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Minutes of Evidence
TAKEN BEFORE THE SELECT COMMITTEE ON ECONOMIC AFFAIRS

TUESDAY 11 JANUARY 2005

Present Elder, L Marsh, L
Goodhart, L Sheldon, L
Kingsdown, L Sheppard of Didgemere, L
Lamont of Lerwick, L Skidelsky, L
Lawson of Blaby, L Vallance of Tummel, L
Layard, L Wakeham, L
Macdonald of Tradeston, L (Chairman)

Memorandum by Professor Colin Robinson, Emeritus Professor of Economics, University of Surrey

My interest in the economics of climate change comes about because, for over 40 years, my main research
eVorts have been in the field of energy economics and policy. The production, distribution and consumption
of energy products all have impacts on the environment and so energy policy has, in recent years, come to be
dominated by environmental issues and, in particular, by the view that governments and international
institutions should take action to combat the eVects of human activities on world climate. In the British
government’s February 2003 White Paper on energy1, for example, the principal theme is that an expensive
programme of promoting “renewable” sources of energy, combined heat and power and energy conservation
is justified by the need to “. . . put (the UK) on a path towards a reduction in carbon dioxide emissions of some
60 per cent by about 2050”2.

In various recent publications3, I have expressed scepticism about the predicted extent of global warming and
about the counter-measures proposed. In this brief memorandum, I summarise the reasons why one should
look critically at the global warming consensus that now so influences policy in many countries and I suggest
some issues that the Committee might wish to consider. The memorandum is intended to help set the scene
for the Committee’s deliberations.

1. Apocalyptic Forecasts

To set in context present-day predictions of climate change eVects, one issue I suggest the Committee should
consider is whether the present prevailing wisdom about climate change is another example of the apocalyptic
forecasts that have a long history in energy markets and that have so far proved greatly exaggerated4.

These forecasts of doom have usually concerned the depletion of fossil fuel resources (coal, oil and natural
gas). In recent times the outstanding example has been the consensus that formed in the 1970s and early 1980s
that energy depletion, especially of crude oil resources, was proceeding at an excessive pace5. It was argued
that the world faced potential disaster in the foreseeable future which could be averted only by massive
centralised action by national governments and international institutions: coal, nuclear power and synthetic
fuels, in particular, should be promoted by governments to make the switch away from oil that proponents
of this view argued was urgent, and economic growth rates should be reduced to conserve resources. “The days
of cheap energy are gone for ever” is a well-known catchphrase of the times. In the event, the excessive energy
depletion hypothesis turned out to be misguided and, probably fortunately, the associated calls for massive
central action met little response. Government action was very limited, but by the early 1980s, 10 years after
1 Department of Trade and Industry, Our Energy Future: Creating a Low Carbon Economy, Cm 5761, 2003.
2 Ibid. para 1.10. Comments on the size of the programme and its unintended consequences are in Eileen Marshall, “Energy Regulation

and Competition after the White Paper”, in Colin Robinson (ed), Governments, Competition and Utility Regulation, Edward Elgar,
forthcoming, 2005.

3 For instance, “Gas, Electricity and the Energy Review”, in Colin Robinson (ed.) Successes and Failures in Regulating and Deregulating
Utilities, Edward Elgar, 2004.

4 Going back at least to the mid-nineteenth century. See, for example, W S Jevons, The Coal Question, 1865, reprinted Augustus M
Kelley, 1965.

5 One of the forerunners of these predictions was D L Meadows et al, The Limits to Growth, Earth Island, 1972 that forecast shortages
of most raw materials by the end of the twentieth century.
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the first “oil shock”, decentralised energy market forces had turned apparent scarcity into apparent surplus,
the world was awash with oil and the Organisation of Petroleum Exporting Countries was meeting to try to
prop up the price of crude oil.

Although the present consensus concerns pollution rather than resource depletion, it may, ex post, appear as
part of a doomster tendency with a long history6. Prophets of doom have their benefits: they serve a useful
function if they help to stimulate the innovations that eventually solve the problems they foresee. However,
they can also be dangerous if they force on to the community today costs that need never have been incurred
because these problems would have been solved at less cost by normal decentralised market processes and
associated technological advance. The underlying issue is that, with some reflection, any intelligent person can
think of all manner of problems that might aZict the world in the future but to which solutions do not at
present exist. But, as Dennis Gabor remarked, “The problems of 50 years hence will not have to be solved by
our present-day technology but by that which we shall possess in 20 or 30 years’ time”7.

I would also point out that past experience suggests that once a consensus emerges and passes into the
conventional wisdom—as the climate change consensus has done—it is diYcult to dislodge by the normal
processes of scientific challenge because an “industry” appears that is dedicated to preserving the consensus.
Governments make statements about the need to deal with the problems the consensus identifies. The scientific
establishment comes to depend on research grants which are most easily obtained if research projects appear
to deal with accepted problems. Consultants gear their eVorts to advise on these same issues. The media
constantly run stories that appear to reinforce the consensus. For all these reasons the consensus is highly
resistant to change.

Of course, I am not suggesting that the prevailing wisdom about climate change should be dismissed because
in earlier times the consensus has been incorrect. My point is that past experience should make us wary of
accepting the scientific consensus without very critical examination. As part of that examination I would
suggest the following.

2. How Robust is the Science?

First, I would urge the Committee to solicit evidence from some of the scientists who dissent from the
consensus. In the past, minority views have often been nearer the truth than the consensus (for instance, in the
cases of the over-depletion scares of the 1970s and the wildly over-optimistic consensus views in the 1960s and
1970s about the future of nuclear power).

More generally, although economists are not qualified to comment in detail on the methods used by scientists
to model global climate, they are used to modelling complex situations in which human intervention plays a
major part, where the nature of the system being modelled is poorly understood and where there are diYcult
multivariate problems to be solved (that is, there are many determining variables at work, possibly interacting,
and the separate influences of these determinants are very hard to disentangle by statistical methods). Climate
modelling, like economic modelling, relies on highly simplified representations of a very complex and only
partially understood system which apparently responds to human action but where feedback mechanisms are
often unclear. In view of the complexities of the system and the huge uncertainties that remain, I would suggest
the Committee—without going into details of the science—probes scientific witnesses about how robust they
believe their models to be, and asks for information about the sensitivity analyses they have carried out to test
what diVerences in the results emerge if changes are made in the structures of the models and in the
assumptions made about critical variables.

Two issues in particular are worth examining:

(i) how confident are the scientists that they have identified a warming trend?

There has clearly been a succession of relatively warm years in recent times. But world climate appears to
fluctuate considerably so that what has been observed could be merely a cycle that will be reversed. The matter
is of some importance. If the warming tendency is likely to be reversed naturally, action by governments to
reverse it might do more harm than good, perhaps bringing about excessive cooling of the kind feared by many
scientists only 30 or so years ago.
6 Colin Robinson, The Technology of Forecasting and the Forecasting of Technology, Surrey Papers in Economics, 1972, pp 8–9.
7 Dennis Gabor, Inventing the Future, Secker and Warburg, 1963.
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(ii) how much confidence do they have in the correlation between global warming and the release of greenhouse gases,
which appears to be a particularly awkward problem in multivariate analysis?

In other words, given the variability of world climate and incomplete understanding of its determinants, with
what degree of confidence is it possible to identify the eVects of manmade influences such as greenhouse gas
emissions?

3. The Projections of the IPCC

The International Panel on Climate Change (IPCC), which is a subsidiary of the World Meteorological
Organisation and the United Nations Environment Programme, is the main source of projections of climate
change and its possible eVects. The IPCC has produced three massive reports and is in the process of producing
number four. Its projections appear to have been broadly accepted by many governments and they are widely
quoted. The bases for its scenarios, which of course include economic factors, need to be examined carefully:
this Committee is particularly well qualified to make such an examination.

The starting point for the latest IPCC report is the Special Report on Emissions Scenarios (SRES) that projects
emissions almost a century ahead, to 2100, linking them to projections of world output, world energy use and
the carbon-intensity of energy sources. Projections that far ahead should, of course, be viewed with extreme
scepticism. Even short and medium term projections in the energy field have, in my experience, usually been
so far from the out-turn that they have been of little value. But these very long term projections may be a useful
aid to thought if the scenarios used are internally consistent, if the principal determinants are carefully
considered and if outside observers can see exactly what has been done and can play a role through
constructive criticism. Unfortunately, in the case of the IPCC scenarios it is rather uncertain whether these
conditions have been met.

Two economists who have looked in detail at the IPCC scenarios8, David Henderson and Ian Castles, have
been very critical of them9. Their main single criticism concerns the economic growth projections for
developing regions. The scenarios assume the initial (1990) gap in income per head between these regions and
OECD countries is substantially closed. Castles and Henderson argue that the extent of this 1990 gap is greatly
over-stated through the use of market exchange rates, rather than purchasing power parities, in deriving
comparative figures for GDP per head in that year. By assuming the closure of an over-stated gap, the
scenarios yield projections of GDP for developing regions that are improbably high. The corresponding
projections of emissions are also therefore too high, according to Castles and Henderson. I would add, on the
subject of these rapid growth rates, that it is not clear to me that the IPCC authors have considered whether
they are feasible in terms of the resources—natural, human and man-made—that would have to be used to
sustain them.

The IPCC’s reaction to this critique seems to have been defensive and to have tried to discredit Henderson
and Castles, describing them as spreading “disinformation” and referring to them as “so-called independent
commentators”10. This is clearly a matter on which the Committee should probe the IPCC which, if it is
confident of its methods, has nothing to fear from the normal process of scientific debate11. I understand
Professor Henderson is appearing before the Committee and will therefore explain his critique of IPCC (only
part of which I have summarised), and that Dr Pachauri will appear to explain the IPCC’s position.

4. Will Climate Change Reduce Welfare?

If it could be established that there is a climate change trend that will continue into the future and that human
activities are primarily responsible, does it follow that in the absence of government and international action
world welfare will be reduced? If that were an established fact, there would be a prima facie case for centralised
action. (The case would not be fully made because, as explained in 5 below, the imperfections of government
and international action would also have to be taken into account.)
8 The Special Report on Emissions Scenarios (SRES) is prepared for the IPCC’s Working Group III.
9 See, for example, Ian Castles and David Henderson, “Economics, Emissions Scenarios and the Work of the IPCC”, Energy and
Environment, Vol 14, No. 4, 2003.

10 IPCC Press Release, Milan, December 2003, now posted on the Panel’s website.
11 An IPCC response in the literature is Nebojsa Nakicenovic et al, “IPCC SRES Revisited: A Response”, Energy and Environment, Vol

14, Nos 2 and 3, 2003, but it does not deal satisfactorily with the main points made by Castle and Henderson.
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The impact on world welfare of a global warming trend is a diYcult issue. It depends on the details of how the
warming occurs—for example, whether minimum temperatures increase at the same rate as maximum
temperatures and whether cold regions and warmer regions are aVected similarly. From an economic point
of view, the distribution of gains and losses is important. The chances are that, with a warming trend, there
would be considerable numbers of both winners and losers. Thus to decide whether the world as a whole would
be better or worse oV becomes a heroic task in which gains to winners would have to be oVset against losses
to losers by using some weighting system (which could only be subjective).

Furthermore, some analysts have argued that, on balance, the likely increase in carbon dioxide emissions and,
more broadly, the likely extent of global warming, however caused, would be beneficial. Robert Bradley, for
example, after reviewing the evidence, argues that “. . . the balance of evidence leans more towards climate
optimism than climate pessimism”12. Whether or not one subscribes to this optimistic view, there clearly are
many uncertainties about how increased greenhouse gas concentrations (assuming they occur) will aVect
diVerent people in diVerent parts of the world, as also about the impact of global warming. There is also the
question of the extent to which people in diVerent areas might be able to adapt to climate change without
serious costs. I would suggest that the Committee questions witnesses about what distribution of losses and
gains from climate change they expect, how they would assess the net eVect and what is the capacity for
adaptation.

5. Is Collective Action Required and, if it is, What Should it Be?

In terms of standard economic theory, the case for collective action to combat climate change may appear to
be clear. The standard case is that individuals and organisations that burn fossil fuels have little incentive to
reduce the ensuing emissions of carbon dioxide because they bear merely the private costs of their actions (the
price of the fuel and associated costs): these private costs are less than the full social costs of those actions,
including the adverse impact on world climate. Hence the costs they do not bear (“external costs”) should be
incorporated, directly or indirectly, by governments and international institutions, thus applying a price to use
of the environment. A solution that can often be applied to environmental problems—to allocate and enforce
property rights so that the holders of those rights will defend them against polluters—is, it is argued,
inapplicable in this case because of the diYculty of allocating property rights to global assets such as the earth‘s
atmosphere. So, to avoid over-use of the atmosphere as a sink for wastes, it should be priced.

However the standard argument, as is often the case, seems to me to assume more scientific knowledge than
actually exists. Without further evidence it appears uncertain whether a warming trend has been established;
if there is such a trend its future course and the contribution to it of carbon dioxide and other greenhouse gases
seem very unclear; and there are doubts, virtually impossible to resolve, about whether costs to losers will in
aggregate exceed benefits to gainers. Thus, estimating the appropriate price is virtually impossible.

Moreover, there are two issues I have not so far discussed. The first is what the costs might be of action to
combat climate change. “Costs” in this case mean not only the direct costs to consumers and taxpayers of
subsidies, taxes, administrative controls and other devices designed to avoid climate change and/or to modify
its eVects, substantial though those direct costs might be13. Such actions will inevitably aVect choices made
by producers and consumers, causing economic distortions, and will have unintended consequences that will
increase the full opportunity costs of government actions14. The Committee will no doubt want to enquire into
the likely size of these costs.

The second matter is that we must expect any national government or international action to be flawed because
governments, as well as markets, are “imperfect”. Indeed, there are reasons of principle to doubt whether
governments in representative political systems have a long enough view to be eYcient and eVective protectors
of the environment. They are generally reluctant to impose costs on voters for actions that will produce any
benefits only in the very long run during the administrations of far distant governments.

Experience tells us that actions by governments and international agencies are likely to be influenced by all
manner of objectives as well as concern for the environment and that they have unintended consequences.
Thus it is uncertain whether, even in the case that collective action is justified and does not seem unduly costly,
it will make matters better rather than worse.
12 Robert L.Bradley Jr, Climate Alarmism Reconsidered, Institute of Economic AVairs, Hobart Paper 146, 2003, page 71.
13 The UK’s 2003 White Paper, Cm 5761, op cit puts the annual costs of its renewable energy programme at over £1 billion which exceeds

10 per cent of the wholesale value of electricity.
14 Marshall, op cit.
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6. Policies to Cope with the Uncertainties about Climate Change

Subject to the evidence the Committee receives, it seems to me that a possible policy approach might be as
follows. The intention would be to avoid free use of the global environment but to minimise the potential for
government failure.

Probably the best argument that can at present be mustered in favour of collective action to combat apparent
climate change is on insurance lines. This case admits current ignorance, accepting that the future extent of
climate change and its consequences are inherently unknowable, but acknowledges that, if significant change
were to occur, the economic and social eVects might be severe. Thus, the argument proceeds, governments
should insure their citizens against these possible consequences. The diYculties of eVecting such insurance
eYciently are obvious: in our present state of knowledge the consequences and their probabilities of
occurrence are unclear and the attitude of “society” towards risk is unknown. Thus only arbitrary calculations
of the premium it would be worth paying are possible.

However there is a case, in terms of insurance, for employing a general economic instrument to deal with
carbon emissions—a tax on carbon or better an emissions trading scheme (as instituted by the EU in January
2005). A trading scheme requires the initial setting of the aggregate amount of the permitted emissions and
their allocation among emitters (preferably by auction to minimise government failure). Subsequent trading
would then “discover” a price for carbon and allow a decentralised response to the emissions problem. The
quantity of emissions permitted could be adjusted over time, with governments selling more permits or buying
them back. “Conservationists” and others could also purchase permits, if they wished.

This kind of trading scheme is likely to be a more eYcient way of reducing carbon emissions than the strategy
of “picking winners” (such as renewables) that has been resurrected by the British government in its 2003
energy White Paper. In my view, it would also represent a more considered, cheaper and flexible response to
an issue which may or may not turn out to be a serious problem than the drastic and costly programmes of
centralised action that the more alarmist observers, like doomsters of earlier times, are urging should be
adopted in the immediate future.

5 January 2005

Examination of Witness

Witness: Professor Colin Robinson, University of Surrey, examined.

Q1 Chairman: Thank you very much for coming, in energy policy, which is the area in which I am
particularly interested, and if one looks at the mostProfessor Colin Robinson. The Committee has got
recent UK White Paper on Energy Policy fromyour paper, for which we thank you very much, and
February 2003, you can see that the Britishwe welcome you to the Committee. We have also got
Government is aiming for a quite drastic reduction inyour biographical details for those who do not know
carbon dioxide emissions of about 60 per cent byyou. We are delighted that you were able to come and
2050. This is really a very drastic change, based ontalk to us. You are our first witness in this new study
recommendations from the Royal Commission onthat we have started and we have got a number of
Environmental Pollution. I think one needs to bequestions which you know about. I am told that I
critical of these kinds of predictions, first of all,have to remind you that we need to speak slowly and
because, particularly in the energy field in the past, weclearly so that the machines and recorders can hear
have been quite used to alarmist predictions. Thesebut you would probably know that anyway. Do you
have often been about the over-rapid depletion ofwant to make any sort of remark to start oV with? It
energy resources, running out, this kind of thing, butis absolutely up to you.
in this case it is an alarmist prediction of a somewhatProfessor Robinson: Chairman, thank you very much
diVerent sort, so it seems to me that is wise to look atfor asking me. Would it be useful if I made a few
these predictions rather critically. First of all, one hassummary remarks at the beginning, and there is one
got to look at the science on which I am obviously notthing I wanted to amplify anyway, if I may?
qualified to comment except to say that economists
do have experience of trying to build models of very

Q2 Chairman: Yes, please do. complex systems which we do not understand very
Professor Robinson: I thought I would try to give an well, and this is certainly true of the world’s climate.
overview of what I have tried to say in this brief It does seem to be a very complex system which is not
paper. The first point is that the prospect of severe well understood and yet people try to pick out the
climate change is now very influential with policy eVects on this of human intervention, which is clearly

a very diYcult thing to do, so I think the scientistsmakers in all sorts of fields but perhaps particularly
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that and whether that is so or not. It does seem thatneed to be queried about this, and in particular on
there are going to be winners and losers from thetwo things. First of all, whether this warming eVect
warming trend, and economists tend to shy awayon the world’s climate, which does now seem to be
from situations where you have to compare gains toestablished, is really a trend which can be expected to
some people against losses to others. It is a verycontinue or whether this is merely a kind of cycle in
diYcult thing to do and it is not absolutely clear thatwhich we can expect warming to be followed by
there is going to be a net reduction in welfare from thecooling, and clearly that is a very important issue for
warming tendency. So the argument I have ended uppolicy. The second issue for scientists is how
with is there is a danger of accepting a consensusconfident they really can be about the correlation
which for all sorts of reasons has developed andbetween warming and emissions of greenhouse gases.
which is rather diYcult to disturb. There is a danger,Another issue on which I commented briefly is these
I think, of exaggerated and over-hasty action in thescenarios that have been prepared by the
face of this consensus. I would put the UK EnergyIntergovernmental Panel on Climate Change which
Policy White Paper in this category of exaggerated,are the figures that people usually quote when they
quite costly and over-hasty action. It seems to metalk about the warming of the earth, and people
that if one is worried about the problem of warmingquote figures of a 1.5 to 6 per cent increase in degrees
it is best dealt with not by centralised action bycentigrade over the next 100 years or so. In the paper
governments and international institutions in theI raise some questions about this. I pointed to some
accepted sense of trying to pick winners amongof the criticisms which have been made of this, in
technologies and fuels; it is better to rely, as far as oneparticular by Professor Henderson and Ian Castles
possibly can, on markets which will adjust as we gowho have suggested that the rates of economic
along, although in this case they are probably goinggrowth embodied in these scenarios are probably
to need to be reinforced by some kind of emissionsvery much on the high side and I think certainly that
trading scheme (which has already started in the EU)is one thing which the Committee might wish to look
which would help us to work out the answers to thisat, whether it is so that these are very much on the
diYcult problem as we go along. So that is my quickhigh side. However, I would like to raise one other
summary, Chairman.issue about these IPCC scenarios which is not so

much about whether they have been well done but
about whether this kind of exercise has any value at Q3 Chairman: Thank you very much. In some ways
all. They are, after all, trying to paint these scenarios you have answered part of the first question I was
for about 100 years ahead. If one merely thinks back going to ask you but let me just put it to you this way:
and says what would have happened if people in the if you are, as you clearly are, critical of the way the
early 20th century had taken a base year of 1890 and consensus has emerged and you have some doubts,
put out scenarios for the year 2000, would they could you perhaps give us a view as to why you think
actually have produced anything which was of any it has happened this way? Why do you think the
value to anybody in solving any problem that came international scientific consensus has emerged in this
up in the 21st century? I think one really has to be way? Presumably, you have some questions about
doubtful about the value of these long-term whether it makes reasonable assumptions about
scenarios. It seems virtuous to take a long view but if economic growth? Those are the two points that I
you cannot see anything useful I am not sure that is wanted to pursue further.
really so. I think it is worth thinking about whether it Professor Robinson: If you look back at the way
is really helpful to use these kinds of scenarios on consensuses have formed in the past of this rather
which this whole global warming industry seems to alarmist variety, they appear because when we look
have grown up. It seems to me it is actually quite ahead we tend to see problems that at present do not
diYcult to disturb the consensus on the warming of have solutions and consequently there is a tendency
the earth’s atmosphere because lots of people believe to become alarmed because you cannot see the
in it for various reasons. Lots of people have an solutions to these problems. In the memorandum I
interest in maintaining this idea now and so, as put in I quoted from somebody who pointed out that
sometimes happens with established hypotheses like the problems of 50 years hence do not have to be dealt
these, it is very diYcult to disturb it. Just a couple with by today’s technology; they will be dealt with by
more points, if I may, Chairman, before I finish. the technology we will have in 30 years’ time, or
From an economic point of view the question which whatever. I think to some extent it is a simple matter.
is worth asking is whether, if warming of the It is very easy to become alarmed about almost
atmosphere is taking place, it is quite clear that that anything in the future because you cannot see how
will be detrimental to world welfare. There are some these kinds of problems that appear to be emerging
scientists who argue that increased CO2 are going to be solved. Thinking about these things is
concentrations and increased warming might clearly the way in which they do get solved. On the

other hand, if you become too alarmist about it, youactually be beneficial. I think it is worth questioning
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result of the changes in greenhouse gases caused bycan become precipitated into this very costly
centralised action to solve problems which would human action? I think I would put it to you a bit like

this, is it not rather similar to how one might haveactually have been solved anyway through the
normal processes of human ingenuity. I think that is thought about smoking 50 years ago? We were trying

to explain the increase in lung cancer. There had beenprobably the reason why one gets these alarmist
ideas. On the issue of economic growth, I think the a big increase in smoking, there was microeconomic

evidence that smoking would be likely to increasesimple point is—and this goes back to what I was
saying a moment ago—if you are looking at scenarios lung cancer, and if you see an increase in cancer and

you see an increase in smoking you put the two100 years ahead I do not think it is possible to say
anything reasonable about economic growth because together. Is that not a reasonable way for people to

look at this?we have no idea what will happen over this period. I
am not sure that this scenario approach or any kind Professor Robinson: Obviously I am not qualified to
of projection over such a long period has any real speak on the science but clearly there has been an
value simply because we are in such ignorance about increase in greenhouse gas concentrations and clearly
what is likely to happen in this period. there has been a period in which the world for a

number of years has been warmer than in recent
times. What I am not clear about is to what extent itQ4 Chairman: Speaking as a complete layman on
has been established that the greenhouse gases arethis subject, if it is diYcult to see too far into the
responsible, because as I understand it—and this isfuture most people tend to put their heads under the
something scientists need to be quizzed on—if youblankets and do nothing. You argue that it is very
take these models which look forward they do notdiYcult to see what is going to happen in 50 or 100
actually predict what has happened in the past veryyears’ time and yet you have an emerging consensus
well. The amount of warming does not appear to bewhich you are challenging which is, by your view,
very closely correlated with the greenhouse gasalarmist. That is contrary to what I would have
emissions and, consequently, without being qualifiedthought was normal human nature, that if they
to speak about the science, I feel suspicious about thiscannot understand it they will soon forget about it.
correlation, and I think it is something on which theHowever, they seem to have taken a totally diVerent
Committee could very usefully, if I might say so,view. Can you explain that?
question the scientists about: the extent to which theyProfessor Robinson: I think an industry grows up
feel they have isolated the warming eVects of thesearound these things as it has done with the global
emissions, given all the other complicated things thatwarming consensus in that many people gain their
are going on in the climate. I absolutely agree aboutemployment through working on answers to these
smoking but I think it is more complicated thansupposed problems. Academics obtain research
smoking just because of all the complications ofgrants from finding problems. I am not saying there
climate. It is a very diYcult, multi-variable problem,is not a problem but there is quite a lot of self-interest
I think.in these things. May I take something totally diVerent

like the consensus that formed 40 or more years ago
that nuclear power was the fuel of the future, the “too Q6 Lord Sheldon:But is it not clear that if you ignore
cheap to meter” type of idea that grew up then. That long-term forecasts because of their uncertainty you
was very powerful and was unchallenged for many will need to make sure that you have got short-term
years because the scientific community benefited solutions? It is alright to say, “Look here, one is very
hugely from the idea that nuclear power was going to unsure,” but you need to have immediate eVects that
be the fuel of the future and it took all kinds of big you can bring into play and without that you are
changes before people changed their view about faced with two lots of uncertainty, whereas you can
nuclear power. These consensuses once they are reduce them to one if you can concentrate on the
formed are diYcult to dislodge. short-term forecasts which may be the solution to

deal with these long-term uncertainties. What
guarantee can we have that we have got some shorter-Q5 Lord Layard: I wanted to ask about your remark
term solutions to deal with them?about the trend being possibly a cycle. Perhaps I
Professor Robinson: I think that historically thesecould ask three questions about the science. The first
kinds of problems have been dealt with throughis, do you accept that there has been a big increase in
decentralised types of processes and the exercise ofthe density of greenhouse gases caused by human
human ingenuity or through markets, depending onaction? Secondly, do you think the science predicts
how you like to put it. The problem with not justthat such a change in density would lead to an
eVects on the environment but eVects on the globalincrease in global temperature, other things being
atmosphere is that in classical economic terms thereequal? Thirdly, if the answer to both those questions
is a market imperfection and the global atmosphereis yes, is it not reasonable to think that the change in

temperature which has been observed is in fact the is not priced and you have to do something about it
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rich countries and the poor countries and then, forto make sure markets will work better than they
otherwise would. I used to be a forecaster but I must reasons that are not very clear to anybody, they

assume the gap almost disappears over the course ofadmit that as time has gone on I have more and more
gone oV forecasting. I think what you should do is to 100 years or so. Not surprisingly, therefore, the rates

of economic growth they come up with for thetry to avoid reliance on any kind of long-term
forecast because it is likely to be so wildly inaccurate developing world are really quite rapid compared to

what has happened in the past, so I think one has gotthat you run the risk of doing precisely the opposite
of what you really ought to be doing. I would rely to be suspicious about them on those grounds.

Clearly, you cannot rule them out, but there does notupon adjusting as you go along rather than trying to
make a decision now about what the situation might seem to be any backing for these apart from the idea

that it would be nice if we had convergence.be like at the end of the 21st century.

Q8 Lord Skidelsky: Can I ask a supplementary onQ7 Lord Skidelsky: I know you have in your paper
exactly that point. In your paper, on page 6, you goexpressed quite a lot of scepticism about the IPCC
through some of the Castles/Henderson argumentsemissions scenarios on various grounds. Of course,
and you say, “I would add, on the subject of thesethese are story lines rather than predictions and
rapid growth rates, that it is not clear to me that thewould not an alternative approach be to develop
IPCC authors have considered whether they areexplicit probability distributions for key outcomes?
feasible in terms of the resources—natural, humanWould not that enable one to get a better handle on
and man-made—that would have to be used tothe problem? That is really the first question I would
sustain them.” Is that a comment on the capacity oflike to ask. Then I wonder what you would say in
governments to engineer these kinds of growth rates,general—and I think we have already touched on
quite apart from disagreement about the income inthis—about the economic forecasts on which these
the base year?projections are based?
Professor Robinson: Perhaps my comment is really notProfessor Robinson: On the question of probability
very clear there. I think what I was trying to say wasdistributions, my experience of scenarios arises
it is diYcult to see what the back-up for thesebecause once upon a time I used to work in the oil
forecasts is. They do not seem to have attempted toindustry and the oil industry of course has used
justify them, except in terms of convergence, and it isscenarios for a long time. People who use scenarios
not clear why they think there is going to beexplicitly avoid the use of any kind of probability on
convergence. They do not seem to have attempted tothe grounds that you need to put forward all of these
look at whether it is feasible to grow this rapidly andpictures of the future, each one of which is internally
what the implications would be, so it is reallyconsistent, and present them and avoid making a
reinforcing the Castles/Henderson point that it isjudgment about one being more likely than the other.
uncertain why they are assuming this convergence.That is the way it is done. In that sense I think the

IPCC are in line with the received wisdom about
scenarios. The problem about applying probabilities, Q9 LordMacdonald of Tradeston: Just to follow on,
particularly with something so far ahead, is it is so Professor Robinson, on this question of the processes
diYcult to know how you would do it and how you of IPCC. Obviously in a technical sense the way the
would attach any kind of subjective probability to chapters are written and are peer reviewed might be
any of these forecasts of economic growth or questioned, but there is obviously something
emissions or whatever. I think it is a very diYcult stronger behind the criticism by Henderson and
thing to do and I think that is maybe another reason Castles and indeed the way you yourself talk about
for avoiding these kinds of long-term forecasts if you the defensive reaction, the attempt to discredit and
can. On the economic forecasts themselves, since I the spread of misinformation, which raises the
wrote that memorandum I have had a further, more question of whether this process is then being
detailed look at the SRES scenarios and it is quite influenced by political factors? Is it simply that a
diYcult to know to what extent the results are consensus has built up behind this or can you see
actually influenced by the economic forecasts. I evidence of more political intervention or other
noticed somebody who wrote a critical paper about it interests at work? If the objectivity is being skewed by
who said that it was not clear how the authors got the politics, is there a way in which you think that this
from their driving forces to their results, and I also Committee or the British Government might be
think it is actually very unclear when you begin to challenging and strengthening the processes involved
look at them. So I do not know how important the by the IPCC?
economic forecasts are but I think that David Professor Robinson: I think that once some kind of
Henderson and Ian Castles have made a very consensus has been formed people do become
important point about these forecasts, which is they defensive about it and want to keep the consensus.

Whether it is political eVects I am not quite sure. Iseem to start oV with an exaggerated gap between the
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Professor Robinson: First of all, my own view is thatthink, as I indicated, there is an industry around this
now, with all sorts of people involved in this, and it this whole approach of trying to write very long-term

scenarios is misguided, so I would not do that. But ifhas I suppose become self-generating, self-
perpetuating, and maybe there is a case for you are going to do that, you really do need to have

outside checks on what is being done for those whogovernments becoming a bit more involved. I think
David Henderson, for instance, has argued that are going to be paying the bill. That is why we need

some input from government departments and infinance ministries ought to become more involved in
this and have a look at things like these economic particular from finance ministries. My preference
growth assumptions. If there is going to be a bill for would be to get away from all this speculation about
this it is going to be footed by various governments the very long-term future, which I suspect is not very
and their taxpayers and therefore it would seem helpful, to try to set up a system that would help us
reasonable to have the finance ministries look much to adapt as we go along. That means that what you
more questioningly at the kind of assumptions that do is you try to use markets as far as possible and
have been made by the IPCC and in particular these where they are not working very well you try to
economic growth assumptions. reinforce them.

Q10 Lord Macdonald of Tradeston: Looking at the Q13 Lord Vallance of Tummel: Do you think that
lead authors, for instance, and the way they have there might be a role for some institution within the
been selected, is there any suggestion that there might UK then to set up independently and challenge this
be a pattern behind their selection or that they are

approach and take a diVerent view altogether, infinanced in ways that might influence the outcome of
which case what sort of institution could do it? At thethe judgements made by the IPCC? Where do you
moment what we are talking about is governmentthink the rigour should be applied in looking at this
departments. Is there anything beyond that?from our perspective?
Professor Robinson: Of course individual academicsProfessor Robinson: I certainly would not make any
have already challenged it but it looks to me as if itsuggestion that there has been any bias in selection
is bouncing oV rather and it probably needs greaterbut I think the review process almost seems to have
weight to be applied, and that is why I suspect thatbeen internalised. The IPCC claims constantly that
some criticism from government departments mighteverything is peer reviewed and there are all these
have more eVect.people writing these things and looking at them and

so on. But when you look at the results you would not
really have thought that, so there does not seem to be Q14 Lord Elder: I was going to ask about the view
any outside influence entering into these forecasts you have on the way governments take decisions on
and that is why it seems it would be useful to have climate change issues but I think we have rather got
checks from outside economists, particularly from the flavour of some of your thoughts on that,
economists in areas like the British Treasury, on what although I must say it is an interesting and new
has been going on. concept that governments should be being criticised

for taking too long term a view, because that is not
Q11 Lord Vallance of Tummel: Perhaps we can the usual criticism for governments! I understand the
follow up a little on the UK’s role. Professor logic of your case on this but it seems to be that it is
Robinson, what do you see as the current UK role in at least possible that the problems that future
the IPCC process, and could it be improved to governments will be facing will be ones which, should
produce a more robust analysis and, if so, how would your thinking be misguided, will have become so
you set about it? complex and so diYcult that it will be too late to come
Professor Robinson:Obviously, individual people have to some sort of solution. To use a parallel with the
had a role because there are British people among point Lord Layard made, I know from experience, if
those who do the scenarios and review them. I do not you say to a doctor you have got a slight problem
think, as I understand it, that the British Government with your skin but it is alright you wear a hat and put
has had much of a role in the preparation of these on sun tan lotion, he will say that is all very good and
very influential scenarios nor in the more general that he is encouraged by that but the problem arose
IPCC processes. As I have indicated, I think it has 40 years ago and it is far too late to do anything about
become a bit of an industry and become self- it. It seems to me that by following this approach you
generating and it does really need to be looked at are suggesting and going on in the hope that in 30, 50
rather more fundamentally than has been done in or 70 years’ time there will be new technology to deal
the past. with it and that something will turn up. But we might

reach a position where governments will be faced
with the awful prospect of having to admit that thereQ12 Lord Vallance of Tummel: How would you set

about doing that if you were advising? is a huge problem and that it is far too late to do



3091991003 Page Type [E] 24-06-05 17:32:39 Pag Table: LOEANY PPSysB Unit: PAG1

10 the economics of climate change

11 January 2005 Professor Colin Robinson

climate change section of that, the first page presentsanything about it. I would be grateful for your
comments on that please. in a very prominent position a graph which is used a

great deal to demonstrate that there is likely to beProfessor Robinson: I agree with you it is odd to
criticise governments for taking too long term a view, warming, which shows from the year 1000 AD to the

present, and indeed projections into the future, thatand I have often been critical of governments for not
looking far enough ahead, but the problem is looking the world temperature remained pretty well static

until about the early 20th century when it started tothis far ahead there is not anything you can see. I am
not sure that looking a long time ahead is particularly rise, and this is projected to continue. You said, quite

rightly, that one of your concerns was that the risevirtuous. I think the point about leaving it too late is a
very interesting one and that is the reason that I have that there has been over the past 100 years may be

something that should be projected in the future or itsuggested that if you are concerned about warming of
the earth that the way to approach this is to say let’s may be a cyclical phenomenon. If you look at this

graph it does not look like a cyclical phenomenon.try to take out some insurance so that, even though
we do not know what is going to happen, if things do Have you made any studies of the reliability of this

particular graph, which has had a very, verygo wrong that we have taken some action in time.
That is why I have suggested that the best approach prominent place not merely in the Government’s

White Paper but in most of the climate changeto this is to reinforce the normal operation of markets
by some kind of scheme that will help to oVset the literature?

Professor Robinson: I think a large part of the graph topossible eVects of human action on the environment.
This is where these kinds of schemes like emissions which you are referring is a projection and

consequently it would not be possible to spot anytrading schemes can come in. There are problems
with these too and I certainly know that, but kind of cyclical eVect because it is a projection that

shoots up.nevertheless they do give you an opportunity to avoid
making big bang decisions now and to make your Lord Lawson of Blaby: Yes, from the year 2000 to

2100 you are absolutely right, it is a projection; butdecisions over a period of time during which you
adjust. from the year 1000, shortly before the Battle of

Hastings, to the present day, whatever else it is, that
is clearly not a projection.Q15 Lord Skidelsky: How much eVect are the new

deposits going to have on climate change in the next
100 years as opposed to the eVects that the old Q17 Chairman: Have you got a copy?

Professor Robinson: Yes, thank you.deposits are having? I know this is probably a
scientific question more than anything else but what
is the expected ratio of new deposits of CO2 emissions Q18 Lord Lawson of Blaby:Are you aware that this,
which are envisaged by these scenarios to existing which has had a very profound influence on thinking,
deposits which have been accumulating over, I do not is explicitly stated in the Government’s White Paper
know, the last 100 or 200 or 300 years of polluting to be based on proxy data, whatever proxy data may
activity? Is there any good information about that, be, because there are no instrumental observations,
because it seems to me rather important in judging they did not begin until the late 19th century, and that
what we could actually do to slow down climate for these proxy data, which it says in small writing at
change? the bottom, that the IPCC relies entirely on a study
Professor Robinson: Insofar as it is carbon dioxide by a Professor Mann in 1998 and this has
concentrations, as I understand it, and I think this subsequently been examined and it was found that
probably is a question for scientists, the consensus that Mr Mann got it all wrong in a rather
view among scientists is that you should avoid fundamental way. Professor McKitrick, for example,
concentrations of CO2 in the atmosphere and you has gone into this in great detail and so I believe have
should not allow them to go above 550 parts per others. Is this something you have studied?
million, which is twice the pre-industrial level. We are Professor Robinson: I have not studied in any detail
some way oV that at the moment. I think that is the this question about whether we are in a trend or in a
scientific consensus. I think it probably is an cycle but if you simply cover the projection part at the
interesting question for climate scientists—what we end of that graph with your hand you can see (it is not
can do and to what extent we are already committed. all that clear) what is happening. I am merely raising
We obviously are committed already from what has the question because I think it is an important issue
happened in recent years to a substantial increase in because if we were in the warming phase going to a
concentrations in the atmosphere. cooling phase, and the Government takes action on

the assumption it is warming, then we are doing
precisely the wrong thing presumably. So it is quiteQ16 Lord Lawson of Blaby: Professor Robinson,

you mentioned the Government’s White Paper UK an important issue and I was really raising it as a
question that might be addressed to the scientists—National Priorities in the Energy Strategy. In the
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exchange rates they did not have enough to survivewhat confidence they have that this is a genuine
trend. on, but in fact they were alive even though very poor.

For that reason, purchasing power parity has been
considered to be rather more useful. This makes aQ19 Lord Lawson of Blaby: Yes, I think that this is
huge diVerence of course to how heroic yournevertheless something which would be useful if we
assumptions are on the rate of growth over the nextknew a little bit more about how these proxy data
100 years. As an economist what is your view on this?were derived since some people are placing a great
Professor Robinson: I think for the purpose of thesedeal importance on this straight line based on these
scenarios they should have used purchasing powerso-called proxy data. They may be absolutely right,
parity. My recollection of the numbers is that thethey may be wrong, but I think we need to know
ratio of 16:1 of developed to developing countries’something about it. You referred earlier to the point
income comes down to 8:1 if you use purchasingthat the IPCC’s fundamental assumption of world
power parities, so it makes a huge diVerence, if yougrowth does not relate to the 10 variations lowest and
assume convergence, to the rates of growth. So Ihighest but that all their estimates are based on the
think that purchasing power parities probably shouldassumption that the developing world will by the end
have been used and indeed that is supposed to be theof this century have the same national income per
international standard for making these kind ofhead as the developed world, even allowing for the
comparisons. At the least if you are doing scenariosgrowth in the developed world. In other words, there
and if you are trying to encompass the likely range ofwill be complete catch-up by 2100, which is

wonderful. It means that the problem of global uncertainty, you ought to use purchasing power
poverty has been solved. It is the most wonderful parity rather than doing everything, as I understand
assumption I have ever heard. Do you know what it has been done, at market exchange rates. I think
evidence there is for this assumption? that is quite a serious flaw in the methodology that
Professor Robinson:Well, I do not think there is any. I has been used by the IPCC.
think to be precise what they say is that the present
ratio of GDP per head in the developed world to the

Q21 Lord Lawson of Blaby: If I may continue on thedeveloping is about 16:1 and it is going to go down to
longest line. If that is so, then would you not agreesomewhere between 1.5:1 to 3:1. It is very substantial
that the range of uncertainty on global temperature,convergence and there does not seem to be any
assuming anthropogenic causes, as I believe they areevidence or any back-up for this assumption. I think
called, are of greater importance rather than otherat one point they do talk about equity or equitable
things which we may know even less about, the truedistribution of income but there seems to be almost
range should be very much wider than the rangesome kind of value judgment built into this that this
which the IPCC has published and promulgated andis what one might hope will happen. It does not seem
which seems to have been accepted? That is to say,to me to be in the category of an objective expectation
maybe the upper limit is a reasonable upper limitof what might happen but more of a kind of hope. All
(although I accept your qualification that it is quitethese scenarios are based upon this idea.
impossible to know what will happen in 100 years’Lord Lawson of Blaby: You are an economist and in
time anyway so it is all rather academic), butthe economics trade—I hesitate to call it a
nevertheless there is clearly a lower range, whether itprofession—there is a considerable diVerence of
is because you should assume the purchasing poweropinion as to whether when you are making these
figure, or you maybe should not make an heroicprojections you should use market exchange rates or

purchasing power parity, and of course there is no assumption such that world poverty has been solved
dispute that the gap at the present time between the in 100 years, and the lower limit should be a great
developing and the developed world in terms of deal lower than the lower limit that they have
market exchange rate is much greater than it is in forecast?
purchasing power parity. I remember, if I may, Professor Robinson: Yes indeed, I think that is the
Professor Bauer, who was a Member of this House, conclusion. There appears to be an upward bias in
pointing out to me that if you took—and I hope this their forecasts and if they had used purchasing power
will not be considered in bad taste, it is meant to be a parities they would presumably have come out with
demonstration— lower figures for the amount of gases and emissions
Chairman: We will tell you that after. and warming. I just have this uneasy feeling, having

read the scenarios, that I am just not very clear how
they get from these driving forces like economicQ20 Lord Lawson of Blaby:—If you took the income
growth to their conclusions. It is not really very clear.of the developing world in terms of equivalent market
So I think in anything one says about changing theseexchange rates most of the people in the developing
assumptions one cannot be quite sure what wouldworld would be dead because it could be

demonstrated that if you translated it into market happen to the conclusions.
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and the way in which you get greater productionQ22 Lord Lawson of Blaby: No, I am not clear
either. If that is so, if there is this huge variety of from them. Therefore it could lead to international

problems whereby some countries suVer and somepossible outcomes in 100 years’ time, how should
governments set about approaching the issue? I know countries benefit, and this could be a real problem,

enhanced, if anything, by the loss of the Arctic Oceanyou have said they should do it ambulando and using
market mechanisms, and certainly in the parallel and the possibility of the Antarctic becoming a new

continent. There are these pluses and minuses andwhich you drew earlier, that of worries about the
depletion of energy resources, that absolutely was the looking as far ahead as 100 years you cannot be sure

that there would not be an actual benefit to the worldright solution and the alarmist prophets were
recommending things which were absurd. Do you but a disadvantage to some countries. Now this

becomes a very diYcult international problem and sothink cost-benefit analysis has any part to play? Do
you believe that it is possible to use cost-benefit it may be that by interfering too much in this

mechanism we are complicating an issue which mayanalysis sensibly when there is such a wide variety of
outcomes? Do you think that cost-benefit analysis have a rather simpler solution because more money

could be made available for dams and all sorts ofshould be confined to spelling out clearly what the
costs will be of particular sources of particularly things. What you have said about uncertainty in the

future is multiplied by looking at all sorts of otherpolicy proposals or do you think there is some
other means? possibilities which may impinge upon this.

Professor Robinson: Yes, I absolutely agree, I think itProfessor Robinson: In a word, Lord Lawson, no, I do
not think cost-benefit analysis is really very helpful in is a situation where you cannot say unequivocally

lots of people are going to lose. The situation will bethis case because unfortunately, as so often is the case
with cost-benefit analysis, the costs and the benefits that some people will lose and some people will gain

if we have a warmer atmosphere. That makes it anare both so very uncertain that the chances are when
you do the analysis that what you get is very much extraordinarily diYcult problem to deal with because

you are not sure whether to leave it all alone and itgoverned by the analysts’ preconceptions.
will work itself out. It is the sort of problem, as I
indicated earlier, from which economists often shyQ23 Lord Lawson of Blaby: I do not think short-
away because one has to think of a way of weightingterm costs are diYcult. For example, if you were to
the gains to the gainers against the losses to the losersclose down all power stations—I am just taking
and coming out with some kind of sum, which is veryextremes—which emitted greenhouse gases and rely
diYcult to do.entirely on power stations which were fuelled in ways

that did not emit greenhouse gases you would work
out very clearly what the cost would be. One last Q25 Lord Sheppard of Didgemere: If I take you back
point, have you read an extremely well-written (I from 100 years forward to 10 years back, which may
thought) chapter in Adair Turner’s book Just Capital be easier, has the whole of this debate not actually
which has been helpfully circulated by the Clerk to all brought economic benefit because people, and by
of us, in the section on global warming in the chapter people I include business, are more energy conscious
on green capitalism, market economics and the (it is partly of course price but it is partly this debate)
environment? and in general they are more conscious of pollution?
Professor Robinson: No, I have not. Has it not had some side benefits regardless of
LordLawson of Blaby: I think it would be very helpful whether the long-term case is made or not?
if we could ask Professor Robinson on the economic Professor Robinson: This really comes back to
side, particularly on the energy economic side, as he something I mentioned very briefly in the
is an energy economist, to let us have a note on that.1 memorandum which is, although I was criticising
Chairman: Okay. prophets of doom, I said they can perform a useful

function because they alert people to problems which
need to be dealt with. Past experience suggests thatQ24 Lord Sheldon: One aspect of climate warming,
human ingenuity one way or another usually doesof course, is that there are going to be greater costs to
deal with them, so I think it is correct that by alertingsome countries but greater benefits to others, and so
individuals and organisations to possible problems inthere is a division here between countries. The low-
the future people do actually start to deal with themlying countries are likely to suVer the most and those
and in that sense normal market forces will actuallyin more moderate temperature climates are likely to
deal with many problem of the environment, as withfind their agricultural products increasing in quantity
other things.and value, if there is enough water to deal with that,

and there is an argument as to whether the total
world output might not even be greater than it is now. Q26 Lord Skidelsky: I am just thinking about what
You have only got to think in terms of hot-houses you said and the questions that have been asked. It
1 No supplementary evidence received. seems to me there are two distinct problems. One is
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Professor Robinson: I think there is an argument forthe base year problem, what is the actual gap between
developed countries and developing countries today? saying we just do not really know what is going to

happen in this area, as in so many areas, so theThe second is the assumption that convergence will
take place. The second seems to me to be very Government ought to take out an insurance policy

for everybody by taking some action that will help todubious because historically it is true there has been
some convergence but, on the other hand, some parts mitigate the eVects of any possible warming in the

field. I think the best way of doing that is toof the world are diverging at the moment. I am
thinking particularly of Sub-Saharan Africa which strengthen these emissions trading schemes which

essentially work with market forces. To some extenthas been diverging from rich countries, since
independence at any rate. Would you accept as an markets will help to work it out anyway. There are

energy technologies around that conceivably couldeconomist that those two problems can be separated
out in one’s thinking about the economic eVects of solve all these problems. There are these ideas that

seemed fanciful for many years that are nowclimate change?
Professor Robinson:Yes certainly, although the way in attracting a lot of research like the use of hydrogen

for energy which would essentially give virtually zerowhich the initial gap is defined, if you are going to
assume convergence is going to aVect the rate of pollution. These things may come along in the

fullness of time. I think we want to avoid takingeconomic growth if you define it incorrectly and say
it is wider than it is. massive action now to deal with problems which

might never occur in the future.
Q27 Lord Skidelsky: That is certainly a problem but
then you also have an assumption that convergence, Q30 Lord Lawson of Blaby: Would you not also
will take place. If there is no trend to convergence it agree that markets are particularly useful and, I
does not matter what the initial gap is. would say, entirely the best means of adapting to
Professor Robinson: Yes. changes that are happening gradually? If you have
Chairman:Does anybody else want to ask a question? something like the recent tsunami, then clearly there
We have gone through the questions that were was no market solution there, although even there it
prepared in advance and we have had some has been said authoratively that if they had had
supplementaries. (which they could have had) an early warning system

in place, they could have had two hours or even one
hour’s warning, and then the human cost would haveQ28 Lord Goodhart: Could I ask one following up
been negligible instead of appalling, even thoughthe last one on the convergence issue. Does it not look
there would still have been material damage done onnow as if convergence is happening since the two
a large scale. Here we are talking about somethinglargest relatively undeveloped countries in the past—
where we have decades of warning ahead of us andChina and India—now seem to be developing much
that is pre-eminently something that markets canfaster than the developed world, so they at least (and
cope with and therefore it is important to distinguishthey account for something over a third of the
between an apocalypse, which is something thatworld’s total population) do seem to be converging
happens out of a clear blue sky very suddenly and iswith the developed economies?
something which, even on the IPCC assumptions,Professor Robinson:Yes, I think that is absolutely true
happens very gradually over a very long period ofand I am sure most people would assume there would
time?be a rapid growth in both those economies. One of
Professor Robinson: Yes.the problems with the IPCC scenarios is that they
Lord Sheldon: Can I ask one thing because talkingwork in terms of regions so it is quite diYcult to see
about 100 years does set one dreaming a little bit andwhat the assumptions are for individual countries. If
to my mind it would be rather surprising if 100 yearswe want to do this kind of thing I guess you really
from now we do not have abundant supplies of freshought to be trying to pick out particular areas like
water from the sea and that would change so manythis where most people would agree there is probably
things in the whole world. However, the dreaminggoing to be rapid economic growth and looking at it
has to stop now and we have got to deal with thein rather more fine detail than has been done in these
present situation.scenarios.

Q29 Lord Sheppard of Didgemere: I am not starting Q31 Chairman: Perhaps we ought to draw this
session to a conclusion. Listening to what you havethe whole conversation again and I have read your

paper and I hear your arguments and, to the extent it been saying, right at the beginning you said to us you
accept that there is some evidence of global warmingis possible, I understand it. But so what, so what?

What should we be doing? Apart from worrying but you have spent a lot of your time calling into
question the validity of economic forecasts for 100about it a bit less, what should we be doing?

Anything? years. You are not able to give us, and I think rightly
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time because I do not think anybody has ever beenso, any rational explanation as to why there is this
able to forecast it.convergence that is likely to take place according to
Lord Layard: Since this catch-up question has beenthe forecasts except “equity”, but I would have
discussed, this is not an issue which has been short ofthought the obvious thing that you may have been
research. There is pretty well-established empiricaltoo polite to say to a bunch of us sitting here concerns
literature on economic growth which is centred onthe political realities of the situation. If you are a
the concept of catch-up, and the idea is you catch upleader of an under-developed nation and you are told
at a rate which depends on the diVerence betweenthe standard in your country is 25 per cent of that of
your equilibrium level, as it were, and your currentthe United States and you are asked to support a
level. The explanation of the low rate of growth inforecast for 100 years from now and you say, “Well,
Africa as opposed to the high rate in Asia is that their

it will still be 25 per cent of the standard of living of equilibrium level itself is low so their equilibrium and
the United States,” I would not want to be in your current levels are not so far apart. These are perfectly
position when you had to fight an election in South respectable models. I do not know how they have
Africa or wherever it was. It seems to me that the been used by the IPCC and that needs to be looked
pressures in the absence of good strong economic at, but the idea that this is not the central way of
arguments to go for convergence seem to be looking at it is not right; this is the way it should be
overwhelming here because of the political realities of looked at. It is just a matter of the numbers that are
it and why should the western world worry too much used.
either because it is 100 years from now. Harold Lord Lawson of Blaby: I think you make a jump from

saying this is a very usual way of looking at things toWilson talked about a week being a long time in
saying this is the way it should be looked at. I thinkpolitics and I think that has been shortened in recent
that our Chairman has made a very powerful point inyears, so it is not surprising that this notion of
saying that it is very diYcult for any internationalconvergence is there in the absence of any strong
body, for political reasons, not to make anevidence. That is not really meant to be a question. Is
assumption of catch-up, so they do, and everythingthat ridiculous?
follows from that. It does not mean to say that is theProfessor Robinson: No, I think that is probably an
way it should be done. It does not mean to say thatimportant underlying force.
this is the assumption that this Committee should
make.
Chairman: I just wonder whether this is the momentQ32 Lord Marsh: I was going to enter one thing on
we ought to finish the session. As a matter of fact, asthis 100 years point because I was struck by several
far as I am concerned, if Professor Robinson wants toreferences and footnotes which exist in the papers
stay for a few minutes I am perfectly happy he shouldwhich have come along to the late Professor Jevons
and he might well be able to contribute to thein 1866, who forecast this great problem over the next
discussion. We might have a few minutes’ discussion100 years of a shortage of carbon fuels. I became
at the end oV the record to finish. Can I thank theMinister of Transport in 1966 exactly 100 years later
stenographers for taking notes and let’s have a few

with a specific remit to cut down the coal mining minutes’ discussion and then adjourn. Let me
industry because we did not know what to do with the formally thank you very much indeed for coming and
bloody stuV. It is an example of how one can waste for a stimulating session. A lot of things have got us
an awful lot of time on a 100-year horizon and it is going. I started by thinking that we might have a nice
probably, as I believe you were suggesting, in slices of gentle run through this policy rather than monetary
relatively short periods, recognising that some of the policy but I suspect it is quite a controversial issue
things you need to do do require long lead times to and we need to steer ourselves carefully through if we
get into any action and relatively short periods and are going to throw any useful light on it at the end.
seeing how it goes. I do not think it is attractive to You have given us a good start and we are very

grateful to you.start looking at what will be happening in 100 years’
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Examination of Witness

Witness: Sir John Houghton, examined.

Q33 Chairman: Good afternoon, Sir John, and absorb radiation admitted by the surface, thermal
radiation, and stop it going out to space and act as athank you very much for coming along to talk to us

this afternoon. We are very near the beginning of blanket over the earth’s surface and make the earth
warmer than it would otherwise be. If it was not forour inquiry and I think most of us are anticipating

we will understand the subject a bit better when we the greenhouse gases, that are there for natural
reasons, the temperature of the earth’s surfacehave made a bit more progress, so you will have to

forgive us if we are not as expert as we need to be. would be less by about 20 degrees Celsius, and the
earth would be covered with ice rather than as it is.I am told that I have to say please speak up and

speak slowly so that we can get a proper record, and So we are sure about the greenhouse eVect, we know
the basic physics, it has been known for well over ayou know something of the questions that we were

thinking about asking you. I wonder, before I ask century, 150 years or so. The first calculation of the
eVect of doubling carbon dioxide in the atmosphereyou the first question, whether there is anything you

want to say? was carried out by Arrhenius in 1896, the result,
although high was in the range of today’s estimates.Sir John Houghton: Thank you very much for
No physicist who understands radiation in theinviting me. I appreciate the opportunity to come
atmosphere would dispute the fact that there is aand tell you a little about the science of global
greenhouse eVect, that increases in carbon dioxidewarming and the like. I have nothing else I
increase the temperature of the surface. So we areparticularly want to say. Your questions were very
certain about those things. Now, the uncertaintiescomprehensive so I am happy to work through

those. arise because of feedbacks. One of the feedbacks
occus because, as you warm the earth’s surface,
water vapour increases. It is the greater evaporation

Q34 Chairman: As we all know, you have written from the surface that increases water vapour in the
widely on the science of global warming and I atmosphere which is also a greenhouse gas; that will
wonder if you could summarise what you regard as increase the eVect of the first warming, and I could
the main scientific justifications for supposing that say more about that later on. I see you raise
past and projected global warming temperature Professor Lindzen later on and I will talk about his
changes are due to human-induced emissions of work, and he has been very keen on that particular
greenhouse gases? issue. I think the reason why we believe in human
Sir John Houghton: Yes. There are the things we induced climate change is because the basic science
know. First of all, carbon dioxide has increased by is there, the carbon dioxide is there, and, of course,
over 30 per cent since the beginning of the industrial the story as we read it in the climate record over the
revolution. We are sure, absolutely certain, that the last century is also there. We are observing it in the
reason for most of that is the burning of fossil fuels atmosphere in much the way we expect.
by the world’s industry. Why do I say we are very
certain? Because not only does the amount of

Q35 Lord Lamont of Lerwick: Last time Colinincreased concentration in the atmosphere fit with
Robinson of the University of Surrey said this,the amount of emissions, but also there are isotope
because he is not a scientist, “The amount ofsignatures on the carbon which tell you exactly how
warming does not appear to be very closelymuch has come from fossil fuels and how much
correlated with greenhouse gas emissions”.from other sources, so that is something we are

absolutely certain about. Secondly, we are quite Sir John Houghton: Well, that is just not true. The
amount of warming is closely correlated withcertain about the basic science of the greenhouse

eVect, the fact that we have gases in the atmosphere, greenhouse gas emissions. There are other reasons
also for temperature changes in the atmosphere;carbon dioxide and methane in particular, that
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NGOs who can say what they want without beingthere are natural variations in solar energy, there is
volcanic activity. But I could show you a diagram questioned. They are the work of serious world

scientists including virtually all the leading scientistsof the record of the 20th century temperature as
observed, as predicted by the best models, and you in the world in the field, and including many

hundreds of scientists from very many countries.will see a very close connection between them.
The number of scientists who have been outside that
process who are any good is very few.Q36 Lord Lamont of Lerwick: And he went on,

“The Committee could usefully question the
scientists about the extent to which they have Q38 Lord Marsh: As you know, this is only our
isolated the warming eVects of these emissions, second meeting here and some of us are not familiar
given all the other complicated things that are going with this area at all. I wonder if you could explain
on in the climate”. why you think we are looking at a trend in warming
Sir John Houghton: Well, we know the factors that rather than some natural cycle and, if it is the latter,
cause variations in climate and the best models we can you give any indication of what you think might
have at the moment take each of these variations be the period of the cycle to get some indication of
due to diVerent eVects and fold them together in a how fast moving the process is?
way that gives you a very good result. You may say Sir John Houghton: There are various cycles in
that is contrived because you knew the answer you climate and the longest of those and the most
wanted, but if you look at it more deeply you find important in some ways on a very long-term scale
it is not contrived, so we have very good simulations are the cycles of the ice ages. We get an ice age
of the climate of the 20th century. Indeed, you have roughly every 100,000 years and we know what
a question later on which goes into climates of the triggers ice ages; it is the variations of the earth’s
past, and I will say a little about that at that time. orbit round the sun, the variations of the

eccentricity of the orbit, the variations in the tilt of
Q37 Chairman: Which do you think are the best the earth’s orbit, and the variations of the time
climate models? where the earth is closest to the sun which all vary
Sir John Houghton: The one which is believed I think from 100,000 years to 40,000 years to about 23,000
to be the best in the world is at the United Kingdom years. You can find all those periods within the
meteorological oYce. But there are other models climatic history of the last million years during
also elsewhere in the world; there are 20 or 25 now which there have been around 10 ice ages.
which are in diVerent sectors in the world which
compete for being in the top rank. They all compare

Q39 Lord Marsh: But this current concern is on atheir data, they run in diVerent ways; they have
slightly shorter timescale, and can you identifydiVerent modelling methods, so there is a great deal
anything on that?of activity comparing those models one way or
Sir John Houghton: Of course. I mention the ice agesanother. Also, on the question of the science, and I
because there are people who say we are heading forshould perhaps have brought the volumes along
another ice age so getting warmer is a good idea.with me, the Intergovernmental Panel on Climate
The next ice age we know from astronomical dataChange, of which I was privileged to be the
is due in something like 50,000 years’ time, so it isChairman or co-Chairman for over 12 years, has
not a concern on the timescale that even youproduced reports, three major ones, 1990, 1995 and
politicians deal with! There are variations that occur2001. The 2001 report is in four volumes, all about
on shorter time scales. We believe that there are1,000 pages long, all with many thousands of
variations in the sun because the best known solarreferences, all reviewed by the science community
cycle is 11 years long and is very small in terms ofvery thoroughly and also by government scientists.
energy charge or any other influence. There areThe policy makers’ summaries of those reports have
probably variations on a longer timescale which arebeen through the toughest possible hurdle that you
not so well understood but we have a good handlecould possibly give them to get through, which is an
on how large they are. There are other cycles thatintergovernmental meeting with 100 governments
occur for internal reasons probably in thethere, including states like the US, Saudi Arabia and
atmosphere and in the oceans, especially as theother oil states who are fighting like anything to
atmosphere and the oceans couple together, and youweaken it; there are other states who want to be
can see such variations occurring within the record.green and they try to strengthen it. These policy
If you take the record of the last millennium, formaker summaries have been agreed word by word,
instance, in the Northern Hemisphere for which wesentence by sentence in intergovernmental meetings
have reasonable data, we are able to identify theof that kind. So they have been through
Northern Hemisphere average temperature overtremendously strict procedures. They are not just

the work of green activists, as is sometimes said, or that period; you will find variations which show the
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Sir John Houghton: Well, there is information that“medieval warm period”, and the “little ice age”,
comes from ice cores; you can drill cores from thebut these are small variations.
ice in the Antarctic and Greenland laid down of
hundreds of thousands of years. The ratio of the

Q40 Lord Marsh: They are not only small; they are isotopes in oxygen within that ice tells you the
outside our control. I am trying to get some sort of temperature at which that ice was formed, so you
handle, if there is any, on the things we are doing get a handle on all the temperatures over the period
now, because there were all sorts of forecasts made in which the ice was laid down. You can drill cores
in the 1800s of what might be happening in 100 from the mud or the sediment from the bottom of
years’ time, a lot of which were completely wrong, the ocean and this contains deposits from living
and some of the things which are happening today creatures that die and so on, and again the ratio of
are within the control of man, and it is those that I isotopes will give you a handle on the temperature
am seeking. that existed in the oceans at that time. Also, you can
Sir John Houghton: Well, if you come to the 20th get a handle on the amount of water there was in

the oceans, how big the ice caps were and similarcentury, you find that the increase in global average
information and so on. There is a lot of informationtemperature is phenomenal compared with any
available there of a proxy kind which gives usvariation over the whole millennium. It has been a
substantial data—it does not give us detail becausesteady rising trend during the 20th century. The
of course there are variations all over the surface butearly part of it was not due to greenhouse gases; it
there is a great deal of information to work on.could not have been because they were not

increasing very much during that period. We believe
that the reason for that is largely because of slight Q42 Lord Macdonald of Tradeston: You mentioned
warming of the sun, and also because of the lack of the particles and the eVect they have had on cooling.
volcanoes during that period, and when you feed You may have seen the Horizon on global dimming
that information in you can actually recover that last week which obviously posited quite a dramatic
temperature rise quite well. Then, if you get to the scenario, and one which presumably would unsettle
middle of the century, you find the temperature rise most of the models, were it true?
stops somewhat from 1950–70; the reason for that, Sir John Houghton: We have known the eVect of the
we believe, is because of the increasing sulphate particles, of course, for some time and we realise
particles in the atmosphere reflecting sunlight, hence that the particles will disappear because of the
losing energy from the system, and therefore any legislation which prevents sulphur dioxide being
increase in temperature due to the start of the rise emitted into the atmosphere. Certainly the law in
of greenhouse gases is swamped by the eVect of the America enforces that, which was not the case in the

70s and 80s. That legislation is also coming intoparticles in the atmosphere. From 1970 to the
China and India who are emitting a lot of sulphurpresent time there has been a very steady increase
gases at the moment. But they have acid rainin tempreture; the rate of increase is larger than it
problems too, so they are cutting sulphur emissions,has been for a very long time, probably for 10,000
so the number of sulphate particles will go down,years. The total increase during the 20th century is
and as they go down we will notice a furtherquite out of scale with any variations known to us
increase in global warming because they have beenother than the ones I have mentioned and the
holding it back, and we are aware of that.increase in greenhouse gases. We were saying this

sort of thing ten years ago in the first IPCC report
but since 1990 we have had a continuous increase Q43 Lord Macdonald of Tradeston: Horizon
in global average temperatures, a steady, consistent suggested that some of this information was
increase. The year 1998 happens to be the warmest relatively recent, connected to September 2001, and
year on record, and a more striking statistic than the conclusions that they came to through the
that is that each of the first eight months of 1998 scientist they interviewed seemed very alarming

indeed, and quite short term.was the warmest month on record of that kind. Now
Sir John Houghton: Yes. Sulphates is not the onlywhen you get eight “ducks” in a row it is trying to
story, of course, they were presenting. They weretell you something and there is no doubt we believe
also talking about aviation and the eVect onnow, or very little doubt at all, that this rate of
cloudiness. They got some good measurements, ofincrease of temperature from 1970 onwards is
course, as a result of 2001 because aircraft were notbecause of the increase in greenhouse gases in the
flying, so they could try and discover the eVect ofatmosphere.
aviation on cloudiness. The data is interesting, and
it shows the sort of thing we expect, but of course

Q41 Lord Lamont of Lerwick: But how do you have it is not really certain because it is only one event.
We do not want to repeat, of course, 2001, but weinformation relating to 10,000 years of temperature?
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inadequate data—knowing just what the climatewould like to get some further handle on that data
to be absolutely sure about how big the eVect will was like at that time. It is not perfect; all over the
be. But it does look as if the eVect is quite large, and globe the regional changes are not all well known;
if it is then it is worrying. but nevertheless the simulations show a significant

proportion of the diVerent character of the climate
of that time compared with the present, so we have

Q44 Lord Elder: Still sticking to predictions and some confidence that models can simulate in
models, we have had a pretty clear indication from the past. The successful 20th century simulation
you of your view as to the links between greenhouse

also is something that gives us a lot of confidencegases and warming, but can I ask a little bit more
that we are about right so far as the future isabout the models and the robustness of models, and
concerned.particularly whether or not you think that the

models we have are good retrospectively in
predicting what has happened on past data, because Q45 Lord Kingsdown: In your opening remarks I
that level of robustness would be some comfort in think you mentioned Professor Richard Lindzen of
terms of looking to the future. MIT as being typical, or one, of the notable
Sir John Houghton: Yes. I have already mentioned doubters to the general scientific consensus on this.
models and the climate of the 20th century and they Would you tell us what you think of his or their
simulate that climate really rather well, the ups and arguments against supposing that there is much
downs and the variations of the 20th century as well scientific basis for human induced warming, because
as the average trend. I will give you two illustrations I take it their stance is that there is not much
of how well models have done. In 1991 there was scientific basis for it. Is that right?
the eruption of the Pinatubo volcano which sent a

Sir John Houghton: I know Richard Lindzen quite
lot of dust into the high atmosphere; that dust tends

well. He is not always consistent in what he says butto keep the sunlight out and cool the earth and we
he is a good scientist, he has done some goodare aware of that. The models put in the amount of
scientific work, and he would not say “There is nodust that was measured, and they predicted that the
global warming.” I do not think he would say that,global average temperature would go down by half
and I have never heard him say that. What he saysa degree and the timescale under which it would
is that the amount of global warming is not large,reduce, the eVect on the oceans and so on, and their
that it is small, and his comments on that areprediction was very good. You may say “Well, that
twofold. One, he argues and has argued for a longis the global average and not too clever” and that
time that the water vapour feedback is negativewould be fair, but there was also some very unusual
rather than positive; he is I think the only credibleweather during that period. There were climate
scientist in the world who argues that, but he hasanomalies of a regional kind; there were very cold
argued it for a long time. He joined the writing teamwinters in the Middle East and some very wet and
for one of the chapters in the last IPCC report; wewindy winters here in north west Europe. That
invited him to join us on the chapter that was mostanomaly also appeared in the models, so not only
relevant to his interests. The team had a lot ofwere they getting the global average right but they
arguments and he argued—or tried to argue—hardwere getting one of the major anomalies that arose
for his point of view, but unfortunately he is not aas a result of the volcano eruption, so that gave us
man who does his homework. He does not read thesome confidence that at least over that sort of
rest of the literature; he quotes his own papers. Histimescale the models were not behaving too badly.
arguments written in a paper over 10 years ago nowThe other illustration comes from people who have
have been very thoroughly gone through by lots oftried to reconstruct climates of the past. If you go
other people just because of who he is and becauseback 6,000 years then the radiation regime arising

from the diVerent orbit of the earth was quite some of the arguments are quite interesting, but
diVerent in some regards, so you get quite a diVerent nobody has been able to substantiate the essentially
climate. These radiation changes are similar to those hand-waving arguments that he uses for negative
deriving from the greenhouse eVect because of water vapour feedback, and hand-waving
carbon dioxide changes; they both influence the arguments are no good. They are useful to help you
radiation at the top of the atmosphere. So if you can on your way but you cannot argue strongly on the
simulate the radiation changes in the past and get basis of hand-waving arguments. You have to do
something like the right climate, then you are very careful modelling so you can take into account
reasonably confident that what you are doing with all the non linear processes—
carbon dioxide changes can also be done correctly.
The simulations which have been carried out for

Q46 Lord Sheldon: What do you mean by “hand-that period 6,000 years ago have been reasonably
satisfactory. However, there are problems of waving arguments”?
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Q48 Chairman: Is this chapter in the 1995 report?Sir John Houghton: Well, producing simple
arguments. For instance, he argues there is more Sir John Houghton: The 2001 report. The other

problem with Professor Lindzen’s publicwater vapour in the lower atmosphere but he says
presentations is that he does not talk at all aboutin many parts of the upper atmosphere there will be
impact. He says “Well, what is 1 or 2 degrees? It isless water vapour because the air dries as it goes up,
only an increase in temperature, and it is not largeso you get dryer air in many parts of the world.
in terms of temperature change in a room”, but inNow, you can put forward that argument and say,
terms of global average temperature it is very large,therefore, that you have a negative feedback but you
and the impact on the world of that sort of increase,have to substantiate there is less water in the higher
the impact in terms of climate extremes, in terms ofatmosphere, where it is, what the eVect of that
heat waves and floods and droughts, is very large,change in water vapour is, and what the eVect of
and Lindzen does not know anything about that,that feedback is compared with the positive
does not talk about and does not appreciate whatfeedback you get from the increased water vapour
it is, because he likes talking in a negative way aboutin the lower atmosphere, and he has done none of
global warming.those. Lots of others have done it for him and they

find his arguments are not convincing, and the
chapter group—and there were seven or eight lead Q49 Lord Lamont of Lerwick: In your very first
authors on that chapter, clever people—in fact, one remarks you described the change in temperature,
of them was one of Lindzen’s students— the global warming, as “very large” or some such

phrase. You said he does not think that; he thinks
it is a small change. Over what period of time is thisQ47 Chairman: Just to show my ignorance, and as
diVerence between you and what is the basis of it,the Chairman I am allowed to do that, what do you
because you are not disputing facts but estimates ofmean by negative feedback and positive feedback?
what happened in the past. This is a verySir John Houghton: As you increase the carbon
fundamental disagreement about what the past was,dioxide, if nothing else changes in the atmosphere
and what is the basis of this? He says small; youthen you have increased the global average
say large.temperature at the surface by about just over 1
Sir John Houghton: He says small because he arguesdegree—if nothing else changes. But, of course,
that the water vapour feedback is small. Now, theother things do change, in particular water vapour,
evidence for that is not good. The evidence from thebecause you have a warmer surface and you get
observations of the past, the fact that we canmore evaporation, so you have more water vapour
construct the climate of the 20th century using

in the atmosphere, and water vapour is a greenhouse models with positive feedback, and you cannot
gas so it acts the same as carbon dioxide, so you reproduce it with models of negative feedback, is a
would expect it to have an eVect. A simple very strong reason for saying that positive feedback
calculation would lead you to believe that you get is about right. The more detailed studies that people
about double the eVect that would be there in the have made of water vapour in the atmosphere and
absence of the increased water vapour; we call that what eVect it has in the atmosphere all tend to
a positive feedback because by doing what you have support a positive feedback. Lindzen is on his own
done another eVect has come along that increases in the world in supporting a negative point, and that
the eVect you started with. Now Lindzen argues is talking about thousands of scientists who are
that, in fact, the feedback would be negative because involved, and he is not believed by other people at
he says it is drier in the upper atmosphere rather all. Nevertheless, because he is a distinguished man,
than wetter and therefore you have negative he comes from a distinguished institution, and
feedback and the eVect is less. That is very because he is saying the sort of things that some
important because if the eVect of doubled carbon people want to hear, he is used a great deal by the
dioxide is only 1 degree, then that is serious but not media as somebody who says that this is not
as serious as 2 or 3 degrees, so we have to get it happening. Well, one voice does not make it right.
right. Now, the authors of the relevant chapter in Of course, I know a thousand voices do not either,
the IPCC Report argued loudly and for very long but the arguments have been gone through
and in the end they summarised in the chapter that extremely thoroughly by scientists who are honest
the balance of evidence shows that the water vapour and who know what they are doing and who have
feedback is positive; they put that unequivocally in been refereed by other scientists and so on. This
their summary despite having Lindzen as the problem has been gone over extremely thoroughly,
chapter author, and he had to go along with it. He and I am afraid Professor Lindzen is not speaking—
still does not go along with it in public but he lost Chairman: You have made your point very clearly,
the argument in private with his colleagues, largely and I think we have the point. Lord Sheppard, shall

we move on?because he does not do his homework.
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you presumably just have to operate from. Are youQ50 Lord Sheppard of Didgemere: Sir John, given
the uncertainty that still exists or arguments that satisfied with the economic basis which you have

given as well as the scientific basis?still exist in the area of science, and certainly in the
area of the economic impact of that science, are we Sir John Houghton: Well, costing in economic terms
paying too much attention and spending too much the damage of all the things that are likely to happen
money on trying to find solutions and act on them, is very diYcult. I am not an economist but I look
or should we be spending more money on the at what economists say and write and the sort of
science, or both? damage they are talking about is substantial. In

terms of per cent of gross national product, 1 or 2Sir John Houghton: There are uncertainties but in
1992, at the Earth Summit in Rio de Janeiro, the per cent perhaps in developed countries but much

more than that in developing countries. I also lookpeople gathered there and all nations signed the
Climate Convention, which said “Although there at what economists say about the cost of mitigating

action and what I think reliable economists areare uncertainties we believe that action is necessary
to reduce greenhouse gas emissions in order to save saying about the costs of mitigating action is that

the cost is very modest. For instance, the Royaldamage of the kind that there is strong scientific
evidence for”. Now if that was true in 1992 it is Commission on Environmental Pollution produced

a report on energy recently and they argued thatmuch truer now because the science since then has,
on the whole, tended to strengthen the story we were there should be a 60 per cent reduction in

greenhouse gas emissions by the year 2050 in ordertelling at that time and the concerns that we have
about impacts. At the moment we feel really rather to meet the problems of climate change, the sort of

impacts I have been talking about. Such a reductioncertain that the warming we are seeing in the
atmosphere and the earth’s surface is due to the will not prevent the impact but it will stop them

getting far worse than they would otherwise. Theincrease in greenhouse gases; and if we extrapolate
that for the next few decades the warming which Government’s PIU, Policy Information Unit, in

Downing Street also did a study on energy and theythat will cause or bring along with it will cause
significant impact in terms of sea level rise and in asked for advice from a group of economists in the

Treasury who were presumably not “green” people,terms of extremes. There was the heat wave in
Europe in 2003 which you will remember was or people who would take a particularly “green” line

or would want to argue very strongly that it wasresponsible for the deaths of 20,000 people, and was
very unusual indeed. It was five standard deviations, going to cost very little or anything like that. They

came up with an estimate that for the Unitedif that means anything to you, a very long way from
the norm, extremely unusual and very damaging to Kingdom to cut its emissions by 60 per cent by 2050

would cost no more than six months’ loss of GDPEurope. The best estimates we have at the moment,
if the trend in warming continues, are that that sort growth over that period. They were assuming two

and a quarter per cent per year of economic growthof summer will be the average summer in Europe in
2050. That is the sort of projection we are making and they said you might lose six months of that in

50 years. But they also said there is the possibilitywith some confidence now as to what the impact of
climate change is likely to be on human of innovation and of industry doing well out of

innovation and the like and we might becommunities. Although in the developed world, of
course, we can on the whole cope with whatever overestimating what the cost might be. That is not

a lot of money compared with the damage we arehappens, because we have the infrastructure and the
methods to cope with it, although it will still be talking about to the world if we allow climate

change to go unrestrained.damaging for us in terms of floods and droughts and
heat waves. But for developing countries there will
be some very severe impacts indeed, from sea level

Q52 Lord Skidelsky: Could I rephrase therise and from an increase in frequency and intensity
Chairman’s question a little bit? Forecasts of theof floods and droughts which cause the largest
rate of emissions depend crucially on forecasts ofimpacts. If you are going to have these, then we
the rates of economic growth. They do not onlyhave to take some action, and if that action is going
depend on that but they depend to a large extent onto be desperately expensive and extremely diYcult
that. Are you satisfied with those forecasts? Do youto do and impossible for the world to face because
have any independent judgment of them or do youit would cause damage of all kinds to the world’s
simply take what, let’s say, a consensus of IPCCeconomies and so on, then you would have to look
economists tell you about that?at it very hard, and I do not believe it is of that kind.
Sir John Houghton: The IPCC for its 2001 report had
an independent report of its own on the emission
scenarios. There was a knowledgeable group basedQ51 Chairman: You present to us a scenario of the

scientific results and forecasts of it, but underlying in Vienna which produced these and I am not an
expert on this or anything like it, but the range ofthat also must be some economic forecasts which
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bigger rather than smaller. The science is gettingscenarios they came up with was very wide. At the
top end you had them assuming very high rates of stronger in terms of the things we were not certain

about and therefore did not want to talk about tooeconomic growth in developing countries—in fact,
convergence—and that led to very high emissions. much in 2001 because we did not want to overstate

the situation. So the situation is actually worse thanGlobal emissions at the moment are about 7 billion
tons of carbon per year, and the result of that sort we might have expected before then.
of scenario would give you 20 plus billion tons of
carbon by the year 2100. But at the other end of the

Q54 Lord Sheldon: Is it not a bit ridiculous talkingscale they had various families of scenarios, and if
about 2100? One hundred years ago we thought weyou took another scenario you might see that they
would be running out of coal and the whole of thewere assuming, or saying, “Well, let’s assume very
country would have to deal with this major problemdiVerent sort of futures. Let’s assume a future in
of civilisation. In a hundred years all sorts of thingswhich the world population drops over this period.
can happen and I am a bit uneasy about that. ButLet’s assume a period over which economic growth
what makes me feel a bit uneasy too is we are notdoes not occur too much. Let’s assume also that
talking about oVsetting the advantages of globalthere will be green arguments for going to renewable
warming, or only in certain areas, for example,energies and less fossil fuel rich resources and so
Siberia, temperate countries, where there could beon”. So there was a very wide range of scenarios but
some advantages in global warming. I know therenone of them was adequate for the purposes of
are disadvantages elsewhere, but you have to oVsetmitigating climate change. They were told “Don’t
the one against the other, and I do not hear anyassume that there are strong drivers or there is
arguments about the way in which certain countrieslegislation or international agreements about
could benefit from global warming. When you talkcutting emissions, but just assume a range of
about flooding of 20,000 people, think of thescenarios”. . . That is why we have in 2100 in the
advantages that could come from the enormousIPCC projections a range from one and a half to
increase in certain countries. The whole of Siberia,nearly 6 degrees in terms of the likely global average
for example, could become a great grain producingtemperature rise over that period. The 6 degrees is
area. There are all sorts of things where we lookassociated with the very high economic growth
ahead so far, there are so many uncertainties andscenario which you may think is quite unrealistic,
unknowables that we have to be really cautiousbut at the bottom end of one and a half degrees you
about how strongly you present the arguments inhave the scenario with lower populations and so on
these matters.which again seem unrealistic. Even the 1.5 degrees,
Sir John Houghton: I agree with you, 2100 is a longwhich is one and a half degrees from now, if you add
way oV. My grandchildren will probably not bethat to what has occurred already, you are already
alive in 2100 but they will be alive in 2030, 40 andwarming the earth in that scenario by about 2.5
50, by which time we will see many of these thingsdegrees by 2100, which is a big increase in
occurring. 2100 happens to be the end of the periodtemperature.
that the IPCC studied and that is why I talked about
it, but it does not mean you are going to have to

Q53 Lord Sheppard of Didgemere: Am I right in wait until 2100 for these things to appear. We are
saying that the latest estimates of climate increases going to be seeing much more of events of the kind
reflect the latest scientific knowledge on global presumably that we had in 2003 which was this
dimming? They may have distorted the historicals enormous heatwave in Europe which, as I say, was
but in the statistical estimates in the future they responsible for the deaths of 20,000 people. That is
would be taken into account, would they? a big event and we will see more of that occurring.

You are quite right to point out that we talk moreSir John Houghton: The estimates in the 2001 report,
where global average increased between 1.5 and 5.8 about the negative impacts rather than the positive

impacts, and there will be positive impacts. Siberiain 2100, assumed less sulphate particles, so they had
some of the global dimming arguments within it. is a good place to mention. It will get warmer, it is

getting warmer now, and providing your house isNot all the arguments that were presented last
Thursday night were within the 2001 report. There not built on the permafrost in which case it will fall

down—but then you can rebuild it so that is not awere other arguments too which have come up since
2001, to do with the global carbon cycle and things big problem—and also, of course, carbon dioxide is

a fertiliser and some crops grow better withof that kind, which suggest there might be more
carbon emitted through the respiration of soils. increased carbon dioxide, everything else being

equal, and providing you have got water as well youInfact there are number of bits of science that have
come up since 2001, which we knew a bit about in can get bigger yields out of a carbon dioxide rich

atmosphere, so there are positive things that occur.2001 but did not feel confident enough to spell out
too much, which on the whole make the figures These have been thoroughly looked at by the IPCC
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Sir John Houghton: The existing technology wouldand if you want to know more, go to the second
make a big change, actually. We are generating avolume of the IPCC report where they spell these
certain amount of wind energy and that is one waypositive impacts out as honestly as the negative
towards doing it. But we have some of the biggestones, but the negative ones certainly seem to be
tides in the world in the United Kingdom. Tidaldominant so far as most of the impacts on human
energy is a great possibility for producing non-communities are concerned. Sea level rise is the first
carbon energy, and with tidal energy you knownegative impact for almost everybody; it does not
exactly when it is coming because you know whendo anybody any good and that is very bad news for
the tides occur; it is not intermittent in the way windplaces like Bangladesh. We are likely to get big
energy is; and there are plenty of places around thedroughts, actually, and Siberia is likely to get much
United Kingdom where we could build lagoons andmore droughts than before, and you cannot grow
build turbines and generate very substantialcrops if you cannot get water and the impact on
amounts of energy. A substantial proportion of thewater worldwide will be very considerable. So when
United Kingdom’s energy could be produced thatyou look in detail at the impact on human
way. Now, there are also local ways in which we cancommunities as they are at the moment, yes, you can
generate energy using waste materials. There is asay communities can adapt, the cost of adaptation
project in Wales not far from my home where theywill be substantial, but some people may be better
are building a boiler which will burn forest residueoV. There may be some parts of North America that
which will heat the whole village. Now, there arecan grow more grain, and parts of Europe may have
many projects of that kind that could be generatedthe same impact, or parts of Russia, so there are
but we need incentives for people to do this sort ofsome positive things but by and large most of the
thing, incentives and drive and encouragement of aimpacts, especially when you get above one or two
kind which is not being produced at the moment.degrees of warming, are adverse and that is a serious

problem, but these have been looked at very hard.
Q57 Lord Layard: But could you tell us anything
about the possibilities of a major scientific

Q55 Lord Layard: It seems to me that, if you look breakthrough on some new way of producing
at these forecasts, whatever we do about energy use energy?
in the next 50 years, there is going to be a big Sir John Houghton: Many people feel that in the end
increase in temperature. That is true of all these solar cells which will be able to produce hydrogen
forecasts. So is not the key issue how we produce from hydrolysis of water will be the fuel of the
energy, and ought we not to be taking much more future, and that could well be. The solar cell
seriously the issue of producing energy without technology is developing all the time, and both BP
carbon? What would be the major ameliorative and Shell have projects doing that sort of thing with
action that could be taken? Would it not be to try big industry. We still have to get the economies of
and treat the issue of non-carbon-producing energy scale to bring the price down, and economies of
with the same approach that we did the moon scale could do that. The Germans are doing well at
landing, or the world did the moon landing? Should it. They have plans for 100,000 roofs with PV solar
we not be throwing massive billions at the issue of cells on within a few years. I am just about to put
how to produce a new non-carbon-producing source a solar cell roof on my home in Wales facing the
of energy rather than focusing on energy use sun. There are tens of domestic roofs with these cells
exclusively, as we do? in the United Kingdom, that is all, and compared
Sir John Houghton: I think we have to concentrate with what the Germans are doing we are doing very
on both. I think there is a lot we can do to cut our little. Now, that is a technology which is bound to
use of energy beneficially without increase of cost, break through in the future quite a lot and we

should be pushing it, because when the economiesof course, but we just have to learn to do that and
of scale arrive then we will be doing it. We need apersuade people that is a good thing to do. But I
way of storing hydrogen, we need a way of storingam sure also, as you say, we will not be able to solve
hydrogen in motorcars in a satisfactory manner, andthe problem without changing the way in which we
there are various possibilities for that; we need R&Dget our energy from non-fossil-fuel sources. Now,
to go into that and a certain amount is going in, butwe should have a big drive at that and the United
we have not solved those problems yet. TheKingdom, for instance, is well placed to exploit
possibility of solving them is around the corner. Wecertain sorts of renewable energy—
should be having a big drive in that, as you say.
Rather than saying “are we going to do this?” we

Q56 Lord Layard: I was meaning in particular just need to do it. The United Kingdom is a
hydrogen or whatever. Some completely new, non- technological country with a lot of scientific and

technical skill and we have the resources to workexistent technology that would change the situation.
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mechanisms for trading in carbon which are verywith others on some of these issues to the benefit of
our own industry and to the benefit of developing exciting, particularly for people who like trading,

and for people who enjoy the market, and for peoplecountries, too, and help them with technology.
There is a great deal that can be done. who feel they are going to make money out of it and

also get some real benefit, and trading is beginning
to work now so that you can reduce carbon emissionQ58 Lord Skidelsky: I think you have already
in the cheapest possible way and in places where itanswered some of the points in question seven but
is cheap to do so. So Kyoto is a great step forward.could I concentrate on just one sentence in that, and
I just wish America would join in. Americanagain go over it? Is it not reasonable to assume that
industry may well begin to join in. California andtechnical change will come about and solve some of
New York, for instance, are beginning to trade inthese problems irrespective of and without requiring
carbon emission, and there is no reason why theya global policy? I am thinking, for example, of
cannot join the Kyoto agreement and try to join itspredictions by people like Paul Ehrlich in the 1960s
trading scheme.of mass starvation, and then you had a revolution

in crop fertilisers and so on, and that has happened
time and time again. Once a problem is identified, Q60 Lord Vallance of Tummel: One of the

complexities of this is the interplay between theforces are set in motion and there tends to be a
challenge to overcome it—forces of demand and science and the economics. They are diVerent

languages and diVerent disciplines. Could youforces of science. Secondly, what do you think the
relationship is between science and the media at this comment firstly on whether the IPCC as a forum

allows a genuine exchange of these two interplayingparticular point? Are the media helpful in displaying
this problem? Do they distract people from the disciplines—and I have to say I am slightly sceptical

of big international forums allowing you to do thatserious issue, or do they simply create hysteria?
Sir John Houghton: Dealing with the media, first I kind of thing—and, secondly, whether the models

that are used are capable of integrating the twothink the media act in a variety of ways. Some of
their programmes are good and some of their disciplines and getting sensible answers?

Sir John Houghton: Well, the IPCC started oV veryeducation is quite good. On the other hand, they do
confuse the public a great deal because they produce much on the scientific and natural science end but

we all realised when we began that we were onlyall sorts of messages without giving clear answers,
and we need badly to inform the public rather doing this because we could hand it over to policy

people and the economists in the end, so we felt wethoroughly about what the issue is about. We need
to have a really good awareness education campaign should really try and get them on board too. The

natural science end was easier because there is morefor the public to explain to them what global
warming is and what the problems are, why we of a tradition of scientists working together

internationally on something like climate, whereasbelieve what we do. Some of the material in some
of our reports should be packaged in a way that the there is very little tradition of economists working

together internationally. That is still a problem—Igeneral public can understand, and you can get
them on board to feel that they are part of the think economists do not naturally join in that sort

of activity so readily as people in the naturalsolution as well as eyeing the problem. Government
would be a lot more confident to act if they felt the sciences. Nevertheless, the IPCC has made

substantial headway with doing that and when youpublic were behind them and if there was a really
good information campaign which the media could put models together which are climate models added

to impact models added to economic models, thenhelp with, and some of us are working at that issue.
you have to be very wary indeed of the sort of
answers you are getting, and how realistic they areQ59 Lord Skidelsky: But do we need Kyoto? Do we
and so on, but nevertheless you have to try to doneed global policy, rather than allowing science and
that sort of thing in order to help yourself on yourtechnology to work on it?
way to discover what the real policy should be.Sir John Houghton: The global policy cannot be too
Others can comment on how far you could do that.prescriptive, clearly, because there are many

possible solutions to the problem. On the other
hand, it is a global problem and we do need all Q61 Lord Sheldon: Talking about this business of

a hundred years and things like that, I have ancountries to address it. There is a fear, of course,
that some countries are addressing this with a lot of obsession that over a period of time like this you are

going to get as much pure water as you want fromcost while other countries are free riders on it. Just
to talk about Kyoto, it is small in terms of what it all those oceans. It has astonished me that if one

were alive a hundred years from now we would havewill achieve but it is very big in terms of getting
countries together, because countries have agreed to as much water as we wanted. Given that situation

does that not change the position with the problemsget together over the issue. They have developed
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scale in sub-Saharan Africa which we have not hadthat you have been describing or have some eVect
before, more frequent and more intense, that is aon them?
major problem in the world. We could try and feedSir John Houghton: We have got used as human
them, of course, by trucking food in, but that is notbeings to the amount of water that is available in
a way of solving their problems, of living andour regions and in the way we live. If that
working and all that sort of thing. They will wantdistribution changes seriously, if we get a lot less
to move. It is the best thing they could do out ofwater, then we have got to get it from somewhere
self-interest and Norman Myers looked at it andand that is a big infrastructure problem. If we get
wrote a report on how many refugees we couldtoo much water we are going to get floods and we
expect by 2050 and he came up with a figure of 150have also got to cope with drought. In the developed
million and it was a conservative report. That is a

world on the whole we can cope with that. In a lot of people What do you do with them? That is a
hundred years we can build whatever is necessary very serious issue.
in order to cope with those problems and we will Chairman: I think we ought to draw this session to
probably have to do quite a lot of that. In a close as we have another witness. I am very
developing countries that is a lot harder. In grateful to you for coming and giving us very
Bangladesh 10 million people at the moment are comprehensive answers to our questions and I hope
living below the one-metre contour. What are they we did not show our ignorance too much in the way
going to do when the sea level rises? They will have we put some of the questions, but at least we are all
to move. You cannot build walls around that, so wiser as a result of what you have had to tell us this

afternoon.you get big problems. If you have droughts on a

Memorandum by Dr Chris Hope, Judge Institute of Management, University of Cambridge

1. My work involves the construction and use of an integrated assessment model of Climate Change called
PAGE (Policy Analysis of the Greenhouse EVect). The first version of PAGE was produced in 1991 for the
European Commission. It was updated in 1995 to PAGE95 and most recently in 2002 to PAGE2002.

2. Integrated assessment models incorporate knowledge from more than one field of study, with the purpose
of informing climate change policy. PAGE is typical in using relatively simple equations to capture complex
scientific and economic phenomena. This is justified because the results approximate those of the most
complex climate simulations to within a few tenths of a degree, and because many aspects of climate change
are still subject to profound uncertainty.

3. To express the model results in terms of a single “best guess” could be dangerously misleading. Instead,
a range of possible outcomes should inform policy. PAGE builds up probability distributions of results by
representing over 50 key inputs by probability distributions, making the characterisation of uncertainty the
central focus.

4. The outputs of PAGE include estimates of the impacts of climate change across the regions of the world
and over time, how these impacts change if measures are taken to cut back the emissions of greenhouse gases,
or adapt to changes in climate, and what the costs of the abatement or adaptation measures might be. In this
note I shall concentrate mainly on PAGE results for the social cost of carbon (SCC); that is the extra impacts
caused by the emission of one extra tonne of carbon in the form of carbon dioxide. This is also the benefit of
reducing carbon emissions by one tonne. It is calculated by summing up the extra impacts for as long as the
extra tonne remains in the atmosphere, and discounting them back to the year of emission.

5. Using scientific and economic inputs taken mainly from the IPCC’s 2001 Third Assessment Report, the
mean PAGE estimate for the SCC is $66 per tonne of carbon emitted in 2001, in year 2000 dollars, with a 5–95
per cent range of $13–185. These estimates use the Treasury Green Book assumptions on the social rate of
time preference, and an equity weight parameter (the negative of the marginal elasticity of utility with respect
to income) of one, which has the eVect of giving greater weight to impacts in poor regions of the world. We
see immediately just how broad the range of plausible estimates is, even with these fixed assumptions for
discount rates and equity weights.

6. The figure below shows how the PAGE estimates for the SCC vary with the date that the carbon dioxide
is emitted. The values increase by about 2.4 per cent per year; by 2060 the mean estimate has risen to $265 per
tonne of carbon.



3091991005 Page Type [O] 24-06-05 17:33:00 Pag Table: LOEANY PPSysB Unit: PAG2

25the economics of climate change

18 January 2005

Social cost of carbon by date of emission

0

100

200

300

400

500

600

700

800

2000 2010 2020 2030 2040 2050 2060

Year

$ per tonne C

Mean

5%

95%

7. Allowing discount rates and equity weights to vary gives slightly diVerent results. With pure time
preference rates in the range of 1 per cent to 3 per cent per year, and an equity weight parameter in the
range of 0.5 to 1.5, the mean PAGE estimate for the SCC becomes $43 per tonne of carbon emitted in
2001, with a 5–95 per cent range of $7–128. The figures are lower because the central value for the pure
time preference rate, 2 per cent per year, gives a slightly higher discount rate than the Treasury Green
Book, and so the impacts that occur in the far future have less weight.

8. All of these results assume the extra tonne of carbon is emitted on top of an unconstrained emission
path, scenario A2 from the IPCC Special Report on Emission Scenarios. But if climate change is taken
seriously, it is unlikely that emissions will be allowed to follow this unconstrained path, which would lead
to the atmospheric carbon dioxide concentration reaching over 800 parts per million (ppm) by 2100, and
continuing to rise thereafter, compared to about 275 ppm in pre-industrial times and 370 ppm in 2000.

9. One constrained emission path that has been proposed aims to keep the atmospheric carbon dioxide
concentration below 550 ppm, double the pre-industrial level. The mean PAGE estimate for the SCC
superimposed on top of this emission path is also $43 per tonne of carbon emitted in 2001, with a 5–95
per cent range of $8–130, essentially identical to the result obtained for the unconstrained scenario A2.
The SCC appears to be insensitive to the exact emissions scenario, within quite a wide range.

10. The reason why this is true is not straightforward. It is caused by the interplay between the logarithmic
relationship between radiative forcing and concentration (which will tend to make one extra tonne under
the 550 ppm scenario cause more impacts), the non-linear relationship of impacts to temperature (which
will tend to make one extra tonne under the A2 scenario cause more impacts), and discounting (which will
tend to make early impacts more costly than late impacts). The insensitivity of SCC to the emission path
is rather counter-intuitive and is a strong argument for using an integrated assessment model, as neither
a scientific nor an economic model would pick it up.

11. If the emission path does not aVect the SCC, what does? The chart below shows the major influences
calculated by PAGE; the longer the line, the larger the influence. That the major influences divide into six
scientific and seven economic parameters is another strong argument for the building of integrated
assessment models such as PAGE. Models that are exclusively scientific, or exclusively economic, would
omit parts of the climate change problem which still contain profound uncertainties.
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 Major influences on the social cost of carbon
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12. The two top influences are the climate sensitivity, which is the temperature rise that would occur for
a doubling of carbon dioxide concentration, and the pure time preference rate. The climate sensitivity is
positively correlated with the SCC, so a rise leads to a higher SCC; the pure time preference rate is negatively
correlated with the SCC, so a rise leads to a lower SCC, and so on.

13. As an example of the changes that new scientific information can bring, the journal Nature has recently
published a new likelihood-weighted probability distribution for the climate sensitivity, with a mean value
of 3.6 degC, and a 5–95 per cent range of 2.4 to 5.4 degC. Using these values for the climate sensitivity
in PAGE, instead of the 1.5 to 5.0 degC range given by the IPCC, increases the mean value of the SCC
from $43 to $68 per tonne of carbon emitted in 2001, with a 5–95 per cent range of $11–202.

14. The PAGE model includes a range of greenhouse gases, not just carbon dioxide, and can calculate the
social cost of each of them. Using the same assumptions as in paragraph 5, the mean PAGE estimate for
the social cost of methane is $280 per tonne emitted in 2001, in year 2000 dollars, with a 5–95 per cent
range of $80–750. In the future, the social cost of methane increases faster than carbon dioxide, by 3.6 per
cent per year. This is because of the short atmospheric lifetime of methane; any extra methane emitted
today will have disappeared from the atmosphere before the most severe climate change impacts occur,
but emissions that occur later will not.

15. What are the policy implications of these results? If the social cost calculations are complete, eVorts
to cut back the emissions of greenhouse gases should continue as long as the marginal cost of the cutbacks
is lower than the social cost of the impacts they cause. If taxes are used, they should be set at the social
cost. If tradable permits are used, their price should be the same as the social cost; if their price turns out
to be lower than the social cost, the total allocation of permits is too large and vice versa. In any comparison
between greenhouse gases, the ratio of the social costs is the correct figure to use.
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16. Of course, the outputs from PAGE, and other integrated assessment models, are only as complete as
the scientific and economic information that goes into the model. PAGE does make an attempt to cover
all five reasons for concern about climate change identified by the IPCC, including a rudimentary treatment
of large-scale discontinuities such as the melting of the West Antarctic ice sheet. It does not include the
security implications of any large-scale migration caused by climate change. The social cost calculations
presented here also assume that impacts in poor countries are given the same weight as impacts in the UK,
or more weight if equity weights are used; this is not necessarily consistent with our behaviour in other
policy areas.

17. My main purpose in this short note has not been to promote any one estimate of the social cost of
greenhouse gases. As I have shown, the social cost of carbon is influenced by many factors, which are still
subject to great uncertainty, and the same is true of other greenhouse gases. Rather, I have tried to
demonstrate that integrated assessment models such as PAGE can perform a useful service by taking the
best information from the detailed scientific and economic research, and revealing its policy implications.
They can also highlight just how much we still have to learn about the economic implications of climate
change, and enable diVerent views on economic and scientific parameters, such as discount rates, equity
weights and climate sensitivity, to be rigorously explored.

14 January 2005

Examination of Witness

Witness: Dr Chris Hope, University of Cambridge, examined.

Q62 Chairman:Dr Hope, we are very grateful to you Q63 Lord Sheldon: There must be a very wide range
of estimates that are produced as a result offor coming. I know you have been sitting through the

previous evidence and you know that I start by saying examining these models, both because of the
uncertainty of dealing with the future and of coursewould you please speak up and speak slowly so that

we can make sure we get a complete record of it. You the long term forecasts. You have got two problems:
the uncertainty and the time. The range of modelsknow something of the questions that we are going to

ask you. Let us see how we get on with those. I will must be very great indeed. Can you give us an
indication as to why these models are presented?start the ball rolling by asking the first question. We

understand you have your own integrated assessment Dr Hope: Yes. The best source of information
typically is the IPCC that Sir John has been talkingmodel called PAGE. I have to say that I thought your

written evidence was very interesting insofar as I about. It has very good information on the science,
and it has very good information on the economics ascould understand it. I wonder if you could briefly

explain what an integrated assessment model is and well. The scale of the problem on the science side is
that if we have a doubling of the concentration ofwhat it tries to do?

Dr Hope: Certainly, my Lord Chairman. Thank you carbon dioxide in the atmosphere then we would
expect perhaps eventually to have a one and a half tovery much for giving me the opportunity to talk to

you and hear your questions this afternoon. The last five degree centigrade rise in global average
temperature. That is one estimate of the uncertaintypart of Sir John’s evidence led in very well to what an

integrated assessment model does. It is trying to take there. On the economic side, if we were to have, say, a
two and a half degree centigrade rise in temperature,the best scientific and economic information that

there is out there in the world and combine it together which is around the middle of the range of scientific
information, then the kinds of impacts that youto find out what the policy implications of it might be.

Of course, there are huge uncertainties with all the might expect to see may be from one or two tenths of
a per cent of GDP in developed regions if we are ablescientific and economic information and therefore to

have a credible integrated assessment model you have to adapt well to it, up to possibly several per cent of
GDP in developing regions where adaptation is lessto have some way of dealing with that uncertainty

and providing a consistent framework in which you possible, so again you have some idea of the scale of
uncertainty. What integrated assessment models docan reflect diVerent people’s opinions about

economic uncertainties like discount rates or equity is allow you to put in ranges for all of these
parameters. The PAGE model has the possibility ofweighting and scientific information like climate

sensitivities, what will happen if we double the putting in ranges for about 50 of these diVerent
parameters, combine them together and run them inconcentrations of greenhouse gases. That is what an

integrated assessment model gives you. It gives you a a probabilistic way using Monte Carlo analysis in
order to try and get some output probabilityconsistent framework to look at diVerent opinions

about the scientific and economic information and distributions, output ranges for the kinds of things
you might be interested in: the total impacts inwhat the possible implications of that might be.
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Dr Hope: Most of the integrated assessment modelsperhaps dollar terms of global warming, the marginal
impacts of the last tonne of carbon that you might be do not include estimates for refugees, which was the

last point that Sir John made, and PAGE is noemitting, and therefore that gives you some sense of
the benefits that you would have if you were to start diVerent from that. PAGE can only really build on

the kind of economic information provided by thereducing the emissions of carbon dioxide. The kind of
range that seems to come out is that it looks as economic and scientific specialists. It does include

things like the eVects on sea level rise, which wouldthough the last tonne of carbon we emit maybe
causes a mean estimate that the damage would be $60 lead to flooding in Bangladesh and other parts of the

world. It does include the kinds of extra extremeor so, but the range around that is quite wide, from
maybe $10 up to above $100, round about at least an events that you would expect to see more frequently

occurring, whether they are storms or droughts, andorder of magnitude of uncertainty of what the
marginal impacts would be and therefore what the it does include the five causes for concern that the

IPCC identified, which includes damage to uniquebenefits would be of reducing carbon emissions.
eco-systems, damage from these extreme weather
events, the distributional impacts across the world,

Q64 Lord Sheldon:How do they take account of the the fact that poor countries are likely to suVer more
possible oVset because of advantages in certain areas than richer countries, aggregate economic impacts
where global warming could be an advantage for and also it makes a first attempt to try and include the
agriculture and so on? fifth reason for concern which the IPCC put down
Dr Hope: They try to take it into account as well as following large scale discontinuities, which is nice
they can. Most of the integrated assessment models scientific language for the real disaster scenarios that
would not just look at the world as a single place. people have, maybe the West Antarctic ice sheet
They would divide the world up into regions and melting, leading to several metres of sea level rise, or
would have separate estimates for what the economic the Gulf Stream turning oV so that the climate of
implications of climate change would be in each of northern Europe would be very strongly aVected. It
those regions. In the PAGE model, for instance, one makes a first attempt to try and incorporate what is
of those regions is the former Soviet Union/Eastern the enhanced probability of that kind of event
Europe and there the mean estimate is that there occurring and what would be the impact of that and
would indeed be a benefit from moderate amounts of therefore whether we can fold that into the
global warming. It is outweighed by the negative uncertainties that we are dealing with.
impacts that there would be in most of the other
developed countries, fairly small ones, but
particularly the negative impacts that there would Q67 Lord Vallance of Tummel: I was interested in
tend to be in developing countries, particularly in reading your written submission. It could have been
Asia and Africa. The figures that I quote in my note written by an economist but I gather that your first
include the oVsetting benefits that you would get in discipline is as a natural scientist, so you are an ideal
the Soviet Union/Eastern Europe and they do not man to talk to in these two languages. Can we take a
come anywhere near the negative impacts that you peer into an integrated assessment model? Perhaps
would get in the rest of the world. you could tell us how, once the emissions scenarios

have been produced, they are then linked into
atmospheric concentrations of greenhouse gases andQ65 Lord Sheldon: What about Antarctica? how then those concentrations are linked into global

Dr Hope: Antarctica is a diYcult one to deal with. warming, because with those you have to span the
There is not much economic impact in Antarctica economics and the science, I guess.
because there is not much economic activity in

Dr Hope: DiVerent integrated assessment models doAntarctica, but of course it is one of the last
it in diVerent ways. The ones that are built bywildernesses of the world and you would expect to
economists tend to have a very rudimentaryhave some estimate of the kind of damage that there
treatment of the science in that way. The model I amwould be in terms of people disliking the fact that you
involved with, the PAGE model, takes the emissions,are spoiling this great wilderness. At the moment
looks at the stock of carbon dioxide and otherthose kinds of estimates for damages to Antarctica
greenhouse gases in the atmosphere and tries to keeptend not to be included in the economic estimates
track of that by a very simplified form of carbon cyclewhich the integrated assessment model is built on.
and lifetimes for the other gases. From that you can
deduce what the concentrations are likely to be in the
future and you can then use the formulae that are inQ66 Lord Sheppard of Didgemere:How does one, in
the IPCC and elsewhere for looking at how thatan economic model like that, build disaster in if you
increases the radiative forcing, the extra trapping ofare flooded out in East Anglia or Bangladesh? It must
heat that will lead from those concentrations, andbe a bit more than a one per cent eVect on GDP,

either in terms of refugees or whatever. again they are not straightforward equations. Some
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people around the world, or else it just has to try andare logarithmic, some are square root functions,
some are linear functions. Once you have got those do some order of magnitude comparison by saying,

“It looks as though the science says that theestimates for the increase in radiative forcing you
then need to have some treatment of the thermal temperature will rise by two and a half degrees

centigrade if we have a doubling of concentrations.inertia of the earth and how that leads the
temperature to rise gradually rather than suddenly, What do the economic models say will happen if the

temperature rises by that kind of amount?”, and itand you can put that in and then look at the eVects
that you might expect to see in diVerent regions of the gets them together in some sort of rough and ready

form.world when you take into account the kind of global
dimming that Sir John was talking about, the eVects
of sulphates which will lead to temperature rising

Q69 Lord Vallance of Tummel:But you would prefermore slowly in some regions than others, particularly
it to be inter-disciplinary?if they have got high levels of sulphates in them. It has
Dr Hope: I would prefer it to be done in a consistentsimplified forms for all those factors taken from the
framework where they are put together in this kind ofscientific models in such a way that the end result for
integrated assessment model which tries to have athe temperature rises that you see from the integrated
view of the science and of the economics and allowsassessment model are consistent with more detailed
you to see what happens if you make slightly diVerentmodels to within a few tenths of a degree centigrade.
assumptions either of the scientific side or of theGiven the uncertainty that Sir John was talking
economic side, what that will do in terms of theabout, where temperature rise from 2100 might be
impacts that you would expect.from one and a half to as many as six degrees

centigrade, that is probably a reasonable degree of
accuracy for the work we need to do. Of course, when Q70 Lord Skidelsky: How satisfied are you with the
we are using those simplified forms what it also idea of using a cost-benefit approach to determine the
allows you to do is to have uncertain values for the extent of global warming in general terms?
parameters and to track through the uncertainty in Dr Hope: It is not the only approach. I do not think
what is going to happen to radiative forcing and it should ever be the only approach. It is one
concentration of temperatures, which is what we component of trying to get a handle on this very
need to feed into the economic impact part of the diYcult problem. There is a huge amount of
model which comes later. uncertainty about both the science and the

economics, yet we still have to make decisions. One
way of doing that is to bring them together in aQ68 Lord Vallance of Tummel: Can I ask you the
common cost-benefit framework that an integratedgeneral question I asked Sir John, and that is whether
assessment model gives you and that allows you atyou think that the IPCC as a forum is capable of
least to see if you are in the right ball park with themelding the scientific and economic aspects in a
eVorts that you might be making. If the integratedsensible way or whether you should try to do it
assessment model gives you values for the social costyourself?
of carbon, as PAGE does, which is tens of dollars forDr Hope: I think it is very good in terms of getting
every tonne that you save, and you think that theretogether scientists to provide the best scientific
are measures that you can take either by using fiscalinformation and getting together the economists to
incentives or other measures which will allow you toprovide the best economic information. They tend to
address that problem and cost much less than that,be rather separate from each other. The scientists
then that is probably quite a good sign that youtend to be in Working Group I and the economists
should be beginning to do something fairly serioustend to be in Working Groups II and III. There is
about the problem. There are other ways of dealingsome conscious attempt made to have a transfer of
with the issue which are perhaps equity-based ratherpeople between the working groups but there is
than cost-benefit analysis-based, which tends not toalways the diYculty that it is quite rare to find a
be economic eYciency-based. As modellers we tryscientist who is fluent in the language of economics or
and incorporate those kinds of equities by usingan economist who is fluent in the language of science,
equity weights which give more concern to us if theseso those kinds of transfers of people do not happen
kinds of impacts occur in poor countries rather thanall that much. What the IPCC tries to do at the end
rich countries, but there are other equity basedis to build a synthesis report which brings together all

the scientific and economic information but it does approaches which would say, “No, you should
pretend that you do not know where you are in thenot tend to have its own modelling capability to be

able to bring them together in the kind of way that I world and try and make sure that what you are doing
is bringing up the standard of living and the benefitsam talking about here in the PAGE model. It tends

to have to rely on integrated assessment models that to the poorest people in the world almost
exclusively”.have been developed by people like myself or other
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building these integrated assessment models andQ71 Lord Skidelsky:Your models are dependent on
the science and also on the economics? looking at the impacts of gases is that the marginal
Dr Hope: Yes. impact that you get, the social cost of carbon that you

get, if you assume that that carbon is being emitted
on top of a controlled scenario which controls the

Q72 Lord Skidelsky:Do you feel sceptical about any concentrations down to about 550 parts per million,
of this? For example, and I will just take the economic is almost exactly the same benefit as you get if you
side, some of the assumptions about convergence for assume that that tonne of carbon is being emitted on
poor and rich countries I do not think are worth very top of one of these uncontrolled scenarios, like
much. Yes or no? How do you deal with that kind of

scenario A2 from the IPCC. It is a rather odd resultuncertainty? How do you incorporate it into your
and it is not one that you would normally expect.model?
You would normally expect, if you were to have aDr Hope: Sir John talked a little bit about the family
tonne of carbon emitted on top of a high emissionof scenarios that is used by the IPCC and the very
scenario, that that would cause more extra damagehigh end ones have this kind of assumption of
than a tonne of carbon emitted on a low emissionconvergence. I prefer, in the scenarios that I use,
scenario because you would be in the kind of regimealthough I do base them on these emission scenarios
where the temperatures were much higher and wefrom the IPCC, to use purchasing power parity
would expect that the damage would be a non-linearexchange rates rather than monetary exchange rates
function of temperature, that it would be a greatlybecause I think that is a more sensible way of trying
increasing function of temperature. You wouldto aggregate things across diVerent countries. If you
normally expect that if you emitted a tonne of carbondo that, then a lot of the problems that have been
on one of these unconstrained scenarios it wouldidentified with these emission scenarios are much
cause more damage than a tonne of carbon on top ofsmaller. For instance, in 2100 the GDP per capita
one of the constrained scenarios. It turns out that isunder purchasing power parity exchange rates would
not true because of this interplay between science andbe about $50,000 per capita in the US and western
economics because the function which relatesEurope and would be still under $10,000 per capita in
temperature change to concentration is non-linearsouth Asia. Therefore, although you have got some
and that acts in the opposite direction to the functionconvergence there is still a long way to go before you
that relates damage to temperature change and theget complete convergence. If you were to do that then
two things seem to cancel each other out and it looksmost of the scenarios are very useful and a good basis
as though the exact details of the emission scenariosfor a start of the analysis, which is to say that if we do
on which you superimpose a tonne of carbon are notnot do anything very aggressive about climate
very important in terms of being able to try and workchange, if we allow emissions to continue growing
out what the impacts of that tonne of carbon will be,without doing anything to address them, what sorts
which is quite fortunate because everything else ofof scale of impacts might we get, what sorts of
course is extremely complicated.marginal impacts might we get, what sorts of impacts

would we get from the last tonne of carbon that we
are emitting nowadays? Of course, climate change

Q73 Lord Skidelsky: That is an importantprobably is a serious problem and we are not going to
conclusion.just let the emissions carry on in that sort of way. We
Dr Hope: Yes.will want to make some sort of eVort to constrain

them because under those kinds of scenarios from the
IPCC the kind of concentration of greenhouse gases

Q74 Lord Macdonald of Tradeston: You seem tothat you would expect to see would be maybe 800
have a contrast between the alarming eVects on theparts per million by 2100 compared to 275 parts per
scientific side, which might be the flooding of greatmillion in pre-industrial times and about 370 parts
cities and the reversal of the Gulf Stream or enforcedper million now. The concentrations would be well
mass migration and so on, which predisposes you toover double, triple, those of pre-industrial times and
dramatic intervention and action, and what we havethey would be continuing to rise. Obviously, if we are
been hearing about the economic impacts of climateat all concerned about climate change we will not
change which seem to be measured, you said, inwant to allow that to continue to happen. What we
percentages of a GDP point or more. We have ofhave tended to see are the kinds of intervention
course suVered in the 20th century variations muchscenarios which are based around trying to keep
greater than that. It seems to me that there is aconcentrations of greenhouse gases below certain
contrast here. Do you think if you were talking inlevels, and a common level people look at, just
terms of economic impacts of climate change alonebecause it is a nice round number, is 550 parts per
that is likely to justify changes in internationalmillion, which happens to be twice pre-industrial

levels. The interesting thing from my point of view in behaviour or personal behaviour?
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emitting a tonne of sulphur-hexafluoride are tens ofDr Hope: It would greatly depend on the view that
you took about how serious economic impacts are in thousands times as serious as emitting a tonne of

carbon dioxide but fortunately the total emissions ofthe developing countries compared to the economic
impact in developed countries. If we were limiting sulphur-hexafluoride are very small around the

world, whereas the total emissions of carbon dioxideourselves just to the way that the economy functions,
maybe the eVects on agriculture, the eVects in terms are billions of tonnes and that is why when we

aggregate them carbon dioxide is the biggest part ofof energy that we will be using, then the impacts in
developed countries would almost certainly be less the problem.
than perhaps one per cent of GDP by 2100, but the
impacts in developing countries could be much Q76 Lord Elder: If I pick you up correctly your
larger, partly because their ability to adapt to the model does deal with the other gases.
kinds of changes that we would be expecting to see Dr Hope: Yes.
would be much smaller and therefore the agricultural
productivity would probably be hit very hard and a Q77 Lord Elder: But most of the other models do
lot of their GDP still depends on agriculture, of not?
course. It really depends on the view that you take. Dr Hope: I would not say most of them do not. I
Are you only going to be concerned about the would say that a majority of them now do but there
developed countries, about our part of the world, or is a split in the integrated assessment modelling
are you going to be concerned about all the rest of the between those models which are based on simulation;
world? Of course, diVerent people can have diVerent they take emissions of the diVerent greenhouse gases
views on that and the kinds of figures that come out and say, “What is likely to occur if we have these
of integrated assessment models typically assume kinds of emissions? What kind of impacts might we
that we are at least as worried about what happens in see?”, and models which are based on attempts to
the rest of the world (or possibly even slightly more optimise, which is trying to say, “What is the best
worried about it), because we put positive equity profile of emissions of greenhouse gases over time?”.
weights on that, than we are about what happens in The ones that try to optimise tend to be the ones that
our part of the world. That is not necessarily how we just look at one gas, at carbon dioxide, because it is
behave in other areas of policy. quite hard to do the optimisation of the diVerent

gases together, and they tend to have rules of thumb
for comparing methane and putting it in in terms ofQ75 Lord Elder: You have already to some extent
carbon dioxide equivalent rather than dealing with itcovered this but can you say a little bit more about
properly in terms of what its lifetime will be in thegases other than carbon dioxide? Everyone talks in
atmosphere.terms of carbon dioxide. It seems to me that on the

very limited evidence so far we should be at least as
worried about other things. Q78 Lord Sheppard of Didgemere: Lord Sheldon
DrHope: People talk about carbon dioxide because if was talking about a hundred years being a long time
you were to identify one single gas that would be the and I think we agree with that. The knowledge that
biggest component, but it is certainly not much more you and maybe some of your colleagues have built up
than half the total problem. You do have a range of on modelling and the whole of this subject has led you
other greenhouse gases, primarily methane, sulphur- to some fascinating subjects, anything from football
hexafluoride and other gases of that sort. The downwards. Has it allowed you to look at some of the
integrated assessment models take diVerent routes to short term energy issues against that total
dealing with those. Some of them deal exclusively background? If I take just one, which I am not
with carbon dioxide. The PAGE model does not. It directly involved in but is interesting, the use of tidal
includes methane and the other greenhouse gases as energy, has that led you to some short term action?
well so you can begin to make some sort of Dr Hope: Yes, because ultimately the decisions we
comparison of the benefits you get if you were to cut have to make cover the whole range from very short
back one tonne of methane, let us say, compared to term to medium term to long term. It is wrong to say
cutting back one tonne of carbon dioxide. In that because this is a long term issue that only occurs
theoretical terms that is the sort of comparison you over decades and centuries then we should be waiting
should be making to tell you the amount that you for that sort of time before making decisions. The
should be putting towards dealing with emissions of estimates that I have given in terms of what is called
methane and emissions of sulphur-hexafluoride as the social cost of carbon or the social cost of other
opposed to emissions of carbon dioxide. It is the ratio gases does aggregate those kinds of impacts over a
of the impacts that we get from the diVerent gases. It very long time period and bring them back to the
looks as though the impacts from emitting a tonne of present day to say, “What are the aggregated impacts
methane are maybe 15 times or so the impacts from of a tonne of gas emitted today?”, because it is

today’s emissions that we have to try and deal with—emitting a tonne of carbon dioxide. The impacts from
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almost certainly between one and three degreestoday’s, tomorrow’s, next year’s—rather than
waiting for 50 or 100 years before doing something centigrade just from the emissions that we have seen

up to now.about the problem. You need to have a long term
perspective in order to get the full picture of what the
impacts are likely to be from a tonne of gas emitted Q80 Lord Macdonald of Tradeston: And are such
today. If it is carbon dioxide it is going to stay in the models being worked on?
atmosphere, certainly for many decades and Dr Hope: Yes, at all levels of detail from the rather
probably for centuries, and therefore, if you were to simple functions of integrated assessment models like
have a time horizon of maybe only the next 10 or 20 PAGE to much more detailed models which try and
years when looking at the impacts of today’s look at the whole of the energy economy and
emissions, you would miss out the vast majority of optimise that under diVerent conditions. That side of
those impacts, so you have really got to have this long the problem is being worked on probably with at least
time period of 2100—and I am sorry to say that most as much eVort as is being put into trying to make
integrated assessment models go even longer than estimates of damage.
that and the PAGE model goes to 2200—to try and
get a full picture of the impacts that will come from Q81 Chairman: Sir John said that there were about
these gases. When you have brought them back to 25 models. Do you confirm that that figure is about
today and said, “This is the social cost of one tonne right?
of carbon or methane emitted today”, you can then Dr Hope: He was probably talking about the very
immediately compare that with the measures that large scientific models, the general circulation
you might take in order to try and cut back the models. The integrated assessment model is a slightly
emissions. You can do it either in terms of individual diVerent beast but I would say there are probably
projects, saying, “How much would this project cost, about 20 of those as well.
this tidal power project, and how many tonnes of
carbon would it save for us over a certain time

Q82 Chairman: Does the IPCC rely upon someperiod?”, and you can see if the cost of saving that
models rather than others? What do they use?carbon is less than the social cost that you have just
Dr Hope: They try, when looking at integratedcalculated, or you can take perhaps a more economic
assessment models, to take the same kind ofapproach and say, “We have got this estimate of the
approach as they do with the scientific and economicsocial cost of carbon and other gases. Can we have
information they get, which is to invite in as manysome sort of economic incentive which will allow the
people as they can who have something sensible tomarket to deal with this by imposing either a tax or a
say. The schools of modelling tend to be a group oftradable permit?”, which has its own price if you are
people in the United States with Bill Nordhaus andgoing to emit a tonne of carbon or a tonne of methane
Hadi Dowlatabadi, who build these kinds of models,and you have to either pay the tax or buy one of these
which tend to be more of the optimising models, intradable permits, and that will then give you an
the United States. There is a school of modellingautomatic incentive to build projects like tidal power
which occurs in Europe—Richard Tol in Hamburg,beyond their normal incentive of just generating
there is the PAGE model here in the UK, and thereelectricity.
are models that come out of Japan. All of those have
been incorporated into the IPCC.

Q79 Lord Macdonald of Tradeston: Is it possible to
build a model of mitigation when you consider that in Q83 Lord Sheldon: The basic problem seems to be
1900 we would have had very little idea of what might that of population and damage to population. I
have been feasible a hundred years on in the year imagine that is by far the largest important element
2000, and that if you go back to 1800, of course, most that you take into account and have to account for.
of what we are doing now would be almost Which are the biggest population problems that you
unthinkable? Since you have got a couple of hundred have seen? We know that Bangladesh is an obvious
years of historical record can you not make a one. What are the others? Can you give us some
projection based on some probabilities about what indication? Indonesia is one. What are the other ones
new technologies would produce which would allow that worry you most?
us to mitigate before the worst consequences happen Dr Hope: It certainly looks as though over probably
in 50 or 100 years’ time? the next 50–100 years the major impacts of climate
Dr Hope:Yes, you certainly should be trying to build change, the most severe ones, will be likely to be from
models of mitigation and not just mitigation but also sea level rise. Sea levels rise because the oceans
models of adaptation, because whatever we do within expand and also because you maybe get a melting of
the realms of plausibility to try and mitigate the ice which leads to sea level rise. We might be talking
problem and cut back the emissions of gases, we are about a sea level rise of a metre or so. Therefore, the

most vulnerable populations are likely to be the onescommitted to a certain amount of temperature rise,
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Dr Hope: Yes, areas of Latin America typically thatthat are in the low-lying areas and that is why
Bangladesh is particularly vulnerable. The other are the border areas where people are trying to live on
populations that are likely to be at risk are in areas the margins. They are the ones that would tend to be
where you are already at the margin of liveability. aVected, mainly because the adaptive capacity is
The temperature is so hot and the air is so dry that it lower there. You can assume that in developed
is almost impossible to live there and grow crops or countries, such as Europe and North America and
have livestock. Those areas are the ones that are other parts of the OECD, if we were to have, say, two
likely to be hit if the temperature rises by two to five or three degrees centigrade temperature rise, we
degrees and if the rainfall patterns are altered. That would be able to adapt to it fairly well, but that scale
would be African populations typically. In the of temperature rise would be almost impossible to
integrated assessment models, when you look at the adapt to in Asia, in Africa and in parts of Latin
diVerent regions, by far the biggest impacts (both in America.
absolute terms and also as a percentage of GDP)
occur in Asia, in Africa and Latin America tends to
be the third. The impacts in the developed world

Q85 Lord Sheldon:What parts of Latin America areoften are under one per cent of GDP by 2100. The
you thinking of?impacts in Asia could be well over 10 per cent of GDP
Dr Hope: It tends to be areas of Brazil and Centraland maybe up to 20 per cent of GDP or more if we do
America, areas which are already on the margins ofnot take some serious steps to cut back the emissions
liveability, and vunreable to extreme climate events.and therefore lower climate change.
Chairman: Thank you very much indeed. We are
most grateful to you for coming along and answeringQ84 Lord Sheldon: You mentioned Latin America

which rather surprised me. our questions. We have all learned a lot from it.

Supplementary memorandum by Dr Chris Hope, Judge Institute of Management,
University of Cambridge

1. There has been some concern expressed about the accuracy of the emission scenarios from the IPCC Special
Report on Emission Scenarios (SRES). All of the results from PAGE that use an unconstrained emission path
are based upon scenario A2 from the SRES. This note shows the eVect of making an extreme assumption
about the inaccuracy of scenario A2, namely that global emissions of all greenhouse gases and sulphates in all
future years are only half the values assumed in Scenario A2 from the SRES. The emissions of CO2 that result
are shown in the figure below; note that they are below the year 2000 emissions until 2040.

Emissions of CO2 by date
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2. How does this extreme assumption aVect the concentration, radiative forcing, temperature and impacts in
future years? The figure below shows the mean values from the PAGE model for these variables by date,
expressed as a proportion of the mean values from running PAGE with the A2 scenario from the SRES.

Mean results from halved emissions by date
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3. The emissions are at 50 per cent of the A2 values throughout, as this is the assumption that we are making.

4. The concentration of CO2 in the atmosphere is 88 per cent of the A2 value in 2040, and stays above 66 per
cent of the A2 value all the way through to 2200. This is because past emissions stay in the atmosphere for
many decades, and so it takes a long time for the lower future emissions to have an eVect.

5. The radiative forcing from the greenhouse gases is 79 per cent of the A2 value in 2040, and never drops
below 75 per cent of the A2 value. It is below the CO2 concentration line for most of the next century because
the radiative eVects of the shorter-lived greenhouse gases such as methane disappear from the atmosphere
much more quickly than CO2.

6. The global mean temperature is actually higher than the A2 value until 2020, as the short-term influence
of the lower sulphates outweighs the longer-term influence of the greenhouse gases. Sulphates cool the
atmosphere, so if there are less of them, the global mean temperature will be higher. By 2040 the global mean
temperature is 92 per cent of the A2 value, and it never drops below 78 per cent of the A2 value.

7. The impacts of climate change are likewise higher than in the A2 scenario until 2020, and are 86 per cent
of the A2 value in 2040. By 2200 they have dropped to 59 per cent of the A2 value, as impacts are more than
a linear function of temperature.

8. The net result of all this can be seen in the mean total impacts aggregated over time and discounted back
to the present day, which are shown in the table below. The mean value of $45 trillion is 59 per cent of the A2
mean value of $76 trillion. Of more immediate policy relevance is the social cost of carbon, which is the benefit
of reducing today’s emissions of carbon by one tonne. As the table shows, the mean value for the social cost
of carbon is essentially identical to the A2 value.
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Mean values of impacts and social cost of carbon, by scenario

A2 from SRES Half A2
Total climate change impacts $76 trillion $45 trillion
Social cost of carbon $43 per tonne $43 per tonne

9. This insensitivity of SCC to the emission path is rather counter-intuitive and is a strong argument for using
an integrated assessment model, as neither a scientific nor an economic model would pick it up. I explained it
more fully in paragraph 10 of my written evidence. It essentially means that any inaccuracy in the emissions
of the SRES scenarios, even as extreme as an overestimation of emissions by a factor of two, is irrelevant for
policy decisions that we need to take today.

11 February 2005
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TUESDAY 25 JANUARY 2005

Present Elder, L Marsh, L
Kingsdown, L Sheldon, L
Lamont of Lerwick, L Sheppard of Didgemere, L
Lawson of Blaby, L Wakeham, L
Macdonald of Tradeston, L (Chairman)

Memorandum by Professor David Henderson, Westminster Business School

1. I am currently a Visiting Professor at Westminster Business School, which is part of the University of
Westminster. I have a similar appointment, though the connection is less close, at the London School of
Economics and Political Science. I am here today in an individual capacity: I do not speak for any interest
or organisation.

2. I greatly welcome this invitation to appear before the Committee today. I believe that the Committee’s
choice of subject is timely, and that it has opened up an opportunity for the Committee to make an
important and distinctive contribution—indeed, a unique contribution—to public discussion and the
conduct of public policy.

3. I have already sent to the Committee, by way of evidence, a short article of mine which has just been
published in the quarterly Newsletter of the Royal Economic Society.15 The article is entitled “The
Treatment of Economic Issues by the Intergovernmental Panel on Climate Change”, and it summarises the
reasons why I and others consider this treatment to be at fault. In this present note, I would like to add
three further observations to supplement what is said in the article. All of these arise from points raised
in the Committee’s first two meetings, which I attended as a spectator.

4. The first of my three headings is that of peer review. Sir John Houghton, in his evidence to the Committee
last week, made the point that all the chapters in the four weighty volumes that comprise the IPCC’s Third
Assessment Report had been meticulously reviewed: he referred to the Report as having cleared “the highest
possible hurdles”, including intergovernmental review. But sections of the Report which deal with topics
in my own area of interest make what many economists and economic statisticians would regard as basic
errors; and in doing so, they have shown a lack of awareness of relevant and well known published sources.
I would add that the same is true of documents issued through the IPCC process more recently, and also
of material published not long ago by one of the IPCC’s two parent agencies, the United Nations
Environmental Programme. I believe that in its treatment of economic issues the IPCC process, including
the intergovernmental reviews that Sir John Houghton referred to, is neither professionally watertight nor
professionally representative. Building in peer review is no safeguard against dubious assumptions,
arguments and conclusions if the peers are all drawn from the same restricted professional milieu.

5. It may be—though this goes outside my area of competence—that the IPCC peer review process is
likewise under challenge in the debate that is now in progress about the validity of the famous “hockey-
stick” diagram which Lord Lawson referred to in the Committee’s first meeting, and which is prominently
displayed both in the IPCC’s Summary for Policymakers and on the opening page of the British
government’s recent White Paper on Energy. The Committee may wish to keep an eye on the debate, if
only because of the weight that has been placed on this particular piece of evidence.

6. My second heading also concerns the issue of inclusiveness and representation. I was struck by a question
that Lord Macdonald posed in the course of the Committee’s first hearing. He asked Professor Robinson
whether he thought that there was scope for a diVerent view from that of the IPCC, and if so, who would
provide it. I would answer Yes to his first question. Through becoming a critic of the Panel’s treatment
of economic issues, I have come to query the IPCC process in general.

7. By the IPCC process I mean the preparation and publication of the Panel’s Assessment Reports, the
fourth of which, AR4, is now in progress. Work on these documents involves a small army of participants—
authors, contributors, reviewers, critics and commentators. These make up what I call the IPCC milieu.
15 Not published here.
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8. Both the process and the milieu are now firmly in place. IPCC member governments have shown no
disposition to question or amend them in the context of AR4, and the new report is likely to bear a close
family relationship to its predecessors. This oYcial backing for the IPCC is understandable. Since it was
established in 1988, the Panel has come a long way. It has successfully produced three massive and agreed
reports, covering a wide range of complex issues; it has secured for these reports and their conclusions the
endorsement of its many and diverse member governments; it has informed the thinking of those
governments and prompted decisions by them; it has created, and gained approval for, a well defined set
of procedures for conducting its work; and in relation to issues of climate change it has become the sole
source of information and advice that its member governments treat as authoritative. Its many participants
and outside supporters can argue that it has created a world-wide consensus.

9. This state of aVairs leaves me uneasy. As to the economic aspects of its work, I hold that the IPCC
should not be viewed as a professionally representative and authoritative source; and I have come to feel
similar doubts and concerns about aspects other than the economic one. In particular, I share the concern
voiced not long ago by a leading Australian climate scientist, Dr John Zillman, who was for many years
a member of the IPCC Bureau. Zillman has expressed the view that the Panel has now become “cast more
in the model of supporting than informing policy development”16.

10. I would now question the idea that the IPCC has established a well-founded consensus across the whole
range of issues relating to climate change, and indeed I doubt whether the achievement of such a consensus
ought to be the aim. I have come to believe that the status that the IPCC has acquired, as an established
monopoly provider of information and advice to governments, should be held in question.

11. My third heading relates to another pertinent question that was put by a Committee member in the
Committee’s first hearing, namely, whether the British government could improve both the IPCC process
and its own role within that process. Again, my answer is Yes. Further, I think that the Committee’s report
could help to bring about such a double improvement.

12. In relation to the economic issues, I hope that the Committee will inquire closely into the way in which
these have been handled, and are being handled, not only in the responsible Department, the Department
of the Environment, Food and Rural AVairs (DEFRA), but also in the Treasury and, in relation to one
of the issues at any rate, the OYce of National Statistics.

13. Among other aspects, it would be useful to know what these several departments have made of the
criticisms of the IPCC’s work that have been made by me and others. In the House of Lords last April
Baroness Ribbleton, replying to questions posed by Lord Taverne and Lord Lawson, said that “the views
expressed by Mr Castles and Mr Henderson were considered extremely carefully both by the Government
and by the IPCC”. The Committee could ask to see the document in which the results of the government’s
careful consideration were recorded. These results have not been communicated to me.

14. On the economic side, a prerequisite is that the Treasury should become more engaged. Both here and
elsewhere, such an involvement on the part of economics and finance ministries is long overdue. As an
article in The Economist put it, just over a year ago (8 November 2003):

“You might think that a policy issue which puts at stake hundreds of billions of dollars of global
output would arouse at least the casual interest of the world’s economics and finance ministries.
You would be wrong”.

It is high time for this situation to change, and for central economic departments of state to give due
attention to the IPCC process.

15. Fortunately, a straightforward means to this end is available. For the economic departments and
agencies in the OECD member countries, an instrument is to hand for their prompt collective involvement:
it is the OECD itself. They should act now to ensure that IPCC-related economic issues are placed on the
agenda of the OECD’s Economic Policy Committee.

16. Finally, I would like to say why I attach so much significance to the Committee’s inquiry and the report
that will result from it, why I think that they could represent a breakthrough. Here I would stress two
aspects in particular.

17. First, there is the British aspect. The Committee can throw much-needed further light on the thinking
and procedures that have entered into both the British government’s treatment of IPCC-related issues and
the policy stance that it has taken on those issues. Because of its formal status, as also the standing of its
individual members, the Committee cannot be ignored or brushed oV by the oYcial world, as outsiders can.
16 Zillman, J W, Bulletin of the Australian Meteorological and Oceanographic Society, 2003, Vol 16:85.
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18. There is also a more general aspect. The Committee can do a great service to public discussion and
enlightenment, not only in this country but across the world, by accepting and acting on a simple though
admittedly contentious guiding principle. It should treat as still open a range of issues which the IPCC and
its member governments now consider as closed.

21 January 2005

Examination of Witness

Witness: Professor David Henderson, Westminster Business School, examined.

Q86 Chairman: Professor Henderson, first of all, Why is it that the SRES should not be given the
status? First, because five years have gone past sincewelcome to the Committee. I think I have spied you

in the background on earlier occasions but you are the work was done, five more years will pass before
another such exercise as elaborate can be undertaken,welcome to come to talk to us and we are grateful to

you for the written information you have given to us and there is a need to check what has happened
against actual events. Second, there are a lot ofwhich has been very helpful. As on all these

occasions, we hope we will ask the questions unsolved questions yet, one of which relates to
emissions projections. Another such question wassuYciently succinctly and that you will give us not

too long an answer to each one so that we will get raised by Lord Skidelsky in your session two weeks
ago and relates to the issue of probabilitythrough as much as possible. Before we ask the

questions, is there anything you want to say at the assignments for the scenarios. A third, which features
large in my mind, is that major mistakes in approachbeginning?

Professor Henderson:Only, my Lord Chairman, that I are still there, in particular, the mistake of making
inter-country comparisons of output and GDP onthink this is a very important inquiry and I am

pleased and honoured to have the opportunity to the basis of market exchange rates; that has not been
changed and is a serious weakness. The fourth reasontake part in it. Having said that, I am very happy for

you to go straight ahead with your questions. is that what I might call the milieu of the Special
Report is not representative of economic and
statistical thinking generally. That is true of theQ87 Chairman: Thank you very much. If I may, I
authors, equally it is true of the reviewers. The rangewill start the ball rolling by asking the first question.
of participants should be increased. Last, and this isIn your writing, you have focused on two main issues
a personal bee in my bonnet, the whole Report, whichrelating to the global warming debate, the IPCC’s
is a very lengthy one, and all the IPCC’s work in theirprojection of greenhouse gas emissions and the IPCC
very lengthy reports, has no systematic review ofprocess. Taking perhaps the emissions projections
what has happened in the past: the historical aspect isfirst, I wonder if you could summarise for us your
missing entirely. I think that a very usefulcriticisms of both the processes?
contribution to public enlightenment has not beenProfessor Henderson: If I may, my Lord Chairman, I
made, an opportunity has been missed. For all thosewill answer a slightly wider question and come back
reasons, which are independent of the specificto the specific point about emissions, for reasons
projections of emissions, I would question whetherwhich I think I can make clear. The criticism we have
the SRES should continue to have their status.made is not just about the specific projections of

emissions that emerge from the Special Report on
Emissions Scenarios, it is a broader critique of the Q89 Chairman: Are you able to indicate, briefly,

what the eVect has been of them proceeding in a waySpecial Report as a whole, part of which extends to
other aspects of the IPCC process. If you like, I can you find unsatisfactory? How serious is it for the

end results?enlarge on that a little.
Professor Henderson: If I am right, it means that all the
economic aspects of this process are not being dealtQ88 Chairman: Yes, please do.
with in a way which is suYciently professional andProfessor Henderson: In its recent Report, the IPCC
representative. Just how much eVect that would havehas determined that the Special Report on Emissions
on the outcome is a diVerent question and a veryScenarios, and let me call it the SRES from now on,
debatable question, and one which has not yet beenprovides a satisfactory basis for the Fourth
cleared up in the technical arguments which haveAssessment Report which is now in the course of
been going on.preparation. I think, and those who think like me

think, that is not so. The reasons go beyond the
question of emissions projections, and indeed if I Q90 Lord Lawson of Blaby: May I take you up on

one of your points, which I think you said was a beewere writing the critique today I would put less
emphasis on that aspect, for reasons I can explain. in your bonnet, about market exchange rates. What
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Could you just enlarge on that and say precisely whatthey seem to be saying is that, alright, it is normally
used nowadays in all the international comparisons, you would like to have seen reviewed?

Professor Henderson: Certainly, Lord Lamont. Iit is accepted that in all international comparisons
purchasing power parity should be used rather than should say to the Committee, this is a personal view

of mine and not one that I would put forward asmarket exchange rates. What they are saying is
“Well, of course, what we’re really talking about is representative. I think that any such inquiries that

IPCC embarked on, and the Special Report oninter-temporal comparisons, we’re talking about
things happening over time, and there it really Emissions Scenarios embarked on within it, ought to

have contained a careful examination anddoesn’t make any diVerence whether you use market
exchange rates or purchasing power parity.” As I presentation of past trends and all the things that are

of interest, a very wide range of things that are ofunderstand it, that is their argument. Before we get
into the question of which it should be, what interest, an informal commentary on those trends,

and comments on the ways in which this analysisdiVerence does it make, in practice?
Professor Henderson: I think the best way of could throw light on the future. There is no such

thing. None of the participants, as I see them,illustrating that perhaps is from a rather sharp letter
that I wrote last year, which I might quote from certainly on the economic side, is historically minded.

No economic historian has been asked to take partperhaps: this was in April last year, my Lord
Chairman. I wrote to express the concern that in this.
“Michael Howard”—that is our Howard, not the
Australian one—“is quoted in today’s Times as Q94 Lord Lamont of Lerwick: There have been
saying the Chinese GDP is now close to that of analyses of emissions and of temperatures?
Britain.” I wrote to say that Mr Howard should Professor Henderson: Yes, but they are all looking
know, or his advisers should know, that is a very forward.
questionable and indeed misleading statement: the
more accurate statement would be that the Chinese Q95 Lord Lamont of Lerwick: I thought, of the past?
GDP now is probably more than four times that of Professor Henderson: If you look at the SRES, you will
Britain. So that one’s picture of the world is altered find very little on this. I would have liked it to be
very considerably, if one takes a PPP comparison almost a separate exercise. To repeat, this is my
rather than a comparison in market exchange rates. personal line.
Chairman: That is a fairly startling statement, for
some of us anyway. Can you elaborate on that?

Q96 Lord Lamont of Lerwick: Certainly in the
evidence we had from Sir John Houghton there was

Q91 Lord Marsh: Can I ask a question on that? As a lot about the past?
I understand it, the generally accepted Chinese GDP Professor Henderson:There is not much about the past
growth rate at the present time is around 8 per cent, presented in the sort of way that I would like, with
or so, per annum, which a lot of people believe is an facts, figures, analysis, commentary, and even in the
exaggeration. Report of WG1, with which of course Sir John was
Professor Henderson:The growth rate, yes, that is true. very closely associated. Perhaps I am asking too

much of that. As I say, it would have been part of
Q92 Lord Marsh: Are you saying that is much public enlightenment and it has not been provided.
faster?
Professor Henderson:That is a good question. I am not Q97 Lord Macdonald of Tradeston: Professor
querying the growth rates, which are certainly high Henderson, I am just looking at this IPCC press
though there is room for argument about exactly release, which counter-attacks and talks about
what they are. What I am saying is that the level disinformation and criticism mounted by two so-
which the Chinese economy has reached now, of called independent commentators, actually it
course—largely as a result of these very high growth dignifies it by C and H, and goes on to quote some
rates—is such that its GDP, on the best estimate I other academics who became critical of you and of
could produce for the Committee, is about four times you and Ian Castles. That includes Professors Manne
that of Great Britain and more than twice that of and Richels in California, Professor Richard Tol in
Japan, which is normally reckoned to be the second Hamburg, Drs Alfen and Holtsmark in Norway.
largest economy in the world, if, which you should Obviously, they have got quite a heavy group of
not, you judge by market exchange rates. academics lined up in criticism of yourself and Ian

Castles. Have you anything to say in reply to that?
Professor Henderson: Yes; a small point but aQ93 Lord Lamont of Lerwick: I wonder if I could

pick up one of the points you made when you were significant one. The only authors that are mentioned
in the press release are Manne and Richels and thatcriticising this and you said there had been no

systematic review of what had happened in the past. refers to an article which has already been subject to
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convergence there because there is some historicalrevision. I think it was mentioned, if I may be a little
malicious, on the principle that my enemy’s enemy is evidence to suggest this is likely to happen, or is it just

an assumption made because it would be nice if it didmy friend or my critic’s critic must be right, so that
has not weighed on me very much. The Norwegians happen? The third question is—and you know the

IPCC system process backwards, I do not—is thiswhom you mentioned have made a very good point,
which we may well come to, but that is not mentioned convergence a kind of average of the poor countries

of the developing world, or does it happen to eachin the press release. On the press release, I would
make three points. First, I have not lost a wink of country, does each country converge, all together? If

it is an average, are they saying that those who runsleep over those references you quoted. I lost a few
winks, or a few winks were put in jeopardy, by three their economies most successfully, most intelligently

and with a minimum amount of corruption will doother features of that press release, in ascending order
of importance. One, in its first paragraph it exudes far, far better than the developed world, to oVset the

fact that those who run their economies in acomplacency. Two, there is a reference later on to this
question of PPP versus MER, in which they say that shambolic way with masses of corruption—and I do

not want to name countries but we know plenty thatthis is no diVerent, it does not change the economy, it
is like measuring temperature in Celsius or do this—presumably are not going to converge, so

the others are going to have to overtake everybodyFahrenheit. I just put it to the Committee that
whether the GDP of China is roughly equal to that of else? How do they work this?

Professor Henderson: If I could answer Lord Lawson’sthe United Kingdom or four times as great goes
beyond questions of Celsius versus Fahrenheit. This last question first, because it is the simplest, my Lord

Chairman. The projections are made on the basis ofis not trivial, it is not non-substantive. Last, this did
worry me, as a bureaucrat. I am an ex-oYcial and I regions and there are two regions of developing

countries. Nothing is said of individual countries,did not like to see the following incongruity, that the
IPCC has said, formally and in writing and it has nothing is said about the questions you raised about

possible misgovernment or good governance. Thesebeen repeated, that it would not reply to criticisms of
the SRES, but this is a reply and it was not just a are aggregate projections for whole areas of

developing countries; one is for Asia, the other is forpersonal inspiration on the part of the Chairman.
First, he is the Chairman. Second, it appeared with Latin America and Africa and the Middle East. To

my mind, that is not objectionable, that is not a worrythe IPCC logo. Third, you can find it now on the
IPCC website, in a slightly less impolite form than the on my part. I think it is quite reasonable to look at

groups of countries and make aggregate projections.original, as one of only two press releases which the
IPCC issued for the calendar year 2003. I wonder It is also not only reasonable, but I think what most

of us would want, that convergence is built into thesewhat these oYcials are paid for, whether they mean
what they say—that the IPCC does not wish to reply, projections. Lord Layard made the point, two weeks

ago, I think, that in fact we would expect convergenceas such, which I would respect, or whether they stand
by what they put on their website. from good arguments in theory and from experience.

Q98 Lord Macdonald of Tradeston: And Professor Q100 Lord Lawson of Blaby: What do you mean by
Richard Tol of Hamburg, whom I believe we might convergence?
be talking to at some future point, do you have a Professor Henderson: Convergence of real income per
response to that? head, GDP per head, as between the poor regions and
Professor Henderson: There are interesting technical the richer.
issues which I am rather looking forward to
discussing with your Special Adviser, Professor

Q101 Lord Lawson of Blaby: I am sorry but I thinkPearce. The only critics who count, to my mind,
we need to be clear about this. Is convergence justsuYciently for it to be worth considering today, are
that the gap reduces or that the gap is eliminated?the Norwegians, for reasons which I can explain.
That is what I am trying to get at.
Professor Henderson: The gap is progressively reduced

Q99 Lord Lawson of Blaby: Professor Henderson, until it becomes quite small.
let me ask you the question about the IPCC’s Lord Lawson of Blaby: Over the next 100 years.
assumption of the convergence of incomes per head
in the developing and the developed world over the
next 100 years. There are a number of questions in Q102 Lord Sheldon: This is all a politically correct

way of putting it, is it not, over 100 years, whichthat area. The first is, like the question I asked earlier
but I do not think you answered it quite, what nobody can ever guess at, and that you have got a

politically correct solution, that everybody is going todiVerence on the convergence front does it make
whether you use market exchange rates or be happy altogether in 100 years’ time? The optimism

underlying this is really quite astonishing.purchasing power parity? The second thing is, is this
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historically of the rate of growth over the past 100Professor Henderson:There is an element of that, Lord
Sheldon, but let me say first that you would expect, it years?

Professor Henderson: I have looked closely at only theis reasonable to expect, in the light of both theory and
experience, that for poorer countries, generally next 30 years, which, for me, we should be giving a

bigger weight than what happens afterwards, thoughspeaking, at least that the potential, given the
conditions that Lord Lawson emphasised, is there. your question is perfectly reasonable. Over the next

30 years, if I am right, and I have a table which I canTo that extent, I do not think it would be fair to say
give to the Clerk, the projections are higher thanit was political correctness. However, if you look at
those of others.the reasons which the scenario-builders have built in

for this overtaking of the rich by poor countries, there
was an element which you could describe in that way. Q105 Lord Lawson of Blaby: That was not the
In some of the scenarios they assumed that there was question I asked you. How does the rate of growth
an element of equity, and by equity they meant which they are projecting compare with the rate of
policies which would be aimed at closing the gap and growth in the past?
would succeed in closing the gap. We say, and I think Professor Henderson: It depends on the period you
it was a fair criticism, that it is a strange way to take. It is faster over the next 30 years, but I would
project the future on the basis of events which would not criticise the scenario-builders necessarily for
make the world a better place if they happened, taking the rates of growth which they have. I would
rather than looking at what might or is likely to criticise the way in which they have arrived at the
happen. It remains the case that the idea of poorer results, in terms of a faster rate of growth over the
countries catching up the richer is a perfectly next 30 years, if I am right, than almost any other
reasonable one to entertain. people looking forward have decided on.

Q106 Chairman: When you say, other peopleQ103 Lord Lawson of Blaby: Would you like to
looking forward have decided upon, what do youanswer the other bits of my question?
mean by that?Professor Henderson: Yes. With apologies for turning
Professor Henderson: In the table, I have put togetheryou upside down, Lord Lawson, in my book it makes
and my co-author has put together a set ofno diVerence what assumptions you make about
projections of growth for developing regions over theexchange rates in projecting growth rates because
next 30 years, from scenario-builders and others,such assumptions are not relevant. This is one of my
and, in that, all but one of the SRES scenarios comebasic disagreements with the model-builders. It
out as much the highest. That is not to say they aremakes a diVerence to them, for the following reason,
wrong, but only that they are a bit out of line. Onethat if you take market exchange rates as the basis for
reason why they have gone that way, I think, iscomparison, in the year 1990, from which they start
because of their very questionable starting-point.and from which the process of built-in convergence

operates, poor countries are shown as very much
Q107 Lord Elder: In the processes of Integratedpoorer than they really are. The gap is greatly
Assessment Models there is the transmission fromoverstated. China is one of them but it applies to all
emissions through to warming through to economicdeveloping countries. They have built in an
damage, as we understand it. I would be grateful foroverstated gap and the convergence they build in
your views on the view expressed to us by Dr Hope,involves the closing of that overstated gap, so they
that even if emission scenarios are pretty significantlyhave given themselves reasons for a much faster rate
in error it makes little diVerence to the proposed rateof convergence than they would have had if they had
of warming?not started from market exchange rate comparisons.
Professor Henderson: I will make two comments. First,Does that answer your question?
I was a little surprised when, I think it was, Dr Hope
said that it would make little diVerence, because the

Q104 Lord Lawson of Blaby: Yes, I think it does. second working party, WG2, of the IPCC has a
The question I was about to ask, relating to your diagram prominently, right at the beginning of its
previous answer, and I apologise for interrupting you report, in which it shows how the emissions feed into
when I should not have done, was that you said in an quite large diVerences in impacts. I have given a copy
earlier context a moment ago you regretted that there of the diagram to the Clerk. I was a little surprised. I
was not enough economic history, that it was all thought that Working Group, in fact, put a lot of
looking at the future, and so on. On the vision of weight on the emissions. Our criticism of the SRES,
economic history, how does the rate of growth of the in this connection, was that it exaggerated the likely
poorer countries, the developing countries or these emissions projections because of the high levels of
two regions that you were talking about, over the growth that it had attributed to developing countries.

Now I think that has been overdone, for reasonsnext 100 years compare with what we know
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Professor Henderson: It is not a proportion, it is awhich I can explain and which do not make me feel
any more kindly towards the projections. ratio; they do not have to be the same units.

Q113 Lord Sheldon: Is the personal consumption ofQ108 Lord Elder:Would you like to explain, please?
Professor Henderson: Forgive me, Chairman, if I electricity as a proportion of industrial consumption

of electricity much the same in China as it is inbecome a little more technical than I would like. It is
hard to avoid, and please stop me if you think I am Western countries?

Professor Henderson: It is not the case, in my opinion,taking too long over this. If we start with the
assumption, which I believe to be correct, that the that poor countries use energy ineYciently in relation

to GDP.GDP per head of poor countries was greatly
understated by the use of market exchange rates, then
an interesting conclusion follows. Let me illustrate it Q114 Lord Sheldon: Or in diVerent ways?
by looking at China. If you take Chinese GDP as a Professor Henderson: In diVerent ways, certainly, if
proportion of world GDP at PPP rates, it is about you look closely. But if you underestimate GDP, you
one-eighth. If you take it at market exchange rates, it overestimate the extent to which the countries for
is about 4 per cent; a big diVerence. Chinese which you are underestimating the GDP are using
electricity consumption and supply on the latest energy in a more lavish way.
figures, was about 12 per cent of the world total;
those are International Energy Agency figures. If you Q115 Chairman: We still come back to the central
look at those figures, what conclusions do we draw? point that if the GDP of these underdeveloped
I would draw the conclusion that those figures are countries is significantly higher than we are led to
consistent with the view that China’s GDP is 12 per believe, a sovereign of convergence is not as dramatic
cent and not 4 per cent of the world total. The as it might appear?
scenario-builders draw the conclusion that Chinese Professor Henderson: Indeed. Can I just finish my
energy use is very ineYcient. The ratio of energy to regrettably technical answer?
GDP appears higher because they take a much lower
figure for GDP. There is more than one international Q116 Lord Lamont of Lerwick: Averages would be
agency, I am sorry to say, which has published GDP per head?
analyses which purport to show that what you might Professor Henderson: I still have not answered Lord
call the energy-eYciency of developing countries is Elder fully, I think. Let me put it this way. If we are
much lower than that of rich countries because they right, and I think we are right, the initial gap in GDP
have taken these low estimates, invalid estimates, of per head between poor and richer countries in 1990
poor countries’ GDP as a starting-point. has been greatly overestimated. By the same token,

what I might call the energy-eYciency has been
Q109 Lord Lawson of Blaby: Let me try to greatly underestimated. In the process of projecting
understand this a little better. Are you saying that large increases in GDP per head for poor countries,
they measure the GDP at market exchange rates and the model-builders build in a very rapid process by
the energy consumption at PPP? which energy in relation to GDP declines. They are
ProfessorHenderson:No. Energy consumption is what closing what I might call an imaginary energy-
it is. It is in kilowatt hours, and other physical units. eYciency gap. That is the nub of the Norwegian

criticism. But what we have written, and I think they
Q110 Lord Lawson of Blaby: That is the equivalent are right.
of PPP because you are putting it in real terms?
Professor Henderson: PPP does not enter into the Q117 Lord Kingsdown: Can we turn to the IPCC
energy measure. You are relating the physical energy process. Sir John Houghton told us, I think, that the
measure to GDP. peer review process there is very extensive and

involves seemingly hundreds of scientists and
Q111 Lord Lawson of Blaby: You have to express economists and all sorts of people. How confident are
the energy consumption in money terms, do you not? you that this results in the best of the science and the
Professor Henderson: No. It is physical, just as best of the economics being heard?
emissions are physical, just as CO2 concentrations are Professor Henderson: As for science, I would hesitate
physical. The energy is measured, normally, in to respond, Lord Kingsdown. As to economics, two
million tonnes of oil equivalent. points. First, the economists, people concerned with

the economic work, are not very representative of the
profession, partly because the main actors in theQ112 Lord Lawson of Blaby: How do you measure

million tonnes of oil equivalent as a proportion of scene, and quite rightly given the approach that was
decided on, are scenario-builders. Scenario-buildersGDP unless you express the million tonnes of oil

equivalent in money terms? are not very representative in the profession because
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been a good idea to involve people from Nationalpeople who are bold enough to look 100 years ahead,
and good for them that they do, are not very Statistical OYces in the kind of process which has

been going on.representative of a profession where most of us are
uneasily conscious that we cannot predict what is
going to happen in six months and in any case are Q119 Lord Sheppard of Didgemere: Professor
looking at other things. The range of economists Henderson, we have heard today and also read, of
directly involved and economic statisticians directly course, some of the public responses of the IPCC to
involved is less wide than I would like to have seen. some of your criticisms of both processes and the
In relation to the economic aspect, I would say, to actual scenarios. Do you want to lift the curtain just
comment on what Sir John Houghton said, that there slightly and tell us what has happened behind the
is good reason to question both the authority and the scenes? Do you get the feeling that they have actually
representative status, and the claim to that status that taken your criticisms seriously, have they debated
the IPCC makes on its own behalf. I do not question them properly with you?
the numbers of people involved, they are correct. I do Professor Henderson: I think there are two diVerent
not question that the procedures are meticulously answers to that. First, as far as the scenario-builders
followed, I expect they are. I certainly do not are concerned, they took our criticism seriously, they
question that peer review takes place, it does. As a wrote a long article explaining why they thought we
result of looking at this—to my surprise, while two were wrong, and they wrote another long article in
and a half years ago I had no idea I was going to be response to the article with which we had followed up
involved in these issues—I have come to feel that our first one. There is no question that they have
building in peer review is no safeguard against taken this seriously and they have presented their
dubious assumptions and procedures and case quite fully. They have not in the least tried to
conclusions if the peers are drawn from much the brush us oV; on the contrary, they were upset, and
same milieu, as I think has been the case. very understandably so. My professional career now

extends to nearly 60 years, but it is the only time I
have had to write an article at the end of which I putQ118 Lord Kingsdown: It sounds almost as though
in a little appendix on questions of protocol andthe longer the scenario and more unreliable the
conduct. I do not blame them for that. Now if we turnoutcome the more, dare I say, adventurous are the
from the scenario-builders to the IPCC in general, iteconomists who are involved in it?
is perhaps another story. I thought that press releaseProfessor Henderson: True, but I would not reproach
was a very surprising document, for reasons I havethem for adventure. That was what they were asked
mentioned, and the IPCC clearly has taken the lineto do and I do not reproach them. Personally, I hope,
that what we are saying, insofar as it is not wrong, isif I may express the hope, my Lord Chairman, that if
unimportant. I am not saying necessarily that wasthe Committee has time they will call the lead author
wrong, but I do think the whole process which I haveof the scenario report, Professor Nakicenovic, and
described is one which is less representative and lessgive him the chance in person of saying what he
thorough than they claim.thinks of these criticisms. I would not reproach them

for that. I do think that the whole process on this side
Q120 Lord Sheppard of Didgemere: I do not knowhas been designed in a way which does not let in
how you measure the audience, or the familypeople, I am not saying necessarily deliberately, who
audience, but are you winning or losing the debate?may have contributed something diVerent. One such
Professor Henderson: You would have to ask a morevoice is that of the national account statisticians, and
neutral observer.one of our strongest supporters, in fact, in the

interesting controversies we have been engaged in, in
learned journals, with the scenario-builders and Q121 Lord Sheppard of Didgemere:How does it feel
others, is in fact an eminent, now retired, statistician to you; you are not about to give up, are you?
from Statistics Canada. Perhaps I could quote what Professor Henderson: For me, if I were stating the case
he said in the course of this and this was in an article now, I would make two changes in my arguments.
which I think I have already given to the Clerk. He They do not weaken the arguments, in my opinion, I
said: “I cannot help being shocked by the contrast would just state it in a diVerent way. First, I would
between the scenario team’s bold assertions and withdraw the criticism, or, at least, not emphasise it
peremptory dismissal of the arguments advanced by so much, that the scenario-builders’ procedure
Castles and Henderson and their manifest ignorance exaggerated emissions projections. The reasons are
of the conceptual and practical issues involved in rather complex reasons, which I will try to sketch out.
developing and using inter-country measures of In fact, they have a built-in, legitimate, non-
economic product.” That is one specialist exaggerating factor and I had not taken account of
complaining about others, but I do think, and Castles that, the Norwegians pointed it out, so I would not

protest. For reasons I have stated at the beginning,himself had argued for this before, that it would have
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Q124 Lord Sheldon: Would you have settled for 30that does not weaken the other reasons I have for
thinking that the SRES should not be taken, as it is years rather than 100 years, is the answer?

Professor Henderson: I would have said, “Let’s lookbeing taken, as the basis for the Fourth Assessment
Report. The other point I would make is, and this is very hard at 30 years and let’s not do so on the basis

just of the people you have involved now,” I am toldsomething, as counsel for the defence for the
scenario-builders, I would certainly argue, when we there are now 800 members of the Government

Economic Service. Allow me to boast. Two score andwrote we said, “Look, you’re ignoring clearly-stated
doctrine on the use of PPP. Nothing could be clearer four years ago I wrote an obscure article advocating

the creation of a Government Economic Service,than what is said in the system of national accounts
in 1993, which is not referred to in your report, that though I do not know that it had much to do with the

result. I feel very strongly about the use of economicspurchasing power parities must be used and market
in administration. I cannot think why it is that, withexchange rates must not be used for inter-country
so many of these people who seem to be involved incomparisons do output.” In saying that, we thought
this process, the Treasury have not asked themselveswe were representing a clear majority of others in the
the questions we have asked and made the points weprofession of economics and statistics and
have made, and I hope the Committee will ask theeconomics. Not for the first time in my life I
Treasury that, because certainly they have notdiscovered that our profession—or trade, as Lord
responded to what I have been saying.Lawson would prefer to call it—is more disordered

than I thought. Indeed, the scales began to drop from
my eyes in April last year, my Lord Chairman, when Q125 Chairman: Do national governments have
seated in the House of Lords, listening to questions much say in who is appointed to these bodies?
being put by Lord Taverne and by Lord Lawson Professor Henderson: Yes, almost the entire say.
himself about the handling of economic issues by the
IPCC,I heard one of your noble colleagues actually Q126 Chairman: They have the complete say and
say that the choice between MER and PPPs was a they do not want to involve themselves?
matter of taste. I must say, that rather shocked me. Professor Henderson: They have delegated to IPCC,
We have found other instances since. Economists are but the whole process, quite rightly in my opinion, is
less agreed than I thought, but that has only made me closely supervised by governments. The IPCC is
feel that more people than I thought have to be technically the creation of two UN agencies, so it
brought round to what has been called the creeping reports to them, but the UN agencies themselves are
acceptance of purchasing power parity. government-controlled and they report to their

member governments. The member governments are
very strongly represented, as they are bound to be—Q122 Lord Sheldon: If you had the responsibility,
again I think this is quite right—at the IPCC plenaryand we have dealt with some of these matters already,
meetings and particularly in the last stages ofhow would you have gone ahead in looking at the
preparing the big reports, the Summaries forIPCC process, how would you have started it?
Policymakers. My criticism is of government

Professor Henderson: That depends what departments just as much as of the IPCC.
responsibilities you are putting on my shoulders,
Lord Sheldon.

Q127 Lord Lawson of Blaby: Specifically, what
would you like to see the Treasury doing now that it
is not doing?Q123 Lord Sheldon: The lot.
Professor Henderson: I would like to see the TreasuryProfessor Henderson: If I can answer that in a way
making it diYcult for the IPCC to continue withwhich perhaps you did not quite intend. If my
business as usual, which clearly they are determinedresponsibilities were those of a Treasury oYcial—
to do. I have a very specific way into that, which Iand I have been a Treasury oYcial, and when I was
have suggested, in fact, more than once in diVerentin the OECD my clients were Treasury oYcials—I
places. After talking to all the others concerned inwould have looked at this whole process with a much
other countries, the Treasury should instruct itsmore critical and much more worried eye. This
delegates to the next meeting of the OECD Economicechoes a point you yourself were making earlier in the
Policy Committee to request the Committee to lookCommittee’s hearing, because I have the feeling that
at these issues, to open the issues that we havequite large, and possibly very large, expenditures are
opened up.being undertaken on the basis of what is thought and

believed about what might happen in the very long
run, beliefs which, in fact, are not strong enough to Q128 Lord Sheppard of Didgemere: I want to ask a
bear this foundation. If I were a Treasury oYcial I bottom-line question, of which I realise there are
would be worried about that and I think there should many, many variables. Supposing we, or more

relevantly the IPCC, accepted all of your argumentshave been more worry.
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Q129 Chairman: Thank you very much. I am reallyand rolled over, what would be the temperature range
that you would be projecting, all other factors very grateful to you and the whole Committee is very

grateful to you for coming to give us your views onremaining the same? Is it quite a dramatic impact or
small? these things and answering the questions in a clear

and precise way. It has been very helpful to us inProfessor Henderson: I am worried about the way a
process is being handled rather than the final results, our inquiry.

Professor Henderson: Can I say just one thing, mywhich are very diYcult for a lay person to judge. I do
think that there is in this whole process what I might Lord Chairman. If at any stage you or any member of

the Committee, or your Special Adviser or the Clerkcall a tendency towards alarmism, but I may be
wrong. have any questions or points on which they would

like my opinion or to have any information from me,
I am at your disposal.
Chairman: Thank you very much indeed. We are
most grateful to you.

Memorandum by Professor Richard S Lindzen, Massachusetts Institute of Technology

I am honoured to be able to share my impressions of the global warming issue with the members of this
esteemed body. For the past 45 years I have been conducting research into various aspects of the physics of
climate. I currently hold the Alfred P Sloan Professorship in Atmospheric Physics at the Massachusetts
Institute of Technology, and have previously held professorships at Harvard University and the University of
Chicago.

It goes without saying that few laymen understand what global warming is really about. However, most of
you have been assured that it is a very serious problem, and that almost all scientists agree. For example, your
Prime Minister has written that it was quite wrong “to suggest that scientific opinion is equally split”, and he
went on to claim “The overwhelming view of experts is that climate change, to a greater or lesser extent, is
man-made, and, without action, will get worse”. The Prime Minister is certainly aware that there are many
sources of climate change, and that profound climate change occurred frequently long before man appeared
on earth. Moreover, given the ubiquity of climate change, it is implausible that all change is for the worse.
Nevertheless, on the whole I do not disagree with the Prime Minister. Indeed, I know of no split whatever,
and suspect that the Prime Minister is simply setting up a straw man in claiming that there is opposing opinion.
Where the Prime Minister is, in my view, leading you astray is in suggesting that this agreement constitutes
support for alarm.

Indeed, when we analyse the nature of the scientific agreement we will see that it provides no support for alarm.
However, given the proclivity of governments to respond to alarm with substantial support for science, we can
understand the reluctance of the scientific community, such as it is, to object to the alarmist interpretation of
their agreement.

What is Truly Agreed

In order to analyse the meaning of the Prime Minister’s claim, it is helpful to break the claim into its
component parts. I won’t suggest that there is no controversy over details, but there are few that would
fundamentally disagree with the following.

1. The global mean surface temperature is always changing. Over the past 60 years, it has both decreased and
increased. For the past century, it has probably increased by about 0.6 degrees Centigrade (C). That is to say,
we have had some global mean warming.

2. CO2 is a greenhouse gas and its increase should contribute to warming. It is, in fact, increasing, and a
doubling would increase the radiative forcing of the earth (mainly due to water vapour and clouds) by about
2 per cent.

3. There is good evidence that man has been responsible for the recent increase in CO2, though climate itself
(as well as other natural phenomena) can also cause changes in CO2.

I will refer to this as the basic agreement. To this extent, and no further, it is legitimate to speak of a scientific
consensus.
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Beyond the Basic Consensus

Various bodies have been unable to resist making claims that items 1 and 2 are causally connected. This is
referred to as the attribution question. I will show that attribution is by no means widely accepted or even
plausible. However, as we will see, the alleged attribution, itself, also provides little or no support for alarm.
The reason why the basic agreement (even when supplemented by the claim of attribution) does not support
alarm hinges on other points of widespread agreement, which the Prime Minister failed to mention (and very
likely was unaware of).

4. In terms of climate forcing, greenhouse gases added to the atmosphere through mans activities since the
late 19th Century have already produced three-quarters of the radiative forcing that we expect from a doubling
of CO2. The main reasons for this are (1) CO2 is not the only anthropogenic greenhouse gas—others like
methane also contribute; and (2) the impact of CO2 is nonlinear in the sense that each added unit contributes
less than its predecessor. For example, if doubling CO2 from its value in the late 19th Century (about 290 parts
per million by volume or ppmv) to double this (ie, 580 ppmv) causes a 2 per cent increase in radiative forcing,
then to obtain another 2 per cent increase in radiative forcing we must increase CO2 by an additional 580 ppmv
rather than by another 290 ppmv. At present, the concentration of CO2 is about 370 ppmv.

5. A doubling of CO2 should lead (if the major greenhouse substances, water vapour and clouds remain fixed),
on the basis of straightforward physics, to a globally averaged warming of about 1C. The current increase in
forcing relative to the late 19th Century due to mans activities should lead to a warming of about 0.76C, which
is already more than has been observed, but is nonetheless much less than current climate models predict.

Climate Models and Baseless Alarmism

This brings us, finally, to the issue of climate models. Essential to alarm is the fact that most current climate
models predict a response to a doubling of CO2 of about 4C. The reason for this is that in these models, the
most important greenhouse substances, water vapour and clouds, act in such a way as to greatly amplify the
response to anthropogenic greenhouse gases alone (ie, they act as what are called large positive feedbacks).
However, as all assessments of the Intergovernmental Panel on Climate Change (IPCC) have stated (at least
in the text—though not in the Summaries for Policymakers), the models simply fail to get clouds and water
vapour right. We know this because in oYcial model intercomparisons, all models fail miserably to replicate
observed distributions of cloud cover. Thus, the model predictions are critically dependent on features that
we know must be wrong.

If we nonetheless assume that these model predictions are correct (after all stopped watches are right twice a
day), then man’s greenhouse emissions have accounted for about six times the observed warming over the past
century with some unknown processes cancelling the diVerence. This is distinctly less compelling than the
statement that characterised the IPCC Second Assessment and served as the smoking gun for the Kyoto
agreement: The balance of evidence suggests a discernible human influence on global climate. This is simply a
short restatement of the basic agreement with the addition of a small measure of attribution. While one could
question the use of the word “discernible”, there is no question that human influence should exist, albeit at a level
that may be so small as to actually be indiscernible. As we have already noted, however, even if all the change
in global mean temperature over the past century were due to man, it would still imply low and relatively
unimportant influence compared to the predictions of the models that are drawn on in IPCC reports.

Another example of the misuse of the basic agreement to promote alarm consists in the opening lines of the
executive summary of the US National Research Council (NRC) 2001 report: Climate Change Science: An
Analysis of Some Key Questions. This hurried report was prepared at the specific request of the White House.
The brief and carefully drafted report of 15 pages was preceded by a totally unnecessary 10 page executive
summary. The opening lines were appended at the last moment without committee approval. Here they are:

Greenhouse gases are accumulating in Earth’s atmosphere as a result of human activities, causing surface air
temperatures and subsurface ocean temperatures to rise. Temperatures are, in fact, rising.

The changes observed over the last several decades are likely mostly due to human activities, but we cannot rule
out that some significant part of these changes is also a reflection of natural variability.

To be sure, this statement is leaning over backwards to encourage the alarmists. Nevertheless, the two
sentences in the first claim serve to distinguish observed temperature change from human causality. The
presence of the word “likely” in the second statement is grossly exaggerated, but still indicates the lack of
certainty, while the fact that we have not emerged from the level of natural variability is, in fact, mentioned
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albeit obliquely. What, as usual, goes unmentioned is that the observed changes are much smaller than
expected.

The response from many commentators was typical and restricted to the opening lines. CNN’s Michelle
Mitchell characteristically declared that the report represented “a unanimous decision that global warming is
real, is getting worse, and is due to man. There is no wiggle room”. Mitchell’s response has, in fact, become
the standard take on the NRC report. Such claims, though widely made in your country as well as mine, have
no basis: they are nonsensical.

Misleading Inferences

How is it that model based alarm has been “justified” despite the fact that the observed warming over the past
century is much less than was anticipated by the models? As usual, the argument involves obscuring this latter
fact. The argument also ignores the fact that the climate is capable of unforced internal variability. That is to
say, the climate can vary without any external forcing at all. El Niño is an example but there are many others
besides. Reference to any temperature history of the earth shows fluctuations that are not connected to any
known forcing, and these fluctuations amount to as much as half a degree Centigrade.

The most common defense is based on studies from the UK’s Hadley Centre, and appears in Chapter 12 of
the IPCC’s Third Scientific Assessment. I would like to comment on this line of argument.

In these studies, we are shown three diagrams. In the first, we are shown an observed temperature record
(without error bars), and the results of four model runs with so-called natural forcing for the period
1860–2000. There is a small spread in the model runs (which presumably displays model uncertainty—it most
assuredly does not represent internal variability). In any event, the models look roughly like the observations
until the last 30 years. We are then shown a second diagram where the observed curve is reproduced, and the
four models are run with anthropogenic forcing. Here we see rough agreement over the last 30 years, and
poorer agreement in the earlier period. Finally, we are shown the observations and the model runs with both
natural and anthropogenic forcing, and, voila, there is rough agreement over the whole record. It should be
noted that the models used had a relatively low sensitivity to a doubling of CO2 of about 2.5C. In order to
know what to make of this exercise, one must know exactly what was done. The natural forcing consisted in
volcanoes and solar variability. Prior to the Pinatubo eruption in 1991, the radiative impact of volcanoes was
not well measured, and estimates vary by about a factor of 3. Solar forcing is essentially unknown. Thus,
natural forcing is, in essence, adjustable. Anthropogenic forcing includes not only anthropogenic greenhouse
gases, but also aerosols that act to cancel warming (in the Hadley Centre results, aerosols and other factors
cancelled two thirds of the greenhouse forcing). Unfortunately, the properties of aerosols are largely unknown.
This was remarked upon in a recent paper in Science, wherein it was noted that the uncertainty was so great
that estimating aerosol properties by tuning them to optimise agreement between models and observations
(referred to as an inverse method) was probably as good as any other method, but that the use of such estimates
to then test the models constituted a circular procedure. In the present instance, therefore, aerosols constitute
simply another adjustable parameter (indeed, both its magnitude and its time history are adjustable).
However, the choice of models with relatively low sensitivity, allowed adjustments that were not so extreme.

What we have is essentially an exercise in curve fitting. I suppose that the implication is that it is possible that
the model is correct, but the likelihood that all the adjustments are what actually occur is rather small. The
authors of Chapter 12 of the IPCC Third Scientific Assessment provided the following for the draft statement
of the Policymakers Summary: From the body of evidence since IPCC (1996), we conclude that there has been
a discernible human influence on global climate. Studies are beginning to separate the contributions to observed
climate change attributable to individual external influences, both anthropogenic and natural. This work suggests
that anthropogenic greenhouse gases are a substantial contributor to the observed warming, especially over the
past 30 years. However, the accuracy of these estimates continues to be limited by uncertainties in estimates of
internal variability, natural and anthropogenic forcing, and the climate response to external forcing.

This statement is not too bad—especially the last sentence. To be sure, the model dependence of the results is
not emphasised, but the statement is vastly more honest than what the Summary for Policymakers in the
IPCC’s Third Assessment Report ultimately presented: In the light of new evidence and taking into account the
remaining uncertainties, most of the observed warming over the last 50 years is likely to have been due to the
increase in greenhouse gas concentrations. In truth, nothing of the sort can be concluded. The methodology,
by omitting any true treatment of internal variability, misses a crucial point. One can represent the presence
of internal variability simply by plotting an horizontal line with the average value of the temperature for the
period 1850–2000, and broadening this line to have a thickness of about 0.4C to represent the random internal
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variability of climate (in nature if not in the models). One can then plot the observations with a thickness of
about 0.3C (corresponding to an observational uncertainty of about !/" 0.15C). The two appropriately
broadened lines will now overlap almost everywhere (a certain percentage of non-overlap is statistically
expected) leaving no evident need for forcing at all.

Thus, the impact of man remains indiscernible simply because the signal is too small compared to the natural
noise. Claims that the current temperatures are “record breaking” or “unprecedented”, however questionable or
misleading, simply serve to obscure the fact that the observed warming is too small compared to what models
suggest. Even the fact that the oceans’ heat capacity leads to a delay in the response of the surface does not alter
this conclusion.

From Alarmism to Fantasy

We still have not really addressed the interesting question of how modest warming has come to be associated
with alarm. Here we must leave the realm where fudging and obfuscation are the major tools to a realm of
almost pure fantasy. A simple example will illustrate the situation.

According to any textbook on dynamic meteorology, one may reasonably conclude that in a warmer world,
extratropical storminess and weather variability will actually decrease. The reasoning is as follows. Judging
by historical climate change, changes are greater in high latitudes than in the tropics. Thus, in a warmer world,
we would expect that the temperature diVerence between high and low latitudes would diminish. However, it
is precisely this diVerence that gives rise to extratropical large-scale weather disturbances. Moreover, when in
Boston on a winter day we experience unusual warmth, it is because the wind is blowing from the south.
Similarly, when we experience unusual cold, it is generally because the wind is blowing from the north. The
possible extent of these extremes is, not surprisingly, determined by how warm low latitudes are and how cold
high latitudes are. Given that we expect that high latitudes will warm much more than low latitudes in a
warmer climate, the diVerence is expected to diminish, leading to less variance. Nevertheless, we are told by
advocates and the media that exactly the opposite is the case, and that, moreover, the models predict this
(which, to their credit, they do not) and that the basic agreement discussed earlier signifies scientific agreement
on this matter as well. Clearly more storms and greater extremes are regarded as more alarming than the
opposite. Thus, the opposite of our current understanding is invoked in order to promote public concern. The
crucial point here is that once the principle of consensus is accepted, agreement on anything is taken to infer
agreement on everything advocates wish to claim.

Again, scientists are not entirely blameless in this matter. Sir John Houghton (the first editor of the IPCC
scientific assessments) made the casual claim that a warmer world would have more evaporation and the latent
heat (the heat released when evapourated water vapour condenses into rain) would provide more energy for
disturbances. This claim is based on a number of obvious mistakes (though the claim continues to be repeated
by those who presumably don’t know better).

For starters, extratropical storms are not primarily forced by the latent heat released in convection. However,
even in the tropics, where latent heat plays a major role, the forcing of disturbances depends not on the
evaporation, but on the evaporation scaled by the specific humidity at the surface. It turns out that this is
almost invariant with temperature unless the relative humidity decreases in a warmer world. Incidentally, this
would suggest that the feedbacks that cause models to display high climate sensitivity are incorrect. The
particularly important issue of whether warming will impact hurricanes, is a matter of debate. As the IPCC
has noted, there is no empirical evidence for such an impact. State of the art modeling suggests a negative
impact, while there are theoretical arguments that suggest a slight positive impact on hurricane intensity. This
is all of significant intellectual interest, but it is not the material out of which to legitimately build alarm.

Perhaps the most reprehensible attempt to generate alarm over global warming has been seen in connection
with the recent tragic tsunamis in South Asia, where statements were made attempting to link this essentially
geological event to global warming. However specious such links are, they follow what has become an almost
self-parodying habit of those proclaiming alarm of attaching any severe, unusual or even common but not well
known event to global warming while suggesting rather dishonestly that the event had indeed been predicted
by models.
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Summing Up

So where does all this leave us?

First, I would emphasise that the basic agreement frequently described as representing scientific unanimity
concerning global warming is entirely consistent with there being virtually no problem at all. Indeed, the
observations most simply suggest that the sensitivity of the real climate is much less than found in models
whose sensitivity depends on processes which are clearly misrepresented (through both ignorance and
computational limitations). Attempts to assess climate sensitivity by direct observation of cloud processes,
and other means, which avoid dependence on models, support the conclusion that the sensitivity is low. More
precisely, what is known points to the conclusion that a doubling of CO2 would lead to about 0.5C warming,
and a quadrupling (should it ever occur) to about 1C. Neither would constitute a particular societal challenge.
Nor would such (or even greater) warming be associated with more storminess, greater extremes, etc.

Second, a significant part of the scientific community appears committed to the maintenance of the notion that
alarm may be warranted. Alarm is felt to be essential to the maintenance of funding. The argument is no longer
over whether the models are correct (they are not), but rather whether their results are at all possible. Alas, it
is impossible to prove something is impossible.

As you can see, the global warming issue parts company with normative science at a pretty early stage. A very
good indicator of this disconnect is the fact that there is widespread and even rigorous scientific agreement
that complete adherence to the Kyoto Agreement would have no discernible impact on climate. This clearly
is of no importance to the thousands of negotiators, diplomats, regulators, general purpose bureaucrats and
advocates attached to this issue.

At the heart of this issue there is one last matter: namely, the misuse of language. George Orwell wrote that
language “becomes ugly and inaccurate because our thoughts are foolish, but the slovenliness of our language
makes it easier for us to have foolish thoughts”. There can be little doubt that the language used to convey
alarm has been sloppy at best. Unfortunately, much of the sloppiness seems to be intentional. The diYculties
of discourse in the absence of a shared vocabulary are, I fear, rather evident.

25 January 2005

Examination of Witness

Witness: Professor Richard Lindzen, Massachusetts Institute of Technology, examined.

Q130 Chairman: Good afternoon, Professor. I some ways, the following. The people hear about a
doubling of carbon dioxide, let us say we start at 280gather you have had quite a journey getting here and

we are extremely grateful to see you in good shape, if and go to 560, we are now at 370, 380, and they think
of a distant future, maybe not so distant, probably theI may put it that way. Thank you very much for

coming and answering questions. We have got a end of this century. When they hear that this may
account for four or five degrees or, depending on yournumber of questions that we want to ask you, but is

there anything you want to say to start the ball scenario, five-something, they do not question it, and
I think there is a very strong reason to question it. Thatrolling?

Professor Lindzen: I think the public is being misled as is to say, what is important for climate is not the level
of carbon dioxide but how much you have increasedto the nature of the controversy and the science. I have

given you a deposition and I will not repeat it at length, the greenhouse eVect; they are not the same. When you
look at how much we have increased the greenhousebut when your Prime Minister assured you that the

bulk of scientific opinion was on one side, in many eVect since the late 19th century, it is about three-
quarters of what one would get from doubling carbonways I do not disagree with that. I want to clarify that

the disagreement is not over whether temperature has dioxide. I explained this in my deposition so will not
bother you with it. The point with that is, if you expectbeen changing; almost everyone agrees somewhere

around the order of a half degree change over the last four or five degrees from a doubling of CO2, you
expect almost as much, three-quarters as much, fromcentury. No-one disagrees that carbon dioxide is a

greenhouse gas and that doubling it would increase the three-quarters of that forcing, and we have seen only
a half degree. We know that if you just kept everythinggreenhouse eVect by about 2 per cent. No-one I know

disagrees—there may be a few—that man has played constant, doubling carbon dioxide would give you one
degree of that, which means that today we should havea role in the observed increase in CO2 between about

290 and 380 parts per million. Where the disagreement seen three-quarters of a degree, which is already more
than we have seen, but the models are saying weexists is not over that but over whether that is an

alarming statement. The reason that is argued is, in should have seen three, which is about six times more
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three watts per metre squared, do not worry aboutthan we have seen. You have a choice in that, namely
to say that the models are wrong, they are what that means. I do not see it going to much more
overpredicting what is happening, or saying the than four, maybe five. Even if one quadrupled CO2,
models are right but an unknown process has one is not talking of more than about seven or eight
cancelled the diVerence. That is where the argument in that range. The evidence so far, contrary to the
lies. Are we to say that the response today indicates models, suggests to me that the sensitivity to four
low sensitivity, or we go with an unknown process, watts is of the order of a half degree, so even with the
cancelling the diVerence? I think that should be quadrupling of CO2 I would not see more than a
understood very much. A half degree is small on degree. It is true that the models are predicting four
several counts and one of them has to do with a feature degrees, but the same models predict three degrees
that I think laymen somehow have diYculty with, for today, and we do not see that. In addition to that
namely, climate varies without any forcing. Things you have other pieces of evidence, I could explain if
like El Niño, and so on, do not have an El Niño forcer, you wanted but they are technical, they are things
it is just the system wobbles all of the time, and this is that determine sensitivity, that have to do with the
true even in models, incidentally, you run them with time of response to perturbation, so technical issues.
no forcing and they wobble. You look at a They point to low sensitivity. The one thing that
temperature records and it oscillates and goes through points to high sensitivity is models, and these models
all sorts of things. We do not know what causes it and for economists I find I have to explain. There are in
most of the time we know the system will do it without the world of models, I think, a variety of diVerent
any cause whatsoever. It means, when you are kinds. There are models that are “constructs” for
comparing observations and what is called the null fields where you do not have fundamental equations,
hypothesis, the null hypothesis is would you have the where you put in how you think the system behaves
agreement between observations and a picture that and you use the model to see the complicated
just had the random internal variability? That would ramifications. There are other models, like most of
consist in a horizontal temperature that was the climate models, which are based nominally on
broadened to represent the extent of the internal physical laws, where you do not have too much
variability, it might be about 0.4 or 0.5 degrees. If then choice in the equations, you have plenty but, the
you took these famous curves of temperature, which question is, can you solve them? The diYculty with
even though they look dramatic are still half a degree, meteorology and climate models is we know the
and broaden them to indicate the uncertainty in the

system depends on scales ranging from metres to theobservations, which is about plus or minus 0.15, 0.2
radius of the earth. We do not even anticipate adegrees, there is no time when these two curves do not
model that can encompass these spatial scales or theoverlap, which means, on the face of it, you do not
timescales, we are talking about thousands of years.have any reason to expect the need for any forcing
As a result, the models we build do not correspondwhatsoever. In engineering terms, there is a saying we
necessarily to the underlying equations and they canhave a very poor signal to noise. I would leave it with
produce results that diVer from the solutions, andthat as a summary of my views on the subject.
this is particularly important for certain things whenChairman: I think you have pretty well answered the
you are transporting things, water vapour or clouds.question I was going to ask you, so I will ask Lord
Clouds are the classic case. The IPCC freelyMarsh if he would like to start.
acknowledges that there is no model today that gets
cloud cover within 40 per cent of what is observed,

Q131 Lord Marsh: One of the problems, as you and 40 per cent in terms of radiation represents
know, for some of us on this Committee, is that we something an order of magnitude bigger than the
are not specialists in this field at all, and listening to eVect of CO2.
people like yourself it is fascinating and produces
increasing bewilderment at the level of magnificence,
so we are trying to catch up on this. To try to get a

Q132 Lord Lamont of Lerwick: It is probably a littlesimple question—we are on only the third meeting of
unfair but I wonder if I could read you just onethis inquiry—what sort of temperature increases,
sentence of the evidence we had last time from Sirplus or minus, by, say, 2100, do you think are at
John Houghton and ask you to comment on it. “Ifissue here?
you come to the 20th century, you find that theProfessor Lindzen: It depends on a lot of things. I see
increase in global average temperatures isno reason at present, with or without Kyoto, why
phenomenal” that is the word he used “comparedcarbon dioxide will not increase. As I say in the
with any variation over the whole millennium.”deposition, radiative forcing, which is the climate
Could I ask you just to comment on the validity offorcing, does not increase proportionately, it
comparisons over a millennium and, secondly, theincreases ever more slowly. I do not expect to see a

huge increase in the forcing. Right now, it is close to use of the word “phenomenal”?
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Q134 Lord Macdonald of Tradeston: Just pitchingProfessor Lindzen: Could I reverse that to deal
with phenomenal? You can give it any word you forward now rather than back. Sir John, talking to

us, also asserted that even a one degree centigradewant, phenomenal, unprecedented, record-
breaking; it does not change the fact that it is a change in average surface temperature in a hundred

years would cause all kinds of unacceptable climatichalf degree, we are talking about a half degree. Do
not let words befuddle you. A half degree is to be problems. Do you agree?

Professor Lindzen: I do not. I think he diVers evencompared with the model expectation of three.
Seventeen years ago—it pains me to think it is with the IPCC on this. This is a problem of

procedure. The IPCC has a lot of people speaking forgoing on this long—when the issue started,
alarmists wanted to avoid the temperature it. That tends to override what the text actually says.

These days, people are saying, “Yes, 2 degrees.” It isargument, because they were aware of that. Then
they realised that the public did not look at always arbitrary. The thing I think you have to

remember is, here in London, or especially back innumbers, it was like looking at the stock reports
for the day, if the market goes up one point it Boston for me, or in Paris, or any other place you

wish to name, the temperature variability is farlooks like it goes up a thousand points, nobody
can tell the diVerence. Phenomenal, I think, does greater than it is for the global mean. Each of us is

living through fluctuations of several degrees fromnot make any sense. It is small. Unprecedented is
the other thing, in the millennium. I do not even year to year in the place we live. Moreover, each of us

lives through a season, lives through day/night, wewant to get into that argument. It reminds me very
much of, I do not know if you want an anecdote are talking about 20 degrees. I find it very hard to

believe that, since our agricultural systems, ourbut once I had a friend who went into the Army
and he came back home after basic training and lifestyle, all encompass such large changes, some

global mean is going to swamp it.was saying he had learned something very strange.
In basic training, they were explaining to the
recruits what to do if an enemy came at you with Q135 Lord Lawson of Blaby: You have been very
a bayonet, and they gave them a technique so that eloquent and it is fascinating, but are you a lone voice
they could always disarm the enemy and kill them. or is there substantial support for your views among
He said he had reached the conclusion that if his the scientific community?
enemy has a bayonet and he has a bayonet the first Professor Lindzen: I think there is no core of the
thing he should do is throw away his, because he scientific community.
had a technique for defeating someone with a
bayonet. We have thousands of thermometers and

Q136 Lord Lawson of Blaby: You must speak towe have trouble measuring the temperature to
your fellow scientists from time to time?better than a couple of tenths of a degree,
Professor Lindzen:Yes, of course, all the time, becauseaveraged over the globe. The record going back a
some of the work is really just quite independent of1,000 years is based on a couple of handfuls of tree
one’s position on this. I think, at MIT, Chicago andrings which only observe growth in the summer.
other places I deal with, even at the Laboratory forIf that is good enough to tell you within tenths of
Dynamic Meteorology in Paris, where I spend a lot ofa degree, we should throw away our
time, most people realise the issue is a bit dodgy, butthermometers. The truth of the matter is, when the
there is a problem, and you say it and it is kind of likepeople who wrote that drew their uncertainty, you
being a skunk at the party. In Europe, theno longer could speak of “unprecedented”. The
Laboratory for Dynamic Meteorology’s climatestatement that it is unprecedented, by any
modelling eVort exists because of global warming. Atargument at all, and plenty of people say you
the Max-Planck Gesellschaft, their climate modellingcannot measure it back with any meaningful
eVort exists because of global warming. The Hadleyaccuracy, still it is not unprecedented, the
Centre exists because of global warming. The onlystatement has to be political.
place in the world where there were eVorts before
global warming was the US, but even in the US the

Q133 Lord Lamont of Lerwick: What about first President Bush responded to the alarmism with
isotopes then? two billion dollars a year for research. I do not think
Professor Lindzen: In general, isotopes are used delta you are going to see much objection to the alarmism,
0-18 for much longer periods. They have very course but the points of agreement, when they say that
time resolution by this standard. They would not be scientists all agree, it is basically what I have written
too helpful on it. They have tree rings, they have in this deposition. Scientists have learned of what I
bore-holes, things like that, there are various call the iron triangle of alarmism, that they can utter
techniques you can use, but they are all inferior to innocent statements, such as the one the Prime
thermometers and yet they are talking about tenths Minister said, that are completely consistent with

nothing much happening, so they have notof a degree.
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understood, but we were not permitted to say it, thatcompromised their scientific integrity and yet these
will be interpreted with alarm, and the body politic, these are fundamental to the predictions of large

warming. That was a little bit peculiar. You do notat least in my country, will respond by feeding money
to the science. Why would anyone get in the way of find the disagreement that John is talking about. The

only place you begin to see anything is in thethat?
Summary for Policymakers. This has been a
characteristic of these documents from theQ137 Lord Lawson of Blaby: That I understand very
beginning, as far as the press goes, as far as politicianswell, but the suggestion is that policy decisions, which
go, they see the first two lines and maybe the firstmight be economically extremely costly, should be
paragraph and that is it. Typically, in the Secondbased on what you call alarm. So it is not just
Assessment, the line which carried the day was aacademic corruption, in the nicest possible way,
discernible human impact on climate. That was theacademics being human like everybody else, put it
smoking gun for Kyoto. Discernible suggests it wasthat way, there is more involved?
less than the total, and that the total is about one-Professor Lindzen:Of course there is. I think, and here
sixth of what the models predict does not seem veryI am not speaking as a scientist, we have reached a
alarming to me, but it was enough to get peoplestage in our country where the belief is, if the
riled up.politicians want to go along with this and are gullible

enough, it is their problem. I think there is that degree
of social disintegration. Q141 Lord Lawson of Blaby: Lastly, can I refer to

one particular part of his evidence, which is exactly
the answer which Lord Lamont quoted, the very firstQ138 Lord Lawson of Blaby: Lord Lamont

mentioned an important bit from the evidence that part of his answer. He went on to say: “It”—that is
the average global temperature—“has been a steadilythis Committee received last week from Sir John

Houghton. Have you seen a transcript of his rising trend during the 20th century.” Then he says
that for the first half of the century it was nothing toevidence?

Professor Lindzen: No, I have not, but I have heard do with greenhouse gases because there were not
greenhouse gases, it must have been something non-of it.
anthropogenic. Then he contradicts himself
somewhat by saying that there was no temperatureQ139 Lord Lawson of Blaby: If you have heard
rise between 1950 and 1970, and then he says, and Iabout it, is there any comment you would like to
quote: “From 1970 to the present time there has beenmake on any of the things you have heard?
a very steady increase in water vapour. The rate ofProfessor Lindzen: Yes; sure. First of all, I heard him
increase is larger than it has been for a very long time,say that my comments are simply verbal and I have
probably for 10,000 years. The total increase duringpresented nothing on it, so I have brought with me
the 20th century is quite out of scale with anymy list of peer reviewed publications. In the last four
variations known to us.”years alone there are 28 on the issue of feedbacks, and
Professor Lindzen: He said that about water vapour?so on. The other thing is, he argued, and this relates

to the IPCC, that the IPCC Third Assessment
rejected the views, and this really presents a problem. Q142 Lord Lawson of Blaby: Yes. This is an
I do not know how familiar you are with the uncorrected transcript but I assume it is likely to be
procedure, but each chapter has a set of lead authors, right. That, it seems to me, is the basis of his alarmist
of the order of 10 or a dozen. They have a co- projections. What is your response to that?
ordinating lead author. Each of the lead authors is Professor Lindzen: Astonishment. The temperature
responsible for a page or two or three, together with change over the past century, as you pointed out, is
two other authors. In some ways, in science, this is irregular. It went up rather sharply from 1920 to
one of the most expensive volumes I know. I estimate, 1940. There is even, between 1919 and 1921, a
per page, in travel expenses alone, plus missed work, period where you had a half degree in one year, or
it amounts to about $40,000 a page. two years. Between 1950 and the 1970s you had

cooling, and Crispin Tickell even wrote a book
about how society must respond to the coming iceQ140 Lord Kingsdown: Not to mention global

warming? age. Then you had warming and, as far as I can tell,
on the surface record, you have rapid warmingProfessor Lindzen: Right. If you go to the chapter on

physical process and climate feedbacks, you do not between ’76 and about ’85, and then you have
fluctuations about it. I remember, when the firstfind disagreement, that we do not know how to do

water vapour, we are uncertain about the positive satellite data came out and there was only 20 years
of it, they said, “Well, you can’t make a trend fromfeedback. When you get to clouds, you get open

admission that they are completely uncertain and a 20 years’ data.” All of a sudden people see a peak
and they say “That’s a trend.” There is no steadyfundamental weakness in the predictions, and it is
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Q144 Lord Kingsdown: Can I just go on to ask youincrease through the 20th century, there is a net
how far your view of the role of water vapour isincrease, and it is a few tenths.
shared by other scientists?
Professor Lindzen: That is shared universally. All of

Q143 Lord Kingsdown: You have already them agree, no model gets a lot of response to CO2,
mentioned water vapour once or twice this much more than you would expect on basic physics,
afternoon, but I understand your position is you unless water vapour and cloud kick in to make the
regard this as having probably a negative feedback system much more sensitive than it would be in the
eVect, that is, that it calms warming down, whereas basic physics. That is true and accepted.
the scientific consensus, as we understand it, is that
it has a positive feedback, that is, that it makes

Q145 Lord Sheppard of Didgemere:Can we move onthings worse?
to the Kyoto Protocol. Your evidence implies thatProfessor Lindzen: The IPCC chapter is agnostic. The
you consider it would have little or no eVect on themodels say it gets worse. The modellers acknowledge
rates of future warming. Is this because reductions

they do not have the physics appropriate to water targets are too low, is it that we are doing too much
vapour. That is the situation as it is now. In 1990 I or not doing enough, or what?
wrote a paper in which I said global warming Professor Lindzen: In a sense, that is right. What you
scenarios depend on this water vapour feedback; have with carbon dioxide is, first of all, as I said, you
without it you do not get much and we do not know are already three-quarters to a doubling and
much about it, and they said “Can you imagine any quadrupling, just do it again. No matter what you do
way that would be negative?” I said, “Sure.” It turns at present, unless you change the amount of these
out, if you have a warmer world and clouds go things in the atmosphere it is not going to change the
higher, they detrain, let us say, they merge with the forcing of climate. Kyoto, for instance, is changing
environment where it is colder and you have lower the emissions but it is not eliminating the emissions,
humidity and that could end up reducing water so you are still adding to the atmosphere and you can
vapour. That has actually been confirmed by studies calculate the impact. It is less than a tenth of a degree
since then. In the meantime, we wrote a paper in ’93 by 2100, or something like that; it would be
examining this and found that the physics of water unmeasurable. The question is then, as you say,
vapour in the tropics was diVerent from that. That maybe it is not enough. What would be enough to
would work near the top, but, in fact, the source of impact the level of CO2 to get us down from the
water vapour in the tropics was rainfall evaporating horrible point we are at now? I should mention, I find
into the environment, in large measure. We pointed this a little bit mind-blowing. If Sir John says one
out that the amount raining into environment degree will cause all sorts of havoc, we have already
depended upon how much did or did not rain in these had 0.6 and we have seen a world of increased
tall, cumulus towers. It is well-known that, when the prosperity, we have seen a world of greater food
temperature increases, more rains in the towers and production, we have seen all these things. I do not see
less is available to the environment, so there still the evidence of a horror story there. In any event,
could be a negative feedback. Subsequently, we getting back to what you are asking, to cut down the
realised that change in the humidity of a region in a CO2 itself would require not a few per cent below
sort of continuous way is rather diYcult, even by this 1990 but probably in the order of 60 per cent below
mechanism, but what you saw was a short boundary 1990. As far as I know, no-one knows how to do that.
between dry and moist regions, cloudy and clear Even the IPCC, I should mention, in their Section 3,

pretty much concludes we are not going to, even ifregions, and the change in area could really be a more
you believe the models, even if you believe everythingsignificant feedback. We have been working on that
about it, they are not going to stop it. The primarysince and it looks very much like a negative feedback
concern is can we adapt, and the obvious answer hasthat would be large enough to swamp any of the
been that you need the resources to adapt.positive feedbacks in the model. It is a research area,

but it is politically incorrect these days to speak of the
world, or the earth, as in some sense being Q146 Lord Sheldon:How do you see the work of the
engineered. If any of you have a background in IPCC? Do they take full and proper account of all
engineering, I do not know, you never build anything views, however diVerent they may be, or are they all
with positive feedbacks unless you want to amplify equally represented?
something. You build everything so that the Professor Lindzen: I think it is a very distorting
feedbacks hold it in place. The whole notion, I grant process. As I have said, it has many stages, so you
you, this is metaphysical, that the earth is a system on have the writing of the scientific text, or the
the border of instability that is kept from running substantive text; that is done by the lead authors with
away only by the gentle ministrations of bureaucrats; the co-ordinating lead author, and what I used to

refer to as political correctness monitors, people whoit seems to me, strange.
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Q147 Chairman: Listening to a great deal of yourgo around to the co-ordinating lead author, who is
evidence, and maybe we are just coming to the endchosen by the executive, whereas lead authors are
and I would like to thank you very much for what youchosen by the Technical Unit at the Hadley Centre,
have said, there is one question that comesWorking Group One. The co-ordinating lead author
immediately to my mind. If it is like you present it,has to make sure that it does not say anything that
why are governments spending this enormouswould be too far in one direction, not the other, but
amount of money producing all this stuV, becausethat is okay. At the end of the day, when I look at the
there are enough of us sitting round this table whoWorking Group One Report, I would not use it as a
have spent our lives trying to control governmenttextbook, I would not find it all that helpful, but also
expenditure in our previous incarnations and thereI do not find it says anything terrible. It is very much
are plenty of arguments for not spending it. If it ison the level of saying “We don’t know. There’s
anything like you say, why are they spending alluncertainty.” I give an example in my testimony of
this money?how the Working Group describes what appears later
Professor Lindzen: I will give you a semi-seriousin the Summary and it is like day and night. That is
answer, because I do not know the answer. My semi-the problem. This came up recently. There was a kind
serious answer is that I have realised, over the last 20of scandal. There was one group looking at the
years and in dealing with public oYcials and ordinaryimpacts of global warming and they had a guy called
people, that the last thing in the world they want toChris Landsea. Chris Landsea is probably the
do is dig into science, to deal with mathematics, readleading expert on the statistics and history of
this. If they can avoid that by spending a trillionhurricanes and he has written a lot of papers pointing
dollars, they will do it.out there is no obvious relation that can be discerned

between hurricanes and temperature of the earth and
no evidence that warming would increase hurricanes. Q148 Lord Sheldon: I know you cannot give an
On the same chapter committee was a lead author, answer to this question, but can you make a bit of a
Kevin Trenberth, and Kevin participated in one of guess: how much do you think is being spent on this,
these dog and pony environmental shows, in which the whole of this business, just a general figure?

Professor Lindzen: I think at least 25 billion, 30 billionhe said “The hurricane season this year in Florida is
at the research end, but then there is probably aa warning about global warming.” That is
smaller but not insignificant amount surrounding. Byambiguous. Is it due to warming, or is it an example:
now I figure that well over 10,000 diplomats andwho knows? Landsea said, “How could you say that
bureaucrats are working on negotiating the variouswhen the evidence says there’s no connection?” What
things and analysing them and working out theLandsea realised, I think, was no matter what the
economics, and so on, so it is a growth industry, butchapter ended up saying, even if it said “There’s no
I do not think it is terribly productive.relation,” it would be represented by Kevin, or John

Houghton, or whoever, and it would be said that
there is a connection. This has been the problem. You Q149 LordMacdonald of Tradeston: If I can go back
have this damn Summary for Policymakers, which to the question of the observed 0.5 per cent against
ends up saying things that are rather diVerent. They the modelled 3 per cent increase.
have a funny way of using language. For instance, Professor Lindzen: Well, 3 degrees versus a half
apparently, maybe it has changed, the last time, but degree.
for the first two IPCCs there was an agreement that
the Summary for Policymakers, which is not written Q150 Lord Macdonald of Tradeston: Thank you.
by the scientists, it is written in a plenary session with Three degrees; perhaps also the unknown factor that
NGOs and government oYcials, and so on, if it says would have to be found. There was a science
something that is not in a chapter, the chapter can be programme on our television here recently on global
modified. The way it is modified is interesting, at least dimming, on “Horizon”, which said the fact that
what I have seen is. There will be a line thrown into these particulates have been multiplying has led to
the chapter that corresponds to the Summary. It is global dimming, this was all revealed to us after 9/11.
not that they pull out much of the rest but there is a Could this be the unknown factor?
sudden cognitive dissonance in the thing, and so their Professor Lindzen: It is an interesting thing. One of the
statement that the Summary is consistent with the claims, and I discussed this in the deposition, is that
text means that what is in the Summary can be found the models can simulate the past century and
somewhere in the text. They do not go on to say that simulation is a very low-order activity when you have
sometimes the opposite is also found in the text. I do adjustable parameters. These aerosols you are
not know. I have this statement at the end that when talking about were a godsend to the models. The
language becomes foolish our ideas follow suit, and reason they were a godsend is two-fold. Even if you
the reverse can happen. I think we are seeing that know the amount of aerosol you have in the air,

calculating the thermal forcing leaves you with anwithin IPCC.
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literature. The aerosol people say their ignorance isuncertainty of about a factor of six to 10, because we
do not know their properties very well. In addition, so big that it might be legitimate to plug aerosols into

the models and tune the properties to make thewe have no records of sulfate emissions before 1964,
so to match records before then you can devise ways models more nearly coincident with the data. That is

called the inverse method. They do warn, in an articleof estimating how much you have. Between
estimating how much you have produced, and some that I cite here, in Science magazine, that then to use

those properties to test the models is circular, and itof these estimates are very weird, they have maximum
production in the depression and minimum during is.

Chairman: Thank you very much indeed. Really wewars, it is hard to figure, and the fact that you cannot
calculate the radiative properties, it is completely are very grateful to you for coming and for answering

our questions. Thank you very much.disposable. There is even a name for it in the
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Lamont of Lerwick, L Skidelsky, L
Lawson of Blaby, L Vallance of Tummel, L
Layard, L Wakeham, L
Macdonald of Tradeston, L (Chairman)

Examination of Witness

Witness: Dr Rajendra Pachauri, Chairman, IPCC, examined.

Q151 Chairman: Good afternoon, Dr Pachauri. I time, I am happy to say that about 40 per cent of the
authors that have been selected come fromam most grateful to you for coming along to help us

with our inquiry. You know what our inquiry is developing countries or economies in transition.
Given that the initial nominations come essentiallyabout. Unless you particularly want to say something

to start oV, I was going to go straight into the from governments and that we do try to ensure a
geographical balance so that no part of the world isquestioning. Do you want to say something at the

beginning? left out, we believe that it is a very objective exercise
which ensures that we have a proper balance ofDr Pachauri: Thank you for aVording me this
diVerent points of view. The question was askedprivilege. I am ready to answer your questions.
about whether we have non-believers in global
warming involved. Yes, provided they have the

Q152 Chairman: We are absolutely delighted you research record, publications to their credit and have
are able to come. Some of our witnesses have done scientific work on the subjects for which they
questioned the extent to which the IPCC is are being considered; they are included. We certainly
representative of scientific and economic opinion. do not include armchair critics who may be critics
Can you tell us about the procedure for appointing just for the sake of criticising the science that is
those who prepare the IPCC assessment reports and, produced. That is the manner in which we select the
once appointed, what are the arrangements for authors of the report as well as the reviewers.
ensuring that they work together? To what extent are
non-believers in global warming involved?

Q153 Lord Lamont of Lerwick: We understand thatDr Pachauri: The manner in which we choose the
once the main report has been done there is then aauthors of the IPCC chapter teams is essentially
review process, once the chapters have been drafted.based on our writing to governments, other
I wonder if you could tell us about that and how theinternational organisations and a few other select
reviewers are selected. Are they and the lead authorsorganisations. We receive nominations from each
paid? Do you believe that the review process reallyone of them. We have three working group in the
does achieve its objectives?IPCC, the first one dealing essentially with the science

of the climate system, the second dealing with Dr Pachauri: The good thing about the IPCC is that
nobody is paid for his or her labour. It is essentiallyimpacts and adaptation and the third dealing with

mitigation options. Each of these working groups has a labour of love. The only payments that the IPCC
makes are in respect of travel expenses for peoplea small bureau which is elected by the plenary of the

IPCC every five to six years. To give you an example coming from developing countries and economies in
transition. There is no compensation provided for allof the scale of this response, for the fourth assessment

report we had close to 2,000 nominations. The the labour that the authors provide. The reviewers
are also selected on the basis of nominations that arebureaux scrutinise these, try to see how each

individual fits into the task that has been outlined for received. There is a two stage review process that is
followed. In the first stage, there are expert reviewers,preparing the assessment report, and they make a

selection. Then there is an IPCC bureau which again drawn from the nominations that are received.
They carry out a detailed review of each of theconsists of several government representatives as well

as those who are the elected members of the bureau. chapters which have been drafted. Their comments
are incorporated in the next draft and the next draftThey approve of this selection. I would like to

highlight that we have followed certain criteria, is sent to governments. Governments can either
review it themselves or they will seek experts in theirparticularly this time around. This has happened

progressively with each of the successive assessment own countries to carry out the review. They send
back a set of comments which are now considered allreports. We try to create a geographical balance. This
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first, you have these three working group reports. Eachover again and brought to the attention of the
authors. Then each one of these is dealt with one of them has a very clearly accepted outline and this

outline is presented to the plenary which is essentially aspecifically and in a very transparent manner. I would
like to believe that this is a very fair, very objective grouping of 192 countries, theoretically. Based on those

outlines, we have chapter teams that have beenand transparent process.
allocated specific tasks. They function together and
they are serviced by what is known as the technicalQ154 Lord Sheldon: You mentioned that there are
support unit of each working group. It is essentially anon-believers in IPCC. Could you give us some sort
team eVort and it goes through these various stages. Atof estimate as to how the numbers compare with the
the end of the day, the reviewer also looks at what theothers? What are the numbers of non-believers and
original outline was that gets accepted by the plenarybelievers, so that we can see how representative each
and the panel as a whole. If there is something that isof these groups is?
missing by way of coverage, that is also brought to theDr Pachauri: It is very diYcult to draw a distinction.
attention of the writing teams. The synthesis report isBasically, you have all shades of opinion that are
written only after the working group reports have beenbrought together, let us say, to work on a particular
completed and accepted. Based on that, we draw up achapter. It is very seldom that everyone agrees on a
synthesis report which is essentially a summary of theparticular point of view. If we talk about the impacts
key findings of each of the working group reports.of climate change on agriculture, there is a whole
There are two parts of the synthesis report. There is arange of agricultural experts that are drawn into this
Policy Makers’ Summary where every single word isbusiness and each one of them has a substantial
approved by the plenary, the 192 countries that areamount of research to his or her credit. They do not
members of the IPCC. As far as the report itself isnecessarily agree with each other but the strength of
concerned, which incidentally this time around will bethe IPCC lies in arriving at a consensus. They spend
about 30 pages, it is accepted paragraph by paragraphsubstantial time together; they exchange a draft; they
by the plenary, so there is hardly any likelihood ofexchange views. The IPCC—I should have clarified
something that is indefensible going into the reports.this right at the beginning—does not carry out any

research of its own. It relies entirely on peer reviewed,
Q158 Lord Lawson of Blaby: This Committee is verypublished literature. Of course, we do refer to
anxious, because this is such a diYcult and importantsomething that you might call “grey” literature which
issue and so much of it is in dispute, to maximise thewould be proceedings of workshops, including those
area of agreement. With that in view, may I read tothat are carried out by business and industry. Given
you something that Professor Lindzen of MIT, whothat we access literature in diVerent languages and
was one of our witnesses last week, said: “ThediVerent parts of the world and that we have authors
disagreement is not over whether temperature haswith very diverse experience, you seldom have an
been changing. Almost everyone agrees somewhereidentity of views when you bring them together but,
around the order of a half degree change over the lastat the end of the process, they do arrive at a
century.” That is agreed, is it?consensus.
Dr Pachauri: 0.6 degrees is what we estimate.

Q155 Lord Sheldon:Can you give us an indication of
Q159 Lord Lawson of Blaby: Is there an agreementthe number of such people altogether who have given
over how much of that 0.6 degrees was in the first halfinformation to you?
of the century and how much in the second and, if so,Dr Pachauri: I am sorry; I would not be able to
can you tell us?classify believers versus non-believers.
Dr Pachauri: The bulk of it took place in the second
half of the century. The third assessment clearlyQ156 Lord Sheldon: No; in total.
brought out the finding that the bulk of the increaseDr Pachauri: For the fourth assessment report we
took place in the last 50 years.have a total of about 500 authors who are going to be

working on this project.
Q160 Lord Lawson of Blaby: By “the bulk” what do
you mean?Q157 Chairman: Does this not then put an
Dr Pachauri: I would not be able to give you anenormous premium on the people who summarise
immediate answer. I can submit it in due course.1the chapters at the end of the day? How is that

monitored and how do you get that right? The bits
that the politicians read are the summaries of these

Q161 Lord Lawson of Blaby: I think it is only fair tothings, as I understand it.
ask you this because, as you know, our next witnessDr Pachauri: That is a diVerent product altogether.
is Professor Lomborg. He will be able to comment onWhat we have is something called a synthesis report.
1 No supplementary evidence received.The manner in which these reports are produced is,
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the objectivity and honesty of the scientists who areanything you say because I suspect he is here now,
but I have been told—I am sure this must be wrong— working on it. May I take the liberty of suggesting

that any such allegation would be a slur on thethat you compared Professor Lomborg to Hitler. Is
that true and, if so, why? dignity and the integrity of the scientists who are

working on it. Every scientist depends on funding. IfDr Pachauri: I am sure you would know, having been
in public service for a long time, if one believes international organisations or the European Union

or governments feel that climate change researcheverything that the media says one could be misled. I
made no such comparisons. I was interviewed by two requires substantial funding, that is the only means

by which you can draw specialists and scientists toDanish journalists and we got into an extensive
discussion. There was some discussion about the way work on the subject, but I do not think any funding

organisation lays down a condition that you have toHitler treated human beings but it had nothing to do
with Professor Lomborg’s behaviour. I drew no such become a believer in climate science. These are people

of some integrity, some solid, intellectual capability.comparison and I was quite surprised when this was
broached. I doubt if they would get thwarted in their values

purely because funding is available. It is probably
easier to get funding for so-called sceptics these days.Q162 Lord Lawson of Blaby: You would not cast
Without naming any organisations, if I were to go onany aspersions of any kind against people who in
to say, “I do not believe in climate change science; cangood faith disagree with your analysis?
you fund me to debunk whatever the IPCC is doing?”Dr Pachauri: Absolutely not. As someone who has
I can assure you I can raise a few million dollarsspent the best part of his life on research, I would be
without diYculty.to say the least very ill intentioned if I were to say that

anyone who disagrees with me has some evil design
behind it. Q165 Lord Elder: Would you consider it would be

equally easy to take these views across once the
research was done or even easier perhaps than thatQ163 Lord Goodhart: You have been asked about
side of the argument?the question of non-believers on the IPCC. How
Dr Pachauri: I do not know.strongly do you think the IPCC is influenced by

people at the other end of the spectrum? Perhaps I
could describe them as those who have a Q166 Lord Skidelsky: Are you suggesting that

scientific opinions are entirely unaVected by thephilosophical belief in the virtues of the simple life
and would therefore support reduced energy use in source of funding? It is a disinterested study which

has only scientific criteria behind it and scientists areany event, quite apart from the question of global
warming. never influenced by where their funds are coming

from?Dr Pachauri: I am not sure we seek out such persons
because after all it is governments who nominate the Dr Pachauri: If we rely only on peer review literature

as the IPCC does, whatever is published does goauthors of the IPCC and I presume they carry out a
process of some selection where they look at the through a process of peer reviewed. Unless the entire

scientific community is corrupted, I cannot possiblycapabilities and research records of these
distinguished individuals. We carry out a very believe that something that is published in a journal

of some standing, where people make an honest eVortthorough process of scrutiny in which I can assure
you there is no place for political beliefs at all. We to be counted, could not be scientifically valid. This

is a general statement. Possibly there are some thatonly look at the scientific record of the individuals
who are to be drawn into this process. could slip through but the general body of literature

in this field, as in any other, where you go through a
process of peer review would probably be totallyQ164 Lord Elder: I would like to ask you about the
defensible and carry a high level of integrity andconsensus which appears to be on global warming
credibility.science. It has been suggested to us that the consensus

has been at least to some extent reinforced by the
relative ease with which people who believe in the Q167 Lord Goodhart: Compared to the science of

climate change, where there is a consensus it seems,consensus get funds for their research from
governments and the European Commission. Do you we hear less about any consensus on the economics of

climate change. Do you think there is a consensusthink that balance of availability of funds for
research has somehow aVected the strength of the about the economics and, if so, what do you think the

main features of that consensus are?consensus?
Dr Pachauri:Research has to depend on funding that Dr Pachauri: One area where I think there is a

growing, strong consensus is in respect of the cost ofis provided, whether by the European Union or
individual governments or other international mitigation of greenhouse gas emissions. I believe if

one were to look at options by which you couldorganisations, but that does not in any way distort
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example, some argue that the convergencereduce emissions there are so-called no regrets
options, so-called negative cost options, where you assumption is a piece of political correctness and it is
can bring about eYciency improvements and not realistic to suppose that poor countries’ and rich
technological advances by which, without in any way countries’ incomes will be equalised by 2100. Others
aVecting human welfare in a negative direction, you say the report makes inappropriate use of a market
could reduce emissions. There are ample studies to exchange rate approach to aggregating incomes and
show that this is done. I lived in the US in the early that purchasing power parity should have been used;
seventies and I recall vividly the period that we went and that these two assumptions result in an
through with the first oil price shock. Everybody exaggeration of emissions projections. Can you let us
thought that the economies of the world would have you view on this and how far was this debate
collapse as a result but there was such a resilience in conveyed to you as chairman of the IPCC?
terms of new technologies being developed, in terms Dr Pachauri: I have been involved in this debate right
of eYciency improvements in the use of energy, that from the moment I took over as chairman of the
pretty soon the world was on track. That is only a IPCC. As a matter of fact, we organised a meeting a
small period I am referring to, but if one looks at a couple of years ago in Amsterdam where I took the
whole range of examples, even in the developed initiative of inviting two of our critics on the
countries, there are enormous diVerences in the methodology for coming up with these scenarios in
technologies that are used and the relationship the hope that we might be able to arrive at some
between energy use and GDP. One can allow for agreement. I would like to point out two issues here.
diVerences in climate and so on. There are some On the question of the down-scaling of growth rates,
countries where you need much more space heating I am afraid there has been a bit of a distortion of
and so on but I think today there is an enormous facts. There is a website that is maintained as an
opportunity by which you could reduce emissions assistance to the IPCC in which some years ago
without incurring significant and in some cases any people down-scaled growth rates and came up with
costs at all. A lot of these options have substantial some estimates for countries in Africa and elsewhere,
local benefits. It is often pointed out that if China and which incidentally were not approved by the IPCC.
India were to go the way of the developed world, look They do not represent the work of the IPCC; it is only
at the number of cars we would be running on our as a form of assistance to the IPCC and IPCC
roads and streets. I see no reason why we should researchers. The controversy started with some
adopt that path. There are enormous benefits in conclusions that were drawn from those totally non-
setting up eYcient public transport systems which IPCC, unauthorised data that were available. On the
will create local environmental benefits, which will issue of whether there would be a convergence, we
reduce congestion to a large extent, which would have data on the long term growth rates of several
make transportation and locomotion available to the countries. If you look at Korea, Japan and some of
poorest of the poor who cannot possibly aVord the others, they fit in very well with the scenarios that
privatised transportation or private vehicles. Quite we have come up with. Today, if one looks at the
apart from the costs involved which in a number of estimates drawn up by Goldman Sachs on Brazil,
cases are extremely low if not negative, there are also Russia, India and China, their projections clearly
substantial local benefits or co-benefits from several indicate that by the middle of the century these
of these measures. There is a growing body of countries are going to be fairly major economies in
literature on the economics of these options, not to the world. More recently you have probably read
speak of possible technological changes in the future about the CIA report which more or less comes to the
which at the moment cannot even be estimated. On

same conclusion. I would suggest that the scenariosthe adaptation side, yes, the impacts and the
developed by the IPCC are certainly not out of lineadaptation area are where a lot more economic
with what we see happening in the rest of the world.analysis is required. I am afraid when you deal with
All this is drawn on the work carried out by severalissues of morbidity and mortality you run into a very
models, by several projections that have beenserious ethical issue. How can you value human life?
developed by a very competent set of researchers.Professor David Pearce is here. He knows some of the
Nothing that we have produced is on the basis ofheat that was generated in trying to come to grips
research by anybody in the IPCC itself. It is on thewith an evaluation of morbidity and mortality in
basis of peer reviewed, model-driven literature whichdiVerent parts of the world. On impacts and
has gone through the usual processes of review andadaptation, I concede there is a lot more work that
acceptance. On the question of PPP versus marketneeds to be done and I hope social scientists will get
exchange rates, our critics do not mention that we didinvolved in this on a much larger scale.
have some PPP-purchasing power parity-related
model runs which did not deviate significantly fromQ168 Lord Skidelsky: I want to listen to your
what we have achieved from the other models thatopinion on two key assumptions which underline the

emission scenarios produced by the IPCC. For have been used. The use of purchasing power parity
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Dr Pachauri: It is for this reason that we have a rangeis not such a simple matter. It is a very useful device
between the lowest levels that might be attainedfor looking at welfare levels across diVerent societies
versus those that are at the upper end. It is fairlyat a given point of time, but when you are making
plausible to come up with scenarios of the future.projections for the next 100 years, how does one alter
After all, there are modellers; there are economists,the parity between market exchange rates and
who are grappling with these problems on apurchasing power parity, particularly as economies
continuous basis. It is really the work that they havedevelop, where this relationship will change over a
carried out which has provided us with the basis forperiod of time? Subsequent to all this criticism,
our scenarios. To be quite honest, one really does notseveral of our colleagues in the IPCC have carried out
know what will happen five years in the future but,runs, which incidentally have now been published,
given the momentum of economic activity worldwideusing purchasing power parity, and there is hardly
and a set of plausible assumptions where evenany deviation between their projections and what
businessmen have to make projections, severalwe have.
companies are looking at the year 2050. These are
companies that are driven essentially by their

Q169 Lord Skidelsky: So the critics have influenced objectives to maximise profits in the next quarter. If
the methodology. In other words, they have one is looking at global challenges, clearly as a species
stimulated the IPCC. we need to look at what is likely to happen 100 years
Dr Pachauri: We welcome that. It only validates the from now.
methodology that the IPCC used earlier. It does not
require any deviation from it. Q172 Lord Sheldon: In the beginning of the last

century, it was thought that coal would be running
out and the world would change fundamentally in theQ170 Lord Skidelsky: What strikes me is that the
next 100 years. That has not happened because ofconvergence scenarios are historically blind. If you
changes in power supply. All sorts of things cantake a long period going from 1600 through to the
happen in this period which render completely19th century, you start from a position of
useless some of the projections that can be made soconvergence between the major economies of the
far into the future, surely?world at that time and then there is a process of
DrPachauri:We have had major changes. Who knewincreasing divergence and the forecast is that this will
that nuclear power would come into existence?now be reversed and that you will get increasing

convergence. There are so many intervening events
Q173 Lord Sheldon: Exactly.here, I do not know how you can make any kind of
Dr Pachauri: Similarly, with our knowledge today,projection with any confidence.
we can certainly project what kinds of changes mightDr Pachauri: If one looks at the 20th century, I am
take place in the use of renewable sources of energy,afraid there has been a sharp departure from what
whether there might be a resurgence of nuclearone saw from the 17th century onwards. We are
energy, so all of these things have been taken intodealing with a period when there is much greater flow
account in giving us the range of projections that weof capital and technology. There is also an accretion
have come up with. Nobody can swear by it but it isof human capital in diVerent parts of the world. We
something that is based on some fairly strongare dealing with a totally diVerent world. What we
assumptions and fairly plausible factors that mighthave based our scenarios on and the models that have
bring about changes. It is for this reason that we haveprovided us the ammunition for these scenarios is
a range. If we are looking at an issue like climateessentially work that has been done in the 20th
change, I am afraid we just have to go that far into thecentury, going back in time and seeing what would
future because what has happened so far goes back tohappen in the 21st century. The extensive literature
the beginning of industrialisation. The accumulationthat we have used in arriving at the scenarios for the
of greenhouse gases in the earth’s atmosphere hasfuture is based essentially on fairly solid work which
taken place cumulatively over this period of almost arelates to the modern day world.
century and a half and therefore we have no basis but
to look at the end of this century.

Q171 Lord Sheldon: You may have had solid work
in the past but 100 years into the future there are Q174 Chairman: Since we started this study, I do not
things that are completely unknown. It surprises me think you have any diYculty in persuading us that
that you have thought of taking this so far ahead. I some of these projections are pretty diYcult to arrive
can understand the next 30 years. One can make at. If you were to look at the figures produced, what
some reasonable assumptions but much beyond that sort of assumptions have been made about what is
and one is almost in dreamland, I would have going to happen so far as nuclear power is concerned

in the next 50 or 100 years? What view does the IPCCthought.
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the policy framework does not give you the kind oftake? I ask this question because I read somewhere
last week that China is planning to build 300 nuclear signal to move in that direction and therefore we also
power stations. There are only just over 300 in the need some changes in pricing systems, whereby we
world at the moment. These are massive decisions take into account the real price of electricity from the
that may or may not be taken, as far as I can see. How grid, the externalities that are imposed. So there is a
do you project all that stuV into your future? whole range of things that could be done and I do not
Dr Pachauri: It is based essentially on the work that think they would in any way lead to loss of welfare of
has been done by a whole range of researchers and any community.
that has been published. Given that China is growing
very rapidly, there is a substantial amount of work

Q176 Lord Lawson of Blaby: There is an institutionthat is being done to look at China’s energy future.
known as the market which gives signals. If it is clearWithin that, there are all kinds of possibilities that
to you that for example there are significant thingshave been put forward, modelled and looked at in

terms of the implications. We have just taken all of that could be done where it would be cheaper to do
that into account in developing our scenarios for something new, why does this not happen?
China, for India and other developing countries, and Dr Pachauri: The market very often does not take
of course for the developed countries as well. It is the externalities into account. There are also subsidies in
aggregation of substantial research that has been several goods and services which are very diYcult to
done across the world and that is the best we can do. remove. If you take nuclear power, in most countries

in the world it is heavily subsidised in one form or the
other. If one looks at the price of energy produced byQ175 Lord Layard: We have been talking mainly
nuclear power stations, it is really not an accurateabout the IPCC, its procedures and its conclusions. I
reflection of what it costs in the market. Rationalisingwonder if you could say a little about what your own
prices is particularly important. Also, an area that wepersonal view is both on the science and what has
need to look at carefully is the whole issue of energybeen going on and what are the things which seem to
security. If we look at the projections of theyou to be the most likely; also, what kind of forms of
International Energy Agency, it clearly projects thatmitigation you think would be the most cost-eVective
by the year 2030 the bulk of increase in supply of oilif there is a real problem.
will be coming from a handful of nations in theDr Pachauri: There is a whole range of options that
Middle East, where production will have to go upare possible. I will not mention the country that I
from something like 19 million barrels a day to overwent to but, for example, it took me two hours to go
50 million barrels a day. That is almost a three foldthrough immigration and there was a car waiting to
increase. If the world is going to get dependent on oilreceive me. The person who was waiting to receive me
imports from a very small part of the world, there aresaid, “I thought you had not arrived.” I said, “It took
issues of energy security that somehow need to bethat long getting through all the procedures.” He
factored into policy.took me to the parking lot. The engine was running.

The air conditioner was running. He said, “It is a
warm day. I thought I should keep the car cool.”

Q177 Lord Lawson of Blaby: I am aware of these. IThere are simple things like just changing habits of
was for a time, like our Chairman, Secretary of Statethis nature. I was in Korea three months ago and the
for Energy in this country some years back. Fromchairman of one of the major companies said he went
your rather dismissive remarks about subsidies, doand saw this movie The Day After Tomorrow,
we take it that you are not in favour of subsidies tosomething that I do not necessarily support. He said,
those methods of power generation which do not“My son came home with me after watching the
create emissions?movie and said, ‘I am going to switch oV all the lights
Dr Pachauri: I would be in favour.because I do not want to contribute to climate

change.’” I am just giving these examples as means by
which human beings can cut down on something that

Q178 Lord Lawson of Blaby: That is what nuclearI feel is a waste of energy without in any way reducing
power is.human welfare. There are also means by which I look
Dr Pachauri: Fine. I agree, but that should be doneat my own country, India, where if we were to expand
explicitly. If it is for this reason, I would fully acceptthe grid to supply electricity in the villages, on a
the fact that you are building an externality which isrational, economic basis, that really would not be the
associated with, let us say, coal-based powerbest option in several parts of the country. We have
generation, into the cost of coal-based power.an enormous quantity of biomass. We have wind. We
Therefore, nuclear comes out cheaper. I fullyhave solar. Technologies are being evolved and I am
appreciate that. Whether one looks at a form ofprepared to sit down with anybody and show that

these would be economically viable. Unfortunately, taxation or subsidy are two sides of the same coin.
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Henderson, Professor Lindzen and shortly byQ179 Lord Lawson of Blaby: Can I ask a quick
question about “futurology”, the diYculty of looking Professor Lomborg. Yet, despite these apparent

uncertainties in climate cause and eVect, huge sumsahead? What do you do to try and predict changes in
technology and the economic eVects of changes in of money will obviously be spent in the near term in

the hope of benefiting people in the long term. As youtechnology? It seems to me very diYcult. Again,
based on my own experience, there have been say, people in the long term should be a lot better oV

than people are now and they will have more andenormous improvements and technological
developments in the carbon-based energies which better technology and scientific advances at their

disposal. If those huge sums of money were spent onhave made them very much cheaper than they used to
be. How much have you factored in for that, for development assistance to poor countries and

impoverished people now, would it not be the caseexample?
Dr Pachauri: That is a very diYcult challenge. I that it would be more just and more eVective in saving

lives? Do you have a view on these competing needs?appreciate that and, if I can express a personal
opinion, I have an enormous interest in technology Dr Pachauri: We are not looking at just one single

issue. The world faces a number of challenges. Itissues. In the fourth assessment report of the IPCC,
technology is one of the cross-cutting themes among would be excessively simplistic to say that all you

need to do is to spend money on so and so problemseven such cross-cutting themes that we have looked
at and that we are including. We need to look at aZicting the world. If you were to accept that climate

change is going to have some very serious impacts, ittechnology and the potential it is likely to bring very
carefully. I fully appreciate that we are really gazing is the poorest of the poor who are going to be

aVected. There are hundreds of millions of peopleinto a crystal ball. It is very diYcult to say what the
impacts of technology will be in the future but at least who are purely dependent on rain-fed agriculture.

These are extremely poor people. If there is going toover the next 30 or 40 years we might come up with
some intelligent estimates that could be taken into be a change in precipitation patterns, if these people

are not going to get enough drinking water for theiraccount.
very basic human survival, is it not necessary for us
to look at the impacts of climate change? You canQ180 Lord Layard:Given that we are talking about

a public good, the level is something we can debate attach whatever probability you want to it. As a
rational decision-maker, I cannot conceive of merelybut we surely should not just be taking technology as

something which is going to happen? It should be isolating one area for funding on a grand scale and
leaving out everything else. We have a problem ofcentral to climate change policy. I do not know if you

can say anything about how you view the eVorts of disease all over this world. I was talking to people
from the small island states in Mauritius a few weeksthe government supporting research in the area of

hydrogen or whatever to produce really new, carbon- ago and they said, “Suppose the sea was a foot higher
and the tsunami was to take place in the year 2080.free sources of energy. Is this something which is

being addressed seriously in the funding of Can you imagine the extent of devastation that would
take place?” Climate change is not something wegovernment research around the world?

Dr Pachauri: I would say not seriously enough. It is need to see in isolation. There are certain initial
conditions that we have to define. If the eVects areprobably useful to get industry involved as early as

possible. Even where government is funding basic going to raise the threshold of impacts to a point
where it is going to aZict a large part of humanity, Iresearch, it would be particularly helpful to have

some kind of public/private partnership conceptually do not think we can be ignorant of that possibility.
My submission is there is no silver bullet; there are noin place so that industry which knows how to take a

concept to commercialisation is fully engaged in the simple solutions. We really need to look at humanity
in its entirety and the problems and challenges thatpossibility of making these technologies work. I

personally believe that we are not doing enough and we need to tackle. Climate change is up there. We
cannot ignore it.I think this should be an important part of public

policy in diVerent parts of the world. Chairman: Thank you very much indeed. We are
extremely grateful to you. It is a tricky subject to get
to grips with. You have done your level best to helpQ181 Lord MacDonald of Tradeston: We have had

on this Committee the consensus view on climate us understand some of the issues and I am most
grateful.change challenged by Professor Robinson, Professor
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Examination of Witness

Witness: Professor Bjorn Lomborg, examined.

Q182 Chairman: We are most grateful to you for Q184 Chairman: Would you take the view that the
diVerence between the one range of options and thecoming along too. I know you were sitting through

the previous session, so you know exactly how we other range of options presents very significant,
diVerent policy decisions to be made following whichproceed. Is there something you want to say at the

beginning? one you take?
Professor Lomborg: I thought it might be good to give Professor Lomborg: They certainly indicate that the

damage will hit diVerently. If we are in the low end,away the bottom line. Global warming is happening
and it will have a serious impact. However, trying to up to about three degrees Centigrade increase. It will

primarily hit the Third World. Whereas if we godo too much to avoid global warming will also be
costly, so the real dilemma and the crux of the beyond three degrees it will also start having an

impact on the First World. One of the things thatdecision that we have to make as individual nations
and as a globe is to decide how far should we go complicates the decision and what we can do is the

final parameter, namely the marginal idea, becausealong. Unfortunately, the problem is it is going to be
fairly costly to do fairly little for people far into the obviously it does not do very much good to say,

“There are going to be huge damages”, if what we canfuture if we decide to go far in the mitigation part;
whereas that money could otherwise be spent on do about those damages is very slight. Dr Pachauri

was mentioning that hundreds of millions of peoplemany other things that would probably do more
good. are dependent on rain-fed agriculture, so clearly we

should do something if global warming could
seriously aVect that rain-fed agriculture. Surely that

Q183 Chairman: You have answered the question I is not the argument. It could only be the argument
was going to ask you which was whether you share that we should do something if we could indeed
the view of scientists who say we are witnessing change their fortune. We have to look at what is the
human-induced global warming. To some extent you marginal impact of what we can do. Even if we are
share their view but you are sceptical as to whether it going to have a situation where we will impact on the
is quite as extreme as some people make out. high end of the temperature scale, we still have to

look at how much change can we do with politicalProfessor Lomborg: There are several issues on the
science part. I do not doubt the fundamental idea initiatives.
that if you put out more carbon in the atmosphere, all
other things being equal, it will get warmer. There are

Q185 Lord MacDonald of Tradeston: Where wouldstill a lot of uncertainties but my argument is in
you put climate change in that list of, say, the top tengeneral if there are a lot of people who spend a large
priorities? I know you have attempted through theamount of their professional time looking at that
Copenhagen consensus to ask a whole range oftheir arguments and models are probably better than
scientists what their priorities were. How were theyour intuition as to what will happen. The climate
ranked and where would you think climate changemodels that we have are the best we have and the best
sits in them?understanding that we have right now. However,

there are two important qualifications. One is the Professor Lomborg:The important part about ranking
issues is it does not make sense to rank problems.climate sensitivity which tells us how much is climate

is going to warm up if we double the amount of Probably the biggest problem we have in the world is
that we all die but we do not know how to solve it.carbon in the atmosphere. That has pretty much

remained constant, the uncertainty that we have on You have to rank solutions. You have to rank what
can we do something about. There we have a groupthat parameter, since the mid-1970s, so in that sense

we have not become any smarter since the 1970s. It is of eminent economists including Nobel laureates to
try to set prices on costs and benefits of diVerentstill somewhere between 1.5 and 4.5 degrees

Centigrade increase. The second part is what is going things that we can do to do good in the world. They
found the top outcomes were dealing with HIVto happen over 100 years. I totally agree with Dr

Pachauri. We have to make assumptions about what AIDS, with malnutrition, with free trade and
malaria. At the bottom where they came in with badwill happen because we do make decisions that will

last so long. On the other hand, we also have to ask proposals were proposals like Kyoto and proposals
that would go even further. It is important to say thiswhich of these scenarios is more likely. There, I think

the IPCC has chosen a somewhat timid way of saying does not mean that they did not feel that some step
towards dealing with global warming would bethat they are all likely, but some clearly are more

likely than others. relevant but not nearly as far as Kyoto.
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a problem. One of the good ways of showing that isQ186 Lord Sheldon: You say in some of your
writings that the growth rate suggested is about 1 per for instance in Britain, where we know that if we get
cent a year and your suggestion is that it is about 0.6 higher temperatures it will mean that we will get more
per cent a year. Is this limited to the diVerence heat deaths. It is estimated that Britain will probably
between the IPCC and yourself? get 2,000 more heat deaths with global warming in
Professor Lomborg: No. The IPCC is now running its about 2050. On the other hand, you have to realise it
scenario assumptions so it is no longer relevant to means we will have fewer cold deaths. Since cold
talk about the 1 per cent of the 0.85 per cent CO2 deaths vastly outweigh heat deaths, it is estimated
equivalent increase per year. It is mostly in that there will be perhaps 20,000 fewer cold deaths.
presentations, for instance, in Scientific America. You need to have these things in perspective. The
Lately, you saw the study that showed that we are bottom line is that there will be problems, especially
getting more and more heatwaves in Europe. That for Third World countries at what I see as realistic
was also run on a 1 per cent increase and it is temperature increases of two to three degrees
empirically unlikely that we are seeing that kind of warming. It will be a mixed bag for most developed
increase. We are probably seeing an increase of 0.6 countries.
per cent. It matters in that it tells us that we are
getting too many troubles too soon, but it is not
relevant for the IPCC work now. Q189 Lord Lawson of Blaby: You were listening to

Dr Pachauri’s evidence. There is obviously a huge
measure of agreement in this area but are there anyQ187 Lord Sheldon: The diVerence between you
points of disagreement that you would have with himcould possibly be narrowed over a period of time
or any observations of that kind which you wouldthrough diVerent arguments and papers being
like to bring to the Committee’s attention?presented, could it not?
Professor Lomborg: It is probably mainly on theProfessor Lomborg:Yes. I argue that it should be, and
question of cost, where Dr Pachauri argues fromit has been in many of the simulation runs in the sense
what is known as the bottom up part of economics,that they are now running with the scenario
where they are telling us there are a lot of free lunchesoutcomes which diVer very widely but also have some
around. There are a lot of things we can do at no cost.of the ones in the low range. I am pointing out that
Most practical economists, certainly macro-there is a sense of a reference term that is used of 1 per
economists, would tend to dispute that and say it iscent carbon equivalent increase and that is an
unlikely that there are 10 dollar bills lying aroundunrealistic assumption. It simply gives us a sense that
that companies routinely neglect to pick up. It wasthings are going faster than they really are. That is
very clear in some of his examples that he was saying,sometimes used in public communication but not by

the IPCC any more. for instance, when he saw the car waiting it had been
cooled for him when he arrived, so it had been
wasting energy on his account for those two hours.Q188 Lord Lamont of Lerwick:Accepting that it is a
On the other hand, I think he probably found itquestion of costs and benefits and concentrating on
rather nice that it was cooled when he finally enteredsolutions, not just entering into a lot of Domesday
the car. The driver could have saved that money andscenarios, could you briefly say what you think the
that amount of emissions had he turned oV the airmain categories of damage, if there is such a thing as
conditioning but it would also have been a lessclimate change, were? You have referred to rain-fed
pleasant car to get into. There are those trade-oVsagriculture. Presumably there are some benefits as
and if we want to do good things it will typically costwell in other parts of the world?
money. I would agree with Dr Pachauri that we needProfessor Lomborg: Yes. One of the impacts
to make sure that we cost externalities but likewise wedemonstrated by the IPCC is sea level rise, which will
should be careful not to count them twice. If we wanthappen everywhere, which will be in the order of 30
to put cost on externalities, we should also beto 50 centimetres by the medium estimates of the

diVerent models. That is a significant amount and encouraging extra implementation of renewable
that will mean that we will have to take more care of energy, for instance.
our coast lines. It should however be realised that
over the last century sea levels rose somewhere

Q190 Lord Sheppard of Didgemere: You have madebetween 10 and 25 centimetres, so it is not something
your thinking on scenario planning quite clear, butthat we are unused to having to deal with. It will
can you explain in a little more detail? In your booksmean general temperature increases although they
you criticise the IPCC method of construction. Canwill be spatially distributed and diVerent, but that
you then move on to the probability theory and talkwill especially harm the Third World or tropical
to us about which of those scenarios you think are thecountries that are already in warm areas; whereas for

many temperate countries it will be both a boon and most likely?
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dialogue with businesses? Do we know what their 10Professor Lomborg: Yes. As I briefly mentioned, I
think there is a problem in the fact that IPCC has or 20 or 30-year thinking is on use of energy?

Professor Lomborg:No, I am sorry, I do not know verydeclined to say that some scenarios are more likely
than others. It means that we are basically faced with much about it.
a huge variety of diVerent outcomes, and apart from
the fact of climate sensitivity, which also has Q193 Lord Skidelsky: Can I probe you a bit further
uncertainty, we simply have a vast range of on policy on global warming? In your book you
temperature outcomes that could go from only suggest that the damage from uncontrolled emissions
“slightly troublesome” to “dramatically would be in the order of 5 trillion, and the costs of
problematic”. What I tried to argue is that it really control would be in the same order of magnitude,
comes down to the issue of saying, “How much is it perhaps a little less. Are those numbers still in the
likely that renewables will gain in price eYciency over right ball-park?
the century?” There are good reasons to believe, as Professor Lomborg: Yes.
the models have also shown, that since we have seen
dramatic decreases in the cost of renewables on

Q194 Lord Skidelsky: If they are, what are theaccount of about 50 per cent per decade over the last
implications for policy? I can think of perhaps three.30 years, it seems likely that even if that continued at
One is reducing the damage by controlling emissions;the rate of about 30 per cent, you would see that
the second might be trying to compensate people forrenewables, and especially solar energy–which will be
damage without controlling emissions; and the thirdthe long-term power source if we are getting into
might be to do nothing or very little and leave it torenewable solar panels—will become competitive
market forces and technology that is still unknown toaround the mid-century. If that is the case, then it is
just reduce the level of emissions. Is that the range ofvery unlikely that we would continue to use massive
options you would be interested in considering? Haveamounts of fossil fuels by the end of this century.
I left anything out?Then we have an outcome which is the A1-T, the
Professor Lomborg: It is important to clarify that I dotransition scenario, which I find the more likely one,
not do these models myself. This is perhaps the mostfrom the UN climate panel, which is also right in the
respected global cost-benefit model developed bymiddle of most of the scenarios that the UN has, and
Professor Nordhaus with Yale University, and thewhich gives a temperature increase of 2.5 degrees. It
scale of the magnitude is about right. The total cost

seems much more likely that we will end up in a range discounted to today’s money, so in essence what we
of about 2-3 degrees, which is where the majority of would have to pay to cover all damages that will
the scenarios are. It does not mean that it is the very come at any future time, would be about $5 trillion.
lowest, but it also does mean the high end of 5.8 What you have to then say is that if we went on to
degrees simply is a combination of assumptions that control it, in the sense of an extended Kyoto—of
seem fairly unlikely to happen. course it depends on what we actually do, but if we

did an extended Kyoto, which would basically freeze
the levels at about 1990 levels for the entire world,Q191 Chairman: What role would you have for
which does not seem like an absolutely impossiblenuclear in all of that? How do you see nuclear
follow-up—certainly some musings from the EUdeveloping in those future scenarios?
have been on that kind of a solution for the worldProfessor Lomborg: It is important to say that I am
after 2012—if we were to choose that kind ofarguing for what we should be doing, but I do not
outcome, the total cost would run somewhereknow what China is going to do, as you have just
between $8–9 trillion, so in essence $3–4 trillionmentioned. I do not know their mind. I think, bottom
more. It is important to say it is not $5 trillion versusline, what we have seen so far with nuclear is that it
$4 trillion, because then it sounds like you shouldis a more expensive way of producing energy, which
pick the 4 trillion. It is $5 trillion and the four more. Itseems to indicate that it is not a good long-term
is important to say when you are talking about cost-solution, and that the majority of the expansion that
benefit analysis that you are not looking at thewe are going to see in world energy requirements will
distribution between people; and that is an importantbe in the third world, and then we might also have
issue, which you rightly raise. That is one of thesecurity concerns over the waste materials from
reasons why many people would argue that it wouldnuclear processes.
be immoral for us to say, “well, it is going to be very
costly for us to do something now, like carbon

Q192 Lord Sheppard of Didgemere: The previous emissions; it is going to be a problem for people in the
speaker did not say much about how he and his Third World especially, but that is 100 years from
colleagues were talking to users in a particular now and it is not us, so why do we not just keep the
industry. In your dialogues in your home country and money?” In cost-benefit terms that would be a

rational outcome but we might not feel that to be aother parts of Scandinavia, have you had much
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a view, but I can see the danger of conducting thismorally correct outcome. But then the argument is:
should we then try to compensate these people discussion in terms of expected value when we know

the costs but we do not know the damage.directly? I do not see that there is any way that we can
reasonably do that. Should we then try to help them Professor Lomborg: You are absolutely right that we
in some way? I think most people would be inclined have to be more explicit, but I think you will find it
to say “yes”; and the question then becomes: should gives much the same impact—although Tol, who
we help them through the way we limit damage, that comes after me, will probably give you much better
is by limiting our carbon emissions, which is a fairly information on the expected damages. The bottom
ineYcient way of helping them; or should we rather line here is to say that if we are in a world where, if we
be helping them in general in the sense that we help put out carbon dioxide for a suYciently long time, the
people in those areas with the top priorities from the monsoon will fail or the Gulf Stream will turn or the
Copenhagen Consensus, saying we deal with HIV/ West Antarctic ice sheet will slip, then the real
AIDS, malaria, micro-nutrient deficiencies, and free question here again is not to say would we rather not
trade, enabling these countries to get much richer in have that—of course we would not—but the real
the long term? policy issue is, would we then want to do Kyoto,

which would probably postpone the collapse of the
Gulf Stream or the stopping of the monsoon or theQ195 Lord Skidelsky: And they are less dependent
slipping of the West Antarctic ice sheet for six years?on those factors which might—
It is really a question of asking how much you areProfessor Lomborg: Yes, yes. At the Copenhagen
willing to spend to postpone those problems, ratherConsensus one of our participants, Tom Schelling,
than to avoid them. Of course, as you move furtherput it very eloquently. He said, as you also mentioned
along and say you are willing to make very, veryearlier, that it is likely by the UN scenarios in 2100
strong changes in your emissions, then you can alsothat the poor countries will be much richer than they
actually change the outcome of these. Mostly, andare now, probably even richer than we are now; so
certainly when we are talking about realistic cuts inwhen we are talking about helping Bangladesh in
carbon emissions over the coming decade, I would2100 we are really talking about helping a rather
say we are only talking about postponement. NoaZuent Netherlands, and we have to remember that.
matter what damages lie ahead, it is really just aHis idea, his thought experiment, was to say:
question of how much it is worth for us, if those“Imagine I was a rich Chinese or a rich Bolivian or
damages were to happen, to postpone them forrich Congolese in 2100, looking back on 2005 and
some years.saying, ‘how odd, they cared so fairly much for me

and spent so much money on helping me rather little,
now that I am so rich too, and cared so fairly little for Q197 Lord Layard: Am I right in thinking that the
my grandfather and my great-grandfather, who reason why the oft-quoted fact that Kyoto will make
needed the help so much more and whom they could almost no diVerence in 2040 is because of the very
have helped much more’.” That encapsulates the real long lags between the greenhouse gas build-up and
dilemma: should we help people in a hundred years the temperature eVect? In which case, is it correct that
from now ineYciently or should we help people now the Kyoto agreement will have much more eVect after
eYciently, and thereby also their descendants, and 2040 than it would before, and is it misleading just to
make them a much more resilient society better able focus on the 2040 vision? Equally, if you had the
to deal with the problems that they will have no follow-up to Kyoto, is it right that we should be got
matter what? into this fatalistic mood that we have got into by this

statement that Kyoto will have no eVect by 2040 if
similar things to Kyoto could have a big eVect furtherQ196 Lord Layard: Is it not the case that we know
on? We must agree that we have to look further on aspretty well what the costs will be, but we do not really
well, precisely because of these lags.know what the damage would be? It may be the
Professor Lomborg: It is in fact not true that—itaverage damage that is applied, but we are talking
depends what you think and how you define “bigabout extreme uncertainty when we come to the
eVect”, but in 2040 it will have no measurable eVect,damage. For example, we know that if the Indian
but still in 2100 it will postpone global warming formonsoon is plus 10 per cent, you get major flooding,
about six years. No, it will not have a major impact,and if it is minus 10 per cent you get a lot of drought.
nor if you look in the very long-term. This isWe really do not know how the spread of the
assuming that in 2012 you just keep the promises thatmonsoon will be aVected by this. We are talking
you have already made, but you make no new ones.about 1 billion people. To have the discussion in
Basically, if Kyoto is just defined as the 2008–12, itterms of expected values, when at one end it would be
will have absolutely no eVect whatsoever. So we arecatastrophic for a whole continent and might lead to
assuming at least that we keep those promises for themass migrations, which would have a big impact on

all kinds of people—this is the problem. I do not have rest of the century.



3091991012 Page Type [O] 24-06-05 17:33:37 Pag Table: LOEANY PPSysB Unit: PAG4

67the economics of climate change

1 February 2005 Professor Bjorn Lomborg

cheaper. Just to give you an example, the US spendsQ198 Lord Layard: The statement on Kyoto is that
after 2012 we abandon Kyoto and go on to the about $200 million on renewables research and

development. If they increased that eVort tenfold itgrowth path we would be on anyway.
would still just be about 1 per cent of the cost ofProfessor Lomborg: Then it would have no eVect
Kyoto, and it would probably do much, much morewhatsoever. You would not be able to measure it. My
good. Again, it is about making sure that we makestatement is that if you keep Kyoto for the rest of the
the long-term interests more in line with what wecentury–that is the Kyoto requirements, namely 5.2
want, namely for people to switch over to renewables,per cent below 1990 levels for the rest of the
but not to try to cut right now, which is expensive andcentury–it will postpone global warming for six

years. Of course, if you do more it will have a great does fairly little good.
impact. There is no doubt that you can achieve more.
What is regularly forgotten in that discussion though

Q200 Lord Layard: Dr Pachauri talked about theis that you cannot say, “Kyoto is going to cost
various views that were taken into account with theperhaps $150 billion a year and it is not going to do
IPCC and yet we have also been talking about anvery much good, but we are going to do much, much
overwhelming consensus, a very powerful narrativemore later on”. Then of course the cost will also rise,
that has developed, which is obviously diYcult forand you need, if you are going to compare the two, to
people like yourself to speak against, because if I amcompare like with like.
right you suVered a lot of personal attack and
professional vilification for what you have written.

Q199 Lord Vallance of Tummel: If you had the Has that climate changed in the last couple of years?
power personally to determine the next round of Is it more tolerant with more open debates, or do you
international negotiations post–Kyoto, what would feel there are still oppressive factors at work?
you prescribe? Professor Lomborg: It has probably got better, but you
Professor Lomborg: The problem with much of the also have to realise that we are really asking the
discussion around climate change is that we tend to wrong people to be tolerant. Obviously, if you are
think about what we should do over the next 10 years, talking about climate change, that is your ball game,
whereas the real discussion is to make sure that we and IPCC is bottom line talking about the fact that
deal with climate change over a 50-year or 100-year we should do something about climate change. I am
period. There are two versions of this. Firstly, it will simply trying to say maybe we should worry more
be exceedingly diYcult to get the developing about other issues. We should worry about the long-
countries in on cutting emissions. It will get term, but that is still a fairly small financial
exceedingly diYcult to keep those promises as we get investment, about changing incentives towards
more and more loopholes. We are basically asking a renewables. But, very much so, there are other
lot of nations to do what is not in their individual pressing issues where we can do a lot more good, like
interests but only perhaps in their collective interest, HIV/AIDS and malaria and other issues. When you
so it is a very, very diYcult treaty to go through. We are basically talking about where you should be
have already seen this for Kyoto, just for the spending the money, it is obvious that people who get
European Union. I predict that several countries will out on top of such a list will love you, and people who
not make the cut when we come to 2008 and it will be get out in the bottom are not so inclined to do so.
a very hard bargain just to get there, and there has
certainly been a lot of political will. In that sense, it

Q201 Lord Lawson of Blaby: One thing you said awould make much more sense, instead of trying to get
moment ago may be true, it seems to me, Professorcountries to do what is essentially not in their own
Lomborg—or it may not be true. You said that ifprivate interests, to get them to invest in research and
more money was spent into renewables there woulddevelopment, especially of renewables, to make sure
be technological benefits and the cost will comethat renewables get cheaper a little sooner, so that by
down. That may well be true, or not, but the other2050 renewables actually will be cheaper. Then, of
side is if the oil companies and governments are alsocourse, you do not have to convince any countries to
spending a lot of money on technology for producingtake over renewables because it will be cheaper than
oil more cheaply, particularly oV-shore oil, with hugeusing fossil fuels, and then obviously they will want
technological benefits, the cost of conventionalto do so. The second thing is that it is probably likely
energies might also come down. It seems to me a littlethat investment in renewables—although it is very
less clear than you said. We are concerned very muchhard to show with economic models—will be much
about public policy. On the whole governments havemore eYcient than, for instance, doing Kyoto. Just if
out-sourced—the fashionable thing nowadays—thiswe could move forward a few years to the time when

we shift over to renewables around mid-century, it area to the IPCC. Is that, in your view, a satisfactory
way to proceed and, if not, how should governmentswould have a greater impact on the climate than if we

all did Kyoto. It would probably be much, much proceed?
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something about it. That is no diVerent from climateProfessor Lomborg:Let me briefly answer the idea that
conventional resources will obviously also get change researchers. I think they are honestly trying to

do as well as possibly they can to tell us what is likelycheaper, but they cannot show any kind of increase in
their eYciency at the rate of 50 per cent per decade. to happen and what we can do and the impacts. But

of course they are also looking into a situation where,You are right that they will also get cheaper, but they
cannot compete hopefully with renewables as we as I think we all agree, global warming all in all will

be a negative. So it is something that inevitably youcertainly have seen them over the last couple of
decades. More to your point, you have outsourced will feel you should do something about.
the discussion to IPCC. I think it is entirely good to
the extent we want to know what is going to happen Q203 Lord Skidelsky: But there is a religious
if we put out so much carbon dioxide, what will element in climate-change arguments that you do not
happen if we put out less carbon dioxide—basically on the whole find in malaria research?
the natural science model of climate. But you might Professor Lomborg: No, I—well, you tell me.
want to consider whether you want to have the IPCC
running the discussion of where is it cost-eYcient and Q204 Lord Skidelsky: I am just suggesting it.
where should we otherwise do it. Basically, the Professor Lomborg: My feeling is that they are telling
mandate for IPCC is that we should cut emissions, the exact same story: “If we do not do something
and so perhaps it is a little hard for them to have here, terrible things will happen”, just like malaria
economists in there who say maybe we should not. So and just like anyone else. Of course, they are
you could imagine doing that elsewhere. Also, you probably telling us on a slightly longer timescale, but
have to basically take that discussion, which in the the bottom line seems to me to be the same thing. I
circumstances is a political discussion, namely should think it is good; it shows that these people are really
our first priority be to deal with climate change, or enthusiastic about their area.
should it be with some of the other issues that are also
on the world agenda, as I have tried to point out with

Q205 Lord Macdonald of Tradeston: But linkingthe Copenhagen Consensus.
that to Lord Lawson’s question, clearly the action
would have to be done at huge cost to governments.
Why should governments go along? Is there notQ202 Lord Skidelsky: I would like to elicit your
another approach to making decisions?views on what all this shows about the state of
Professor Lomborg: That is where I think politiciansscience, and the relationship between science and
will have to show their strength and say that manypolitics. You made the point that all climate changes
diVerent areas argue that we should spend moreare in the same ball-park and therefore you could not
money here, not only domestically—we both havereally expect them to be tolerant, but science is
national health services and the arts, and everyonesupposed to be a disinterested activity, and it has
wants more money—but also in the internationalbeen pointed out to us time and time again, including
area everyone wants more money, and everyoneby Dr Pachauri, that there is a consensus between
wants their problem fixed. So we have to setscientists that certain things are likely to happen, and
priorities. We have to ask ourselves if we can do a lotalso a consensus, though less of a consensus, on what
of good here and we can do a little good here, maybeto do about them, which is basically to slow down the
we should spend our money where it would do mostrate of emissions. If indeed there are valid criticisms
good first.to make of this approach, would you expect that in

the end there will be some re-evaluation of the
existing prejudice, or do you think that the forces of Q206 Lord Goodhart: Although there is a lot of talk
politics which influence what scientists say are so and stories about global warming and the possibly
strong—and the panic and hysteria which journalists disastrous consequences, is it not also true that
and others create from this—that there will not be politically it is extremely diYcult to persuade people
any really serious challenge? to accept a net reduction in their use of energy? Is it
Professor Lomborg: I do not think there will be any real oversimplifying what you are saying that it would be
serious challenge but I am not so sure I would be so more eVective to concentrate on finding alternative
pessimistic about the fact, because if you look at sources of non carbon-producing energy than to
another area, for instance malaria research, if I was a actually cut energy supplies?
malaria researcher I would feel strongly that it is Professor Lomborg: Yes. First of all, it is going to be
worthwhile to do a lot of eVort and that we really very hard, but the point is we can do pretty much
need to focus on it. All my research might be true, all anything we want. We cannot do everything, so we
my research about how we can do something about have to make sure that we do the right things. Of
malaria and how many people are out there might be course we can cut people’s carbon emissions right
true; yet I would also have the opinion that this is a now, but it will be very costly—or the flip side is that

it will have serious impacts on people’s well-being. Sovery important issue and we should really do
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it may be much more economic and much morewe have to ask ourselves if that is the right way to go.
eVective to tackle these by anti-malaria policies andI would generally argue that it is not, and that we
spending more on that, by doing what the Dutch didshould invest in long-term strategies instead. I think
many, many years ago in order to protect their low-you are on to something else as well, which is that it is
lying areas from flooding from the sea and so on. Youvery hard for politicians to say, “yes, maybe the Gulf
could focus on these things to see how you couldStream will turn, but it is going to be too expensive to
substantially reduce the damage that global warmingdo something about it”. It feels amazingly callous to
is likely to induce, rather than talking about othersay that. But the real point is to say: “The question is,
things like HIV/AIDS, which is perfectly valid to talkare we going to spend a lot of money on postponing
about, but in this particular context I think onlyfor six years the slight risk there is of this happening?”
confuses the issue.
Professor Lomborg: I see your point, and I think it is aQ207 Lord Goodhart: I am thinking of what
discussion of what is politically more valid. I wouldhappened over petrol price increases in this country a
say it is a more intellectually honest argument to saycouple of years ago. It is very diYcult to take steps to
we never compensate everyone for all the damagesforce people to use—
that civilisation does. We have a hope thatProfessor Lomborg: Frankly, that is also why we are
democracy in general makes a lot of diVerentgoing to see that a lot of countries, when Kyoto starts
decisions, and that they will not all be detrimental tohitting European countries, will realise that it will
some people; but there will be goods and bads incost them real money, and that will be somewhat
between. The bottom line is that it is much moreproblematic at least.
important for us to say, not that we are going to try
and help specific individuals, but that we are going to

Q208 Lord Lawson of Blaby: Dr Pachauri said the try to spend our money doing the most good we can
Chinese should not have cars and they should have in the world. I certainly take your point.
public transport. You are right about maybe a Chairman: We have come to the end of the time
slightly less broad-brush approach to the issue. available. On behalf of all of us I would like to say
Fundamental choices that governments and how grateful we are to you for coming and answering
politicians have to make might be perhaps more all these questions. You probably got the feeling by
illuminated. You say the Copenhagen Consensus the end that many of us sitting around the table have
said that the most important thing to put money on in the past had to make diYcult political decisions
is HIV/AIDS, but as far as I know there is no and had responsibilities, but that we all thought we
connection between HIV/AIDS and global warming. did the right thing at the time, and we look at our
If you are going to focus the public, which in successors in oYce and just wonder if they have the
democracies politicians have to do, on alternative same determination that we had, but it has probably
courses, surely it would be more sensible to say that been like this since the beginning of time. However,
there are certain consequences of global warming, let me say how grateful I am that you have come
like maybe an increase in the incidence of malaria and along to help us in what we are finding a diYcult

subject. You have helped enlighten us.the problems in the coastlines of low-lying areas; and

Memorandum by Professor Richard S J Tol, Hamburg, Vrije and Carnegie Mellon Universities

Abstract

Probabilistic scenarios cannot be avoided. If one is mainly interested in quantitative results, this is obvious.
A number is meaningless without a confidence interval. If one is mainly interested in qualitative results,
probabilistic analysis is not necessarily called for, or so it seems. However, an insight is meaningless if it is not
robust. Alternative scenarios are needed to test robustness. Alternative scenarios should span the range of not
implausible futures. That range can only be derived from probabilistic scenarios. Besides the question in its
title, this paper investigates whether the SRES scenarios span the range of not implausible futures.

The SRES scenarios were severely criticised by Castles and Henderson. That critique focused on the use of
exchange rates. The choice of exchange rates, however, does not matter much (relative to the other
uncertainties) for carbon dioxide concentrations and hence for climate change. On the other hand, the choice
of exchange rates does matter for assumed development pathways, and hence vulnerability to climate change,
and for the distribution of carbon dioxide emissions, and hence the distribution of mitigation costs and
responsibilities. The choice of the discount rate matters so much, primarily because of the convergence of per
capita incomes and emission intensities assumed in the SRES scenarios.
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The SRES scenarios were built with models that were originally designed for the analysis of energy policies.
Such models use scenarios, but here they were used to build scenarios. Using and building scenarios are
diVerent things. Also, for building emissions scenarios, more knowledge is required than knowledge of energy
systems. Furthermore, the models used were calibrated to data sets with a relatively short time span. Because
of funding constraints, validating the models against longer time series was never a priority.

I collected long term data on population, per capita income, energy use, and carbon dioxide emissions from
energy use. I plotted these data together with the four alternative projections according to the IMAGE 2.2
model. I used the data to estimate the Kaya identity in diVerential form. I extrapolated the model, and used the
forecast error to calculate the relative probabilities of the four SRES scenarios. The following results emerge.

The population scenarios are largely in accordance with history. It is peculiar that the A1 and B1 scenarios
have the same populations, even though their economies are very diVerent.

The per capita income scenarios for developed countries are largely in accordance with history. For developing
countries, this is not the case. China’s economy, for instance, has been stagnant if not declining for most of
the last five centuries. Only the last two decades saw rapid economic growth in China. All four scenarios
continue the pattern of most recent times. Rapid economic growth is also foreseen, in all scenarios, for other
developing countries. For Africa, this is a clear break with the past. The four scenarios foresee rapid
convergence of incomes across the world in the current century, even though the past two centuries witnesses
income divergence.

The projections of energy intensities only partly conform with history. The fastest decreases of energy
intensities in the scenarios are not faster than was observed in the past. However, the scenario foresee decreases
only, even though energy intensities have increased as well in the past. Energy intensities across the world
converge in all scenarios, not faster than the maximum observed rate, but always faster than the minimum
observed rate.

The projections of emission intensities for individual regions span the range of observed past behaviour. All
scenarios foresee further convergence of emission intensities first—in line with past observations—but
divergence later. The scenarios all show the same qualitative pattern of convergence, and diverge only
minimally quantitatively.

The above pattern suggests that the SRES modellers know a lot about the supply side of the energy system, but
less about the demand for energy. Their knowledge of economic development is lacking. Their demographic
expertise is sound, but strangely separated. My personal knowledge of the SRES modellers confirms this
assessment.

The relative probabilities of the four alternative SRES scenarios confirms this picture. The scenarios for the
period 2000–50 for populations each have probabilities of over 10 per cent; for emission intensities, the A2
and B1 scenario are most likely, but the other two scenario have more than a 0.1 per cent chance. For the
scenarios for per capita incomes and energy intensities, the situation is diVerent. Here, the A2 scenario is by
far the most likely, and the other three scenarios are extremely unlikely.

For the period 2050–2100, a similar picture emerges, albeit less extreme. The Kaya trend projection method
used here is, however, less suitable for projecting this far into the future.

If one applies the same trend projection method directly on emissions, the relative probabilities SRES
scenarios are all acceptable (that is, not lower than 10 per cent chance) for the period 2000–50. This suggests
that the errors in the underlying scenarios largely cancel each other out.

The following conclusions can be drawn. The SRES scenarios are not equally likely. The A2 is by far the most
realistic. The SRES scenarios do not span the range of plausible futures. The range of emissions can be
somewhat wider, and the range of underlying development can be much wider. The SRES scenarios do not
accord with past trends. On the one hand, this makes for interesting scenarios. On the other hand, it is odd
that all SRES scenarios break with past trends at the same time, and that this trend break is sometimes at the
point where data end and scenarios start.

The SRES scenarios are therefore useful as emissions scenarios. When used in climate models, they more or
less span the range of not implausible futures. The SRES scenarios are less useful for climate change impact
analysis, at least for those studies in which impacts do not only depend on climate change but also on
vulnerability and hence development. The SRES scenarios are less useful for emission abatement studies, at
least for those studies that use regional models and are interested in the distribution of mitigation costs and
responsibilities.

15 January 2005
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Examination of Witness

Witness: Professor Richard Tol, University of Hamburg, examined.

Q209 Chairman: Professor Tol, you are welcome. I exchange rates actually oVset one another2. At the
moment it is simply not clear whether they wouldknow you have been here sitting listening to how we

proceed and the way to handle this, but we are fully oVset each other or whether they would hardly
oVset each other, or somewhere in the middle. I thinknevertheless extremely grateful to you for coming

along. As I said to your predecessors, it is helpful to that Henderson and Castles overstated that bias. The
next issue is that the bias is there and we do not reallyus if you speak up and relatively slowly so that the

record is as accurate as we can make it. Is there know how large it is, but we can compare it to other
uncertainties that are in the projections. I think thatanything you want to say in advance of questions or

can we go straight to questions? most people working in this area would say that the
error or the bias introduced by (the exchange rate) orProfessor Tol: Only that it is an honour to be here.
choice of exchange rate is actually fairly small
compared to the wider uncertainty that there is about

Q210 Chairman: That is a very nice thing for you to the future. It may be a small bias. That is true on a
say, and we appreciate that. There are two aspects of global scale, if we are talking about global emissions.
your work that particularly interest us: the work you It is not true on a regional scale because Castles and
have done on the debate over the IPCC emissions Henderson are right that we should have projected
scenarios; and the findings of your Integrated slightly lower emissions on a global scale, but the
Assessment Model “FUND” on costs and benefits of whole issue with exchange rates you use does not
tackling global warming. On the first, the emissions really aVect the rich countries but only the currently
scenarios, we know you are aware of the debate poor countries. Therefore, global emissions may fall
sparked by Professor Henderson, who came and a little bit, but the portion in those emissions that is
talked to us a little while ago, and Mr Castles. What due to developed countries’ emissions grows
is your view on how this debate now stands? considerably and that of course changes the whole
Professor Tol: This is a very diYcult issue actually, so political debate on who is responsible and so on and
my answer will be a bit longer. The first point is that so forth. The real issue is actually there. The final
all of the scenarios used in the climate change debate point—and that is what I think is the real
have assumed convergence of per capita incomes. contribution of Castles and Henderson—that they
That was addressed before, but that is perhaps not a held the community that has developed these
valid assumption. But everybody has assumed that so scenarios to the light. They point out a great
far. Therefore, we basically have to live with that. It weakness in what has been done in the IPCC but also
is not so that you can just take a scenario and replace in other corners of the climate and energy
it with something else in a matter of five minutes; it community. That is where these scenarios come
requires a lot of work. All these scenarios assume from, and who builds them. If you look a little bit
convergence. Castles and Henderson are very right to deeper into this, you find that the SRES (and IPCC)
criticise these scenarios because they essentially scenarios were essentially built by people who know a
assume convergence based on market exchange rates,

tremendous amount about energy supply. If you are
which is ludicrous I think. It should have been based

interested in energy supply the team that built theon purchasing power and exchange rates, and
SRES scenarios are the dream team, that is the peopletherefore these scenarios are biased. It does not stop
you want round the table if you want to talk aboutthere. Castles and Henderson in their critique
energy supply. But if you then move to other equallyunfortunately forgot that there is another
interesting issues such as energy demand orconvergence assumption that has been made in all the
population growth or economic growth, you wouldscenarios, and that is the convergence of energy
find that the SRES team was perhaps lacking ineYciency, how much energy you use in your
expertise. Also, the modes that were used, the SRESeconomy. In all the scenarios that are there,
scenario exercises, were essentially models that haveconvergence is assumed as well. That is much more in
been developed traditionally for energy policyline actually with the historical evidence. The switch
analysis, and now all of a sudden these models havefrom MER to PPP for market exchange rate to
been used to build scenarios, and that is not whatpurchasing power exchange rates works the opposite
they were originally designed for. From thatdirection in energy eYciency because the gap in
perspective, historically, it was not a surprise that theenergy eYciency between poor and rich is obviously
SRES scenarios would at some point be criticised bymuch smaller, if you think that they are much richer
2 I should have said: If one switches from market exchange ratesthan you would think if you measured a market

to purchasing power parity, convergence of per capita income asexchange rate. So these two convergence estimates, well as convergence of emission intensity change, and these two
changes oVset one another.and convergence from market to purchasing power
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Q213 Lord Goodhart: It must be very tricky. Do youeminent economists such as Henderson. It may have
weight it according to the place and part of the worldbeen perhaps a surprise that it took so long! Another
that they are in? Do you value the cost of a life inpoint came to light during this whole debate—and I
western Europe higher than you do in central Africa?was at the very start of SRES, which was in 1996, and
Professor Tol: That depends on the analysis you areit was one of the most controversial debates that I
interested in. Originally these estimates are based onhave ever seen. Going back to the convergence
local prices. That is perfectly acceptable to most ofassumption, from the very start onwards it was clear
us, that if you want to compare costs of dyke buildingthat the SRES team had placed itself under
in India or in Bangladesh to costs of dyke building inconstraints of political correctness, that is to say
Netherlands, you would use a local price. By thebecause it is an IPCC exercise it has to be reviewed by
exact same logic, if you are talking about loss of lifeall the governments in the world, and if you come up
and you are using a local price, what would it meanwith scenarios in which the African countries, which
to them to have an increased risk of mortality orare a fairly large bloc (in the UN)—if they do not
morbidity and what would it mean to us? Initiallygrow fast enough, they will never approve our
these prices or values are local, and then the next stepscenarios. So this is what we cannot assume—and
is to find how you add them up and compare them.that self-censuring was right there from the start.
That strongly depends on what decision-maker you
are informing. In a national context these things are
well established. If you are designing a policy on roadQ211 Chairman: You have given all those erudite
safety in the United Kingdom, you would never saycomments, and they sound very convincing to me,
that Scotsmen deserved less safety than Englishmenbut I also form a conclusion that whilst they may be
because the Scots are poorer—or maybe they areright, at the end of the day they do not make much
richer now, I do not know. You would never makediVerence either. The emissions we are looking at are
such an argument because you would get killed innot so wildly out; they are just diVerent, but not
Parliament. There is no need to explain that here. ButsuYciently diVerent. What are you saying?
on a global scale you do not have that sort ofProfessor Tol: The switch from market exchange to
mechanism, so essentially you have to decide. If youpurchasing power exchange rate makes a relatively
were putting yourself in a position of a globalsmall diVerence in global emissions. It makes a large
dictator who controls the whole world—a benevolentdiVerence in regional emissions. But it particularly
dictator of course—or if you were to put yourself inpoints us to a lot of work that will need to be done in
a position as somebody in a global parliament, thenthe future still. I was at a meeting discussing this,
you would argue that somebody dying in Bangladeshthree weeks ago in Washington DC. That is how you
should be equally worthy as somebody dying in thestarted the question—where does the debate stand?
UK.After one and a half days of vigorous debate we

concluded there is something fishy going on. We do
Q214 Lord Goodhart: Even in this country, in thenot know whether it is a small fish or a big fish.
UK, when somebody is killed in a road accident and
their estate sues for damages, they will get more

Q212 Lord Goodhart: One of the things we are damages if they were more highly paid and lost more
looking at very closely here is the question of costs expectation of salary.
and benefits of climate change. Can you explain how Professor Tol: Very true. That is what would happen
damages from global warming would be calculated? if you were talking about a market system or a court
Professor Tol: Yes, I can, because that is what I have system, but as a national government you would
been doing for the last 15 years. Actually, it is very never design a policy that way. It depends on the

application and interest. From the perspective of thesimple—and that is a bit embarrassing because it is so
global decision-maker, it is quite clear that yousimple. One starts with estimating what we usually
should value everybody equally. From therefer to as the physical eVects—how much faster
perspective of a national decision-maker, that is notwould plants grow; how much higher would the
true. What matters to the UK Government is howdykes need to be; how many people would be killed
much they value UK citizens relative to Bangladeshior not get killed because of infectious diseases or heat
citizens. That is not necessarily related to howstress, or what-have-you? That is the first thing you
Bangladeshis value themselves.estimate, things that are physical or natural. The

second thing one estimates is what would be the price
of these things, or the equivalent welfare loss. It is Q215 Lord Goodhart: Do you put any kind of
easy if you are talking about dyke building and evaluation on things that produce an economic loss?
investment costs for building the dykes, but if you are For example, if one of the consequences of global
talking about loss of human life it is somewhat warming is the extinction of the polar bear, do you

put any value on that; and, if so, how do you do it?trickier.
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Q217 Lord Skidelsky: I would like to go back to anProfessor Tol: There is a debate on that. In my model
earlier part of this cost benefit analysis. Is there anyI do it. A lot of people prefer not to do it. I do not use
credible way of measuring emissions because thevalues for the polar bear particularly. The basic
whole calculation really depends on that? Everythingmethod is as follows. It is clear that people care about
else in the argument then depends on it because thesuch species and that people pay to go and see them
rate of global warming depends then partly on theand so on, so they represent a value to human-
rate of emissions. If industry burns coal, you can inferbeings—that is clear. The question is how to estimate
that a certain amount of CO2 will be released into thethat. There are more reliable or less reliable methods
atmosphere, but how much will obviously depend onfor doing so. If we are talking about species loss,
the technical characteristics of the coal-burners andunfortunately we are forced to use the less reliable
so on. I can see that you know what the world pricemethods because the reliable ones do not work; but,
of coal is, and you know how much coal is consumed,yes, they are included. Essentially, it is based on
and you can come to a dollar figure of total coalquestionnaires, asking people: “The polar bear is
consumption and therefore a figure for damage fromthreatened. Suppose that you could save it; how
CO2 emissions, assuming a certain relationshipmuch would you be willing to pay each year to help
between coal burning and CO2 emission. However,save the polar bear?” Then you can calculate the risks
how do you build in the technical characteristics ofand so on and so forth—what would be the value of
the diVerent types of production into this aggregatedthe polar bear. You can derive these values. They are
model? I am just interested because it seems to meawfully soft, I immediately admit. Unfortunately, if
that unless you have a credible method of measuringyou do not do it, then implicitly you set the value to
these things you also cannot begin to start tradingzero and that is not what you want, so you use these
emissions if you want to go on to policy.methods, and because the impacts of climate change
Professor Tol: There are two answers. First, I am noton eco-systems and species is still so vague, in my
a real expert in this, so maybe somebody else willmodel I only use average values for these things.
correct me. If we are talking about burning of fossil
fuels it is fairly easy. When you burn fossil fuels you
oxidise the carbon that is in the fuel, and that is theQ216 Lord Sheppard of Didgemere: I wonder if you
process of burning. You know how much carbon is incan help educate me on the concept of equity weights.
a tonne of coal or a litre of oil or a cubic metre of gasCan you explain how they are used and what the
because that is basically why you burn it, so it is fairlybottom-line eVect is on your model, and the
well known. If you are talking about cars, burningjustification?
gasoline, you either get carbon dioxide or carbonProfessor Tol: I already started to answer this in the
monoxide out, and you know exactly how much ofprevious answer. Equity weights are essentially a
this, and you also know to a fairly close degree whattrick one uses to come from the regionally divergent
is the share of carbon monoxide and carbon dioxide.prices to an aggregate. The national or the regional
That is fairly well under control. Then of course youeVects are estimated in dollar terms or whatever, and
can also monitor how much carbon dioxide entersthen you want to aggregate them, but then you need
into the atmosphere, so you can check. Thingsto correct for the fact that the dollar to a poor man is
become much more complicated if you are talkingnot the same as a dollar to a rich man. That is where
about emissions from agriculture, nitrous oxide andthe equity weights come into play. You express things
methane and so on, and that is more sophisticated;as an equivalent welfare loss, and then add up and
but I am no expert there. With regard to tradingthen convert back into dollars or pounds or euros.
emission permits, what matters there is not howThat is essentially what equity weighing does. It
much carbon is emitted physically but how muchreflects the position of the global decision-maker, not
carbon is emitted legally, because you are trading athe national or regional decision-maker or
legal document and the regulator will have specifiedindividual, so in that sense they are an academic
how to do this and how you account for it. Whetherconstruct. Equity weighing is terribly important,
that is anything to do with reality is a diVerentthough it is not clear how important it really is. It is
matter, but that is the legal reality.important because most people agree that developing

countries and poorer countries are more vulnerable
Q218 Lord Skidelsky: A poor country can say, “weto climate change than richer countries. Therefore, if
are legally entitled to do this; you say we are doingyou use equity weighing you are placing more weight
that, and therefore we have to pay a penalty , but weon the damage in developing countries, and therefore
deny it”. One can see all sorts of—the impact estimates go up. The marginal damage
Professor Tol: Yes.cost estimates, so the additional damage that is done

by an additional tonne of carbon dioxide emitted, go
up by a factor of three or two of five. So the optimal Q219 Lord Skidelsky: I am sorry, I am taking you

beyond what we are talking about at the moment.carbon tax would go up if you used equity weighting.
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interested in malaria then you should go afterProfessor Tol: You are right.
malaria, and you could do it much more eVectively
and do more good. The same goes if you are

Q220 Lord Lawson of Blaby: Professor Tol, you interested in air pollution or something; that is not a
apologised for giving a very long answer to the first reason to do something about climate change.
question you were asked by our Chairman. You need Coming back to the example of malaria, there is a risk
not have apologised at all. In my judgment, it was one of over-spending. If you spend money on greenhouse
of the most important and illuminating answers that gas emission control, then economies grow less fast,
we have received, and it is something which, as a and that happens particularly in Africa. You should
committee, I think we will wish to ponder very not think that the growth rate of African countries is
carefully, so thank you for it. Coming on to the unrelated to what we are doing here; it is simply not
general approach to this problem, going beyond the true. Of course, if they grow less fast they spend less
technical points, would you agree that maybe in some on healthcare. We can clearly spend too much. We
quarters there has been excessive alarm generated should make the trade-oV very carefully. That is not
about the likely climate change over the next hundred to say that we should not spend money also on
years, in the sense that this is not the end of the world? greenhouse gas emission control. The reason I say
It is something that is likely to cause, in addition to that is two-fold. If I do my model calculations then I
some benefits perhaps, considerable diYculties, and find that the marginal damage cost of climate change
including in some cases death. But of course that is is something like $7 per tonne of carbon or something
something that governments have always dealt with. of that order of magnitude. It is a very small one but
You yourself said that in the case of transport policy. it is still positive. That is a rational scientist’s answer,
All the time you have to accept that you could have but as a human-being I am worried about the fact
a rail system—and this is a very topical thing in the that climate change does not stop at 2100. Our
United Kingdom—that has a much higher degree of models and scenarios stop at 2100 but hopefully the
safety, but the cost would be enormous compared world does not. If we are still on an upward trend in
with the number of deaths that you would be likely to 2100, then it will continue to get warmer and warmer
prevent. This is not new, and not something that only and warmer, and at some point we must run into real
applies in the area of climate change. You listened to trouble because we are a species that has evolved in a
the previous witness, Professor Lomborg, who was relatively cold period, and all the plants and animals
suggesting that of course you can spend a very large that we rely on have evolved during rather cold
amount of money to reduce somewhat the likely periods. At some point we will run into the limit, so
greenhouse gas emissions, and as a result of that you we have to stop climate change, global warming, at
will mitigate a number of hardships and prevent some some point. In that sense, starting slowly now—
deaths; but that there are other policies quite outside because we do not really know how bad it will be—is
cutting back on greenhouse gas emissions which, for a wise policy.
the same amount of money, you could do far more
work in mitigating the damaging eVects of climate
change and save many, many more lives. Since Q221 Lord Lawson of Blaby: But you only have to

stop it at some point, in so far as you can stop it; andresources are always finite, resources are limited, and
governments have to choose how they are going to the balance of evidence is that you can just slow it

down but you cannot stop it. The first point is thatdeploy their resources—and it is not an entirely
unfettered choice because public opinion will impact you are thinking now of 200 years ahead, but all you

have done is still bought only a little time. The secondin a democracy—there is that choice. What is your
view? Do you think that there is a risk that maybe thing is that it is not really legitimate to make a

straight line of projection, is it, indefinitely? We knowgovernments have become blinkered and are on a
track that is not entirely rational, and that maybe that there are all sorts of diVerent climate changes

that have taken place in the world at various diVerentsometime in the future when they have to spend large
amounts of money they will wake up to it, but it times for various reasons, some of which we

completely understand and some of which we do notmight be better if they woke up to it now?
really understand. It is a rather heroic assumptionProfessor Tol: That is a long question! Let me start by
that the thing will go shooting oV in a straight line forsaying that climate change is a real problem, or I
ever, particularly since the cosmologists believe thatbelieve that it is a real problem. It is a clear global
the universe will end when it gets too cold forexternality, and therefore we have a problem that we
human life.should do something about. Then the question is:

how much, and could we not spend the money more Professor Tol: I completely agree. Professor Lomborg
said the right things there. If you just look at thewisely? If people come with arguments that climate

change will increase malaria in Africa and therefore physical resources of coal, oil and gas in the world—
and then I am not talking about conventional oil andwe should reduce our greenhouse gas emissions, I

think that is hogwash because if you are really gas but the unconventional ones, methane clathrates
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assessment models have also shown—and this relatesand tar sands and so on and so forth—if we were to
burn it all, and there is a physical possibility we could to the discussion we have just had—that the real

solution to the climate change problem is notburn it all, then it would get very warm indeed. Then
I think it would be fairly uncomfortable. We still have mandatory caps on emissions but it is developing

alternative technologies for the market to take up.to make that choice; it is not that the problem will
solve itself because we will run out of fossil fuels to That message has been largely lost or taken up in

some circles, but in international negotiations it is notburn. I think we do not want to go that far.
Therefore, I think policy eVorts should focus on there. Integrated assessment models also do cost

benefit analysis and game theory and look at what themaking a transition away from fossil fuels to other
sources of energy, whatever they may be, whether structure of an international climate policy should

be. Those issues have been rather avoided by thenuclear or solar; but I think we should start the
transition. IPCC and have not been taken up by any policy

people. For instance, Kyoto does not stand the cost-
benefit test, something that has been known in theQ222 Lord Lawson of Blaby: But you somehow
literature since 1991; but we still have Kyoto. Also,ignored the eVect of market forces, which, whether
the whole idea that you could base an internationalyou approve of them or not, are a fact. If the fossil
treaty on legally-binding targets and timetables isfuels—oil, natural gas and coal—get scarcer and
something that has been studied by many gamescarcer and scarcer, then the price will rise, and it will
theorists, and they look into this issue usingbe economic to use less and less of them and then go
integrated assessment models. Well, you can try, buton to other sources of energy like solar, of which
at one point some big player will walk away from thethere is unlikely to be any shortage. In fact, the very
table. That prediction has been around and written inscarcity, as it grows—this is the great error of the
very prestigious journals since 1993, and still we hadClub of Rome, probably before you were born—the
to wait for Bush to do it before people startedvery scarcity creates a corrective because prices rise
believing it. So some messages have been taken upand people use less. This is amply evidenced and I do
and others have not been promoted.not think I need to argue this.

Professor Tol: Actually, I was in kindergarten! At a
certain point we will run out of conventional oil and Q225 Lord Sheldon: Is there a way in which
gas, and that will probably be in this century, I assessment models are widely diVerent from each
absolutely agree, and then we will have to switch to other?
something else. The current market suggests that that Professor Tol: They come in three groupings and
something else will be unconventional oil and gas, for within the groups they are basically similar, and
the simple reason that if you do that you have to between the groups there are a lot of diVerences.
make less of a drastic technological change than if Some models start from natural science models that
you were to switch to solar or hydrogen or that sort have been grown and grown and grown, and also
of thing. I think the best bet at the moment is that as include some of the social aspects. Other models are
soon as we run out of oil in Saudi Arabia we will turn based on simple representations of the economy but
to oil in Siberia and oil in Canada made from tar are designed for a very long run, and other models are
sands. short term—economic models that have bells and

whistles environmentally. These three groups of
models diVer quite substantially in what you can doQ223 Lord Lawson of Blaby: Which will be much
with them, more than what the results would be,more expensive, so less will be used.
particularly if you are talking about comparingProfessor Tol: Less will be used.
growth models with general equilibrium models—
basically these are economic models, and they agreeQ224 Lord Sheldon: There is a number of integrated
up to a certain point on things, but they are reallyassessment models. Can you describe the influence
designed for diVerent purposes. The more naturalthat they have, particularly on the IPCC?
science-based models tend to disagree but alsoProfessor Tol: In some areas these models have had a
because they emphasise diVerent things. Forlot of influence; in other areas they have had very
instance, you have the whole debate there betweenlittle influence. The results of these models have been
the top-down and bottom-up cost estimates that webasically more or less well described in the IPCC
have seen before. In that sense, the models disagreereport. Some of the messages have got through to
quite a lot, yes.policy-makers and others have not. For instance, the

whole idea that one needs flexibility and the
international flexibility mechanisms as put in the Q226 Lord Macdonald of Tradeston: On the IPCC

process, you told us about your concern at the wayKyoto Protocol is a message that came originally
from the integrated assessment models and has been that political pressures had led people to assume that

convergence would mean the countries of Africataken up by basically everybody. Integrated
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crackpots or have some evil intentions, and arewould have the same standard of living as the
countries of the OECD in a hundred years’ time. Do conspiring to destroy the planet?

Professor Tol: I was not quite finished with myyou still participate in the IPCC processes? Do you
think they are representative of economic opinion; answer. I think that the reports themselves are a

reasonable reflection of the literature. What is thenand, if not, how would you improve them?
filtered into summaries is a completely diVerent story.Professor Tol: I was a lead author in the second
I do not think the summaries are a reasonableassessment report and a convening lead author in an
reflection, let alone what the IPCC bureau in publicintermediate report and again a lead author in the
says about these things. We heard Pachauri say,third assessment report. I am not involved in the
against very credible evidence from a process that hecurrent assessment report, which also comes back to
himself is chairing, that there will be negative costs.the discussion with Pachauri. Essentially, I am not
Coming back to the point of who is in the IPCC,involved in the current assessment report because I
certain governments are actively trying to influencehave not been nominated by my government, my
who is nominated and put in there, and therefore willadopted government—I am not German—please do
influence how the literature is summarised. There is anot think that. Essentially in Germany, for working
diVerence between summarising the literature in agroups 2 and 3—only people with close connections
neutral way and summarising the literature with ato the Green Party have been nominated to the IPCC,
particular conclusion in mind. Other countries are ofand that excludes me immediately. What will come
course nominating diVerent types of people to theout of the fourth assessment report I do not know.
IPCC, so in that sense I think there is still a balance ofThe second and third assessment reports themselves
opinions in the IPCC. Some countries actually onlywere a reasonable and balanced reflection on what is
nominate credible scientists to the IPCC. Of course,going on in climate and energy economics
the debate within the IPCC becomes more and morecommunities. Whether energy economics are
unpleasant because 10 years ago it was all basicallyrepresentative for the economic community as a
even-handed and more or less neutral scientists. Nowwhole is a diVerent matter, and it is not something
there are larger and larger groups of people who arethat I can answer. No-one has really looked into it. In
either defending the green position or the brownthe past, the reports themselves were a fair reflection
position because there are 180 member countries ofof what people were thinking on the issues that we
the IPCC. So we have all sorts, and the debatewere allowed to talk about. As I said, there were some
becomes more and more politicised and less pleasant.issues like national planning policy that we were not

allowed to talk about, and therefore we did not reflect
in the literature. What will come out of the fourth Q228 Lord Macdonald of Tradeston: Can you
assessment report is something we have to wait for. suggest how we could improve the process?
Over the years, I have been involved with the IPCC Professor Tol: I think that the most important thing
from the second assessment report, from 1994 would be to take control of the IPCC away from
onwards. Things have become more and more environment ministries and give them to national
politicised. science foundations3.

Q229 Lord Macdonald of Tradeston: Why not giveQ227 Lord Skidelsky: Can I take you up on that last
them to the finance ministries because they will be thepoint, because what you have said casts quite
hard-headed people picking up the bill.considerable doubt on the objectivity of the IPCC
Professor Tol:One could argue that finance ministriesprocess. You made two statements, one right at the
also have a stake, so I would give control of the IPCCbeginning of your evidence, when you said that the
to the national science foundations.convergent growth assumption was heavily

influenced by the reluctance of African countries to
accept that they would not become as rich as wealthy Q230 Lord Lawson of Blaby: I slightly agree,
countries. There was a clear case, I would have perhaps not surprisingly, with Lord Macdonald that
thought, of political correctness coming into play, to have treasuries as well as scientists might increase
and you used that term. Now you say that to the the objectivity. Would it be possible, pending this
IPCC—the nominations of governments to transformation, that some institution—maybe your
committees of the IPCC—that the German own and your own department—could provide a
government only nominates Greens. What credibility great service to the world by providing an even-
is left in the process when you have such blatantly handed neutral objective summary of the various
politically correct assumptions built in to the process, studies that have been done, so that politicians who
because the other evidence we have heard is that this only read the summaries are reading something
is all very objective and there is a consensus of all the

3 I make this point here again below. Giving control over the IPCCleading scientists in the world, there is a sense among to national science foundations, makes sense for Germany and
the Netherlands, but not necessarily for other countries.economists, and that people who challenge this are
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you think are your particular prejudices. That iswhich has some relationship with what the IPCC is
extremely diYcult, to know how you decide on publicactually doing?
policy, is it not? If you wanted to be objective asProfessor Tol: I know the situation in the Netherlands
politicians, where do you look amongst this rangebetter than in other countries. There climate policy is
of options?in the hands of—it is the environmental ministry, the
Professor Tol:Then again I would turn to the nationalfinance ministry and foreign aVairs, but it is clear that
science foundations, which are probably or should bethe environment minister is in control there because
furthest from policy. We were also discussing fundingthat is the internal power-sharing deal. Could an
a little bit before. One of the issues that is a sore pointindependent academic body do something to
in a lot of climate change research is that most of thiscounterbalance this? It is very hard, because as an
is applied research. The money comes from Defra; itacademic I do not get credits for advising on policy;
does not come from the National ScienceI get credits for writing papers in academic journals.
Foundation or the research councils. That, I think,That is how I get promotion. One of the things that
also steers who is selected to do what and what isthe IPCC has established, to its credit, is that a lot of
really researched. I would try and put it in theacademics are interested.
research councils.
Chairman: We are very grateful to you for coming

Q231 Chairman: If you looked at us, as politicians along and for answering the questions, and for giving
looking at it, it seems to me that if you decide as a us an insight into some of these issues, which will help
politician where you think the answer is, you are us enormously in the process we are about. Thank

you on behalf of all of us.going to find some scientific evidence to back up what
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Lawson of Blaby, L Vallance of Tummel, L
Layard, L Wakeham, L (Chairman)

Memorandum by Dr Terry Baker, Cambridge University

Q. We understand that you are involved in the IPCC chapters on economics. Could you tell us what role you have
played and also what your impressions are of the IPCC process? We have heard that there is sometimes a large gap
between what the authors say and what gets put into the Policy Makers’ Summary. Is this your experience?

At the meeting of IPCC experts to start the process leading to the Third Assessment Report (TAR), 2001,
I proposed that a new chapter (ie one that was not in the Second Assessment Report) on the global sectoral
costs of mitigation (ie the costs for the world’s oil and coal industries) be included in the Working Group III
(WGIII) Report (Mitigation). This was accepted by the meeting and I was appointed by a peer-review process
to be one of the two Co-ordinating Leading Authors (CLAs) for Chapter (“Sector Costs and Ancillary
Benefits of Mitigation”). I instigated an IPCC Expert Workshop to stimulate research and publications. I was
an active participant in two major international meetings in Accra, February–March 2001 (for governments
to accept the WGIII Report), and London, Wembley, September 2001 (TAR Synthesis Report). I represented
(on the platform and in side meetings) the expertise of the world’s scientific community in explaining the
assessment of mitigation costs to governments. I subsequently addressed major conferences on the economic
findings of the IPCC in 2002 in Bonn (organised by the UNFCC), in London (organised by The Royal Society)
and in Beijing (organised by the IPCC outreach programme). As an academic expert at the Accra meeting,
I was involved in the highly politically charged discussions on text for the Policymakers’ Summary between
representatives of the UK, Australia, Saudi Arabia and the US.

I also led the writing team for Question 9 of the Synthesis Report (chaired by Bob Watson, Chief Scientist of
the World Bank): “What are the most robust findings and key uncertainties regarding the attribution of
climate change and regarding model projections of future emissions of GHGs and aerosols, future
concentrations of GHGs and aerosols, future changes in regional and global climate, regional and global
impacts of climate change and costs and benefits of mitigation and adaptation options?” This was the last
formal question (the “uncertainty” question) asked by governments of the IPCC and I worked with other
IPCC experts to develop the answer and resolve issues with governments when the Summary for Policy
Makers (SPM) was discussed. I played a leading part in the debate in the team on the representation of climate
change, adaptation and mitigation. (The arguments are set out in a paper published in Global Environmental
Change, April 2003.)

In 2004 I was appointed as CLA for Chapter 11 WG III in the Fourth Assessment Report (AR4) due in 2007
on “Mitigation from a cross-sectoral perspective”, covering the macroeconomic costs of mitigation at
national, regional and global levels in the short and medium term to 2050. The first Lead Author meeting was
held in Breha, Germany in September 2004.

My impressions of the IPCC process is that it is an open, highly innovative and progressive means to address
the issue, namely the organisation of the scientific policy-relevant advice to governments of an evolving,
complex and highly contentious topic. This is particularly impressive in the light of the inevitable constraints
of an international organisation and the requirement for consensus in the findings. I have seen the IPCC
process evolve and improve between the second, third and fourth reports, becoming more professional and
better organised, learning from experience, and resolving some highly contentious issues, such as valuation of
human life.

The idea of a gap between what the authors say and what appears in the Summary for Policy Makers (SPM)
appeared in a critique of the Second Assessment Report (1995). The controversy is reviewed by Paul Edwards
and Stephen Schneider in “The 1995 IPCC Report: broad consensus or ‘scientific cleansing’?” EcoFable/
Ecoscience, 1, 1977, pp 3–9. My experience in the 2001 process was that political considerations inevitably play
a role in the development of the SPM, since governments will not necessarily agree with the scientific consensus
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expressed in the initial drafts of the SPM. Since there is always some uncertainty in the scientific findings,
reasons can always be found to qualify or remove unpalatable conclusions. Whether the political
considerations introduce a large gap between what the authors say in the Report and what appears in the SPM
is a matter of opinion.

Q. One of the issues we are focussing on is the costs and benefits of tackling climate change. Considering the costs first,
we have heard differing stories about how expensive it will be to tackle climate change. What is your view on costs?

The costs of mitigating climate change depend on many factors. I take it that the Committee is focussing on
the macroeconomic costs for the economy over the long term. The costs are not observable from the market,
since they involve assessment of (1) complex energy-environment-economy systems responding to price
signals and regulations influenced by governments and (2) changes in environmental and other outputs of the
system that have no market valuations. The costs estimated for a proposed mitigation strategy, such as the UK
Energy White Paper (2003) portfolio of policies, are always hypothetical because they involve a comparison of
two diVerent states of the system over future years. How these costs are summarised is important if an unbiased
view is to be conveyed.

These macroeconomic costs will depend on the approaches, models and assumptions used to estimate them.
In general, bottom-up engineering approaches lead to low costs and top-down economic models lead to high
costs. Within the results from the economic models, those based on general equilibrium theory suggest lower
costs than those based on econometric analysis of time-series data. Partly because most of the models are
tenuously related to data (many use one year’s data to project 100 years or more into the future), it is easy to
put together a collection of plausible assumptions to yield high or low costs. However, because fossil-fuel
energy is only a very small component of the global economy (3 per cent at most), complete decarbonisation,
even under the most adverse set of assumptions considered in the literature, is expected to have a negligible
cost.

Summing up the literature, the costs depend on the following factors:

— The time allowed for adjustment: the longer the time the lower the problem of stranded assets and
adjustment. Basically capital becomes more malleable the more time is given, because it becomes
obsolete and it is more likely to be replaced.

— The rate of growth of the economy: faster growing economies have a higher rate of investment and
are able to mitigate more rapidly with lower costs .

— Whether market instruments are used as recommended in the Royal Society Report “Economic
instruments for the reduction of carbon dioxide emissions”,PolicyDocument 26/02,November 2002,
London. If market instruments are used, such as the EU ETS, and emission allowances are auctioned
rather than given free to the emitters, and the revenues from the auctions are spend on reducing
burdensome taxes, then the costs are reduced and may even be converted to benefits.

— If there are ancillary benefits from mitigation, such as reductions in air pollution, then costs are
lowered further.

— Finally if the mitigation policies are suYciently radical to induce more rapid technological change,
then they may provide the opportunity for a transformation of the economy and its competitiveness
in world markets, leading to higher growth than might otherwise be the case.

Q. We get the impression that IPCC seems very nervous in talking about the benefits of controlling climate change. Is
this an impression you share? Why would IPCC not want to venture detailed estimates of the monetary benefits of
controlling climate change?

I assume the benefits referred to here are those of avoiding climate change rather than the non-climate-change
benefits discussed in my answer to the previous question. I suspect the hesitancy regarding the costs of climate
change (ie the benefits of avoided change) the committee detect in IPCC reports is a result of the IPCC
experience in the process leading to the Second Assessment Report, 1995. A crucial feature of climate change
costs is that they are incurred across diVerent countries and over future generations. This makes any
aggregation both approximate and potentially contentious, since it requires valuations if the aggregation is in
monetary values. The SAR process got bogged down in deep controversy regarding the valuation of human
life in diVerent countries, with those who advocated cost-benefit analysis arguing that human lives (“statistical
lives”) had diVerent worth according to where the humans lived (and when they lived) and representatives
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from many developing countries arguing for an equal valuation of human life, irrespective of location. This
controversy led to special meetings, much emotional debate and eventually threatened to derail the whole
report.

The IPCC assesses the literature and draws any estimates from the literature, eg the monetary benefits of
avoiding climate change. The cost-benefits literature, which includes these benefits, often appears to impose
valuations that are not politically acceptable, eg that lives lost in Bangladesh are worth a small fraction of
those lost in the UK. Governments have implicitly urged the IPCC to ensure that in the Fourth Assessment
Report such estimates are not accepted without qualification.

Q. Some of our witnesses feel that climate change itself may be beneficial to some countries, for instance to agriculture
and through changes in amenity. Is this allowed for in the Integrated Assessment Models, for example in your own?

There are benefits of climate change, eg longer growing seasons are expected. These are allowed in Integrated
Assessment Models. However, there is a problem of aggregation in that the critical feature of climate change
is an expected increase in the variability of the climate, and indeed this may be much more important that an
increase in mean temperatures and mean sea levels. The scientific evidence is that climate change is expected
to lead to more floods and droughts, more extreme climate events, and (if unchecked) to increase the risk of
irreversible long-term changes, such as the collapse of the North Atlantic thermohaline circulation system.

The idea that we shall all benefit from warmer summers is a myth. The evidence seems to suggest that we shall
experience more heat waves and cold spells, ie more discomfort and expense.

Q. It appears that the calculation of global benefits from controlling climate change is very much influenced by the
discount rate issue (time discounting) and also by “equity weighting”. What are your views on how these issues might
be treated?

Some models convert all climate change eVects into monetary terms using weighting schemes to aggregate
across countries and over time. It is possible and advisable for those models to use a range of such weights and
report the results. In particular given the uncertainty of future relative incomes, results assuming equal weights
for valuing human mortality and morbidity are of interest, as are results assuming equal weights for eVects on
future generations. Some eVects cannot be valued objectively, eg extinction of species, or displacement of most
of the population of countries like Bangladesh. In my view the questions of what constitutes damage, how
much to value human life, and how to respond to the uncertainties associated with the damages are ethical,
economic, political and judicial questions, to be answered through appropriate institutions.

Q. There still seems to be a lot of uncertainty in the science of climate change. Can you comment on how one should
proceed in face of that uncertainty? Wait and see? Act now? Do nothing?

The uncertainty issue pervades not only the science of climate change, but the responses of adaptation and
mitigation.

We are far from certain about the costs of mitigation. Indeed, a meta-analysis I undertook with some
colleagues on the results from the models used by economists for the IPCC Third Assessment Report
suggested that the results for the costs of mitigation can be explained by who carried out the analysis instead
of by objective factors such as use of revenues from carbon taxes, or inclusion of ancillary benefits. The
uncertainties are such that, provided that mitigation policies are expected, well-designed, and allow time to
adjust, the outcome is just as likely to be beneficial in terms of GDP and employment as costly. I have the
impression that the substantial emphasis on costs of mitigation, which is not borne out by the literature, is a
result of extensive lobbying by vested interests in misguided campaigns to protect short-term fossil-fuel profits.

There is the uncertainty underlying the whole issue of climate change and our responses to it. Mitigation is
unlike adaptation in that it reduces emissions at the start of the cycle and eVects through the cycle. This is
important because there are many unknowns and uncertainties in the eVects and feed backs; in consequence,
mitigation reduces risks of dangerous outcomes much more than adaptation. Mitigation reduces
anthropogenic emissions at source and therefore reduces concentrations of greenhouse gases, ensuing climate
change, the impacts of climate change on human and ecological systems and finally the required adaptation.

In that the risks of climate change are apparent, the science convincing, and the costs of mitigation probably
low if not non-existent, my advice is to act now, with deliberation and consultation, seeking out the highly
beneficial options available. Indeed in the current situation, in which the US has abandoned leadership in this
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area, this is an opportunity for the EU and the UK to strengthen its responses, such as the ETS, and
demonstrate that business and the economy can benefit from strong action. There is a leading role for learning-
by-doing, since many aspects of the policies are innovative (eg the two-year advance warning given to business
before the introduction of the Climate Change Levy). A wait-and-see policy is dangerous and short-sighted
in view of the evidence of change, the negligible costs of action and the risks of irreversible damage.

28 February 2005

Examination of Witness

Witness: Dr Terry Barker, Cambridge University, examined.

Q232 Chairman: Good afternoon. Thank you very that there should be a proper chapter which fully
looked into the literature on the eVects on the world’smuch for coming along to help us with our inquiry.

We have all read your biographical details and we oil and coal industries because clearly they were likely
to be the industries which would suVer the highesthave a number of questions that we would like to ask

you. But is there anything that you would like to say costs from mitigation, especially sudden and deep
mitigation. The outcome of that was that a chapterat the beginning to set us oV, or are you happy to go

straight into the questions? I am also asked to say to was created, which showed to me immediately that it
was a very responsive system and, of course, the wayyou not only how welcome you are but also could you

speak slowly and speak up so that we can get an these things work, I was then put forward in a peer-
review process to coordinate the chapter. I saw thataccurate record of what you are going to say to us.

Dr Barker: Thank you, my Lord Chairman. It is a through to the end and was then put on to the
Synthesis Team, which looked across the whole of thevery great privilege to be here. I have considered the

questions, and in fact I take it that these questions are IPCC Reports, covering both the science of climate
change, adaptation and mitigation, and I was in thejust to set the stage really, and I have considered them

and given replies. So I regard this as a fairly informal writing team of that as one of the few economists on
it. That came to its conclusion in a meeting indiscussion.

Chairman: Absolutely. The script of your answers Wembley in 2001, at which I was on the platform
essentially representing the scientific views of thewhich we have—and I do not think it has been

circulated—the clerk and the Chairman have a copy scientists to the roles of governments on questions of
costs and mitigation. Now I am on the Fourthof what you said and we shall check what you say

now and what you said then to see whether you are Assessment Report and I am Coordinating Lead
Author for the chapter on “Mitigation from a cross-still consistent!1

sectoral perspective”, which is essentially a synthesis
chapter, bringing together about six to sevenLord Lawson of Blaby: Why has it not been

circulated? chapters on diVerent aspects of mitigation—
mitigation for buildings, for transport, et cetera.

Q233 Chairman: It only came about 10 minutes ago.
So if I may start by asking the first question. We Q234 Chairman: One or two people have rather
understand that you are involved in the IPCC suggested to us, in giving evidence earlier, that there
chapters on economics. Could you tell us what role is sometimes a gap between what the authors say and
you have played and also what are your impressions what gets put into the Policy Makers’ Summary. Am
of the IPCC process? We have heard that sometimes I right to deduce from what you say that you do not
there is a large gap between what the authors say and think that that is a very fair criticism, or do you think
what gets put into the Policy Makers’ Summary, and there is a gap?
we wondered what your experience of that was? Dr Barker: The IPCC is basically providing scientific
Dr Barker: I have been involved with the IPCC for advice to world’s governments; that is what its job is.
the last 10, 11 years. I knew about the Second But part of the process is—and it comes right at the
Assessment Report, which was published in 1995, but end, after the Reports are written (governments do
I was not actually involved in writing it or even not have a say in the actual detail of the Reports)—
reviewing it. I then came into the Third Assessment that governments do have a say in the Summary for
Report right at the beginning and was involved in the Policy Makers. The Summary for Policy Makers is
process leading to the choice of the Lead Authors on taken extremely seriously by governments and it is a
the Synthesis Team, writing the Synthesis Report, line by line acceptance, and each word can count, and
and it was obvious to me that the eVect of mitigation the process can actually collapse if governments will
on the world’s oil and coal industries was not being not accept a particular phrasing, a particular word.
properly represented. I suggested at an open meeting You might imagine that certain governments might
1 Evidence submitted above. be extremely sensitive about the costs of climate
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that period using models, largely in the United States,change because their whole policies are based on an
argument that the costs are unbearable and they and the underlying raison d’être of that research was

to demonstrate that the costs could be very high, andcannot participate because of that. Therefore, this
can give rise to substantial pressures and tensions indeed a lot of the results came out with very high

costs; second, there is another body of literaturewhen the scientific community is saying that the costs
are negligible, and yet an important government’s which is centred about the European Union and is

funded partly by the European Commission but alsopolicies are based on the argument that they are not
negligible. Therefore, obviously something has to by European governments, which is looking

essentially at ways of cutting down those costs—howgive because governments can refuse to budge and
some governments do refuse to budge and they are in economic policies can be devised to ensure that these

costs are as low as possible. This literature tends toa position to break the process. So then what will
happen? Of course there is uncertainty about these come up with results which are wider in scope and

broader and is looking for ways of reducing thesefindings, they are not cast in stone. So what happens
is that there is a political process which uses words costs—and there are many ways of reducing costs. So

there is uncertainty in what the costs are; there is awhich can have diVerent meanings for diVerent
people and the outcome is a Summary for Policy subtle bias in the literature depending on what the

focus of the research is, whether it is to look for costsMakers that everybody will sign up to.
or to look for ways of reducing costs. My view is that
given a long enough time to adjust—and it is a long-Q235 Chairman: So to some extent the pure
term problem and the mitigation options are long-scientific advice gets moulded down in some way?
term policies—and given that the policies might beDrBarker: I would not go as far as that. The scientific
well designed (and that is a big assumption) and thatadvice is in the technical summaries, which are
the policies would be expected, given all of thoseaccepted as a whole by governments, are in the
three, then I think that the costs are likely to beReport itself. But the Summary of Policy Makers is
negligible and in fact it is very likely that there couldan outcome of a political process in which
be benefits from even deep mitigation, substantialgovernments have a large part to play.
decarbonisation of the world economy. Does that
answer all of your questions?

Q236 Lord Vallance of Tummel: Dr Barker, not
surprisingly as a Select Committee on Economic

Q237 Lord Vallance of Tummel: Not quite. TheAVairs, we are very much interested in the costs and
IPCC economists are unpaid; is that right?benefits of tackling climate change. Previous
DrBarker: I get expenses from the Department of thewitnesses have suggested to us a range of diVerent
Environment.means of tackling the change and a range of diVerent

costs associated with those changes. If we can start
Q238 Lord Vallance of Tummel: So there is nowith the costs first, we would quite like your opinion
nuance there?on what the range of options are, what the costs
Dr Barker: There are nuances in all things we do, butmight be, what degree of uncertainty surrounds the
the IPCC is largely voluntary and largely unpaid, yes,costs and whether the uncertainties focus upon
where you get the experts.scientific uncertainties or uncertainties as to the

economics or the methodology of netting the costs?
Dr Barker: That is a very substantial question and Q239 Lord Skidelsky: If, as I understand you to say,

the costs of avoiding climate change are likely to beyou obviously want me to give a very short answer.
First of all, I want to restrict my answer to negligible, then any benefits are net, virtually. There

seems to be uncertainty on the part of the IPCC inmacroeconomic costs, costs for a whole economy like
the UK economy or the global economy, or a trying to quantify these benefits in monetary terms.

Do you share that uncertainty? What is the degree ofEuropean economy. So I am not talking about costs
for a particular industry. This is a macroeconomic uncertainty and why does it appear that these benefits

cannot be stated in monetary terms?question and of course macroeconomics has its own
way of answering these questions. The first thing I Dr Barker: There is of course substantial

uncertainty throughout the whole process, fromwould say about it is that there are a lot of
uncertainties about this and there is a large literature the emission of the greenhouse gases, to its eVect on

the climate and then the eVect of the climate on theon it. The literature is influenced in subtle ways by
those who have paid for the research. Research can human systems, and then how we adapt. There is

uncertainty throughout this because this takesbe very broadly divided—and this is rather
simplifying—into first the research that was place over a long period of time and we do not fully

understand how the climate system works. Whenundertaken in the period leading up to the US
Senate’s decision not to ratify the Kyoto Protocol: a there is an attempt to monetarise all the costs and

benefits of climate change there are two problems.large amount of money was spent on research up to
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Dr Barker: Absolute nonsense.One is that we are monetarising—let us put it
simply, let us do it in terms of loss of human life
because there are other costs as well as the costs of Q241 Lord Skidelsky: That was the argument that
human life— the loss of human life. The flood he put to us and that is generally one of his main
defences of Bangladesh might collapse with a storm contentions. Do you agree?
which is partly the result of high sea levels, etcetera, Dr Barker: I do not agree with that at all, no. It
so there is some likelihood this is due to climate sounds as if Lomborg is not looking at risk and
change. This causes a substantial loss of life and returns; he is just looking at returns. If we just looked
eventually, if this goes on long enough, people have at returns I doubt if that would be the case; but the
to move out of the settled areas of Bangladesh. The issue is not returns, the issue is risks. In any
problem is, how is this loss of life to be valued? investment we look at the risk and the return,
How is this to be put into monetary terms, because whereas in the case of climate change it is the risks
there is also potential loss of life in other parts of that dominate consideration, to my mind, not the
the world? How do we add this up? What values do returns. It is climate variability that is important, not
we put on it? This became a very substantial the fact that the sea level might rise a few centimetres;
controversy in the Second Assessment Report and the fact that storm surges might overwhelm our sea
it was a controversy because the cost benefit defences; that is the issue and the problem. If we are
analysis came up with estimates of the value of looking at risk and returns, then we have to look at
human life, which were very substantially diVerent the balance on risks and what action we might take
between diVerent countries. It really depended which would reduce the risks and, as far as I can see,

this means that mitigation becomes far morewhere you lived as to how much you were worth in
important than adaptation because mitigationterms of this calculation. This was put forward
reduces the risks through the whole system, whereasas scientific expertise to the IPCC and
adaptation only reduces the risks at the end, after itsome governments—in fact eventually many
has all happened.governments—objected to this because they did

not see why their citizens were worth a fraction of
those in other countries, and this eventually led to a Q242 Lord Lawson of Blaby: I do not think that is
very substantial crisis for the IPCC, with the threat true, if I may say so, with great respect. Climate
that the Report might not be produced. I was not change is not like a tsunami that is going to happen
there, I just read the reports and heard from people suddenly, just like that; climate change is a thing
who were there. It produced a lot of controversy which is very gradual over a very long period of years,
and a lot of emotion. The outcome of it all was that that is what we are told. Therefore, there is plenty of
the IPCC is very reluctant to engage in that time to adapt. Farmers can adapt with perhaps
controversy again because the proponents on both diVerent seeds, slightly diVerent crops, diVerent types
sides are still there and obviously still willing to of things to changing climatic conditions; that is what
have another fight if the opportunity was given to farmers always do. Sea defences can be gradually

built up. When you are in your model looking at thethem. That is one of the problems. The second one
cost of climate change, do you assume that there isis involved with the valuing of life for diVerent
continuous adaptation, which is what would happengenerations. Should we be valuing the life of future
in the real world, or do you somehow assume thatgenerations higher than we value our own lives, or
what we have been told is the dumb farmerlower? So you can see the potential problem of
hypothesis, that everything stays exactly the samecontroversy there as well because we are less certain
and that there is no adaptation at all, and base yourabout them, and we can hardly move out of the
cost estimates on that?emotional element of it by talking about statistical
Dr Barker: The modelling that I personally amlives, but, nevertheless, there is a major issue. So it
involved with is modelling of mitigation rather thanis an issue of ethics, of economics, of politics, how
adaptation. However, the work I do is part of anwe value it across diVerent societies and diVerent
integrated assessment model which indeed does takecultures. This gives rise to a lot of ethical
into account the fact that private groups, socialuncertainty in addition to all the other uncertainty
groups will adapt, of course they will adapt. They seewe have.
the risk of climate change. When you live in
Bangladesh and you can see that the floods get worse
each year, then you will build your house a little bit

Q240 Lord Skidelsky: One of our witnesses, stronger and a little bit higher, and this is a very
Professor Lomborg, made the argument that the important response. But there is a large diVerence
costs of any mitigation that makes any diVerence between that and mitigation because as an economist
over the period in question would far outweigh any I would not expect mitigation to take place on the

scale of adaptation, simply because mitigation is apossible benefits.
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Q245 Lord Lawson of Blaby: If I may? This isglobal problem and if each of us mitigates it makes
precious little diVerence to the overall problem. interesting what you say, that it is not the global

warming as such which is the problem, but theWhereas if I adapt by moving to higher ground or
building a house higher, then I shall have an variability. You are the first witness to appear before

us who has made this point. Others have talkedimmediate benefit for myself and my family. So it
makes a very large diVerence between adaptation and entirely in terms of an actual rise in the temperature

and the consequences of that. Are you yourself amitigation and it means that mitigation has to be a
social response—in fact a global response—for it to scientist?

Dr Barker: No, I am an economist.make sense in the long term.

Q246 LordLawson of Blaby:How is it that you come
Q243 LordMacdonald of Tradeston:Dr Barker, can with a diVerent scientific projection than our other
I just come in here? You talked about the diYculties witnesses?
in monetarising loss of life, but as an economist how Dr Barker: Because I have been working in multi-
do you approach the possible damage to cultures or disciplinary teams for the last 10 years, talking to
the extinction of species? Can you factor that in? scientists.
Dr Barker: I do not accept that the extinction of
species or the extinction of the human race for that

Q247 Lord Lawson of Blaby: But not all scientistsmatter is subject to a monetary valuation. My view is
take this view, do they?that we need to look at these subject to political and
Dr Barker: I only see this literature in as much as it is

social decisions as well as economic decisions. condensed and synthesised. I do not read the
Economists can use diVerent valuations coming out scientific literature. I attend presentations about it
of the political process and accept that as a but I am not a climate scientist. The reports state over
reasonable thing to do in making these evaluations, and over again, and it is quite obvious, that this might
but at the end of the day I would suggest that you be the case.
need to do not simply a monetary cost benefit
analysis but a wider one, taking into account loss of

Q248 Lord Skidelsky: That variability is the issue?life and employment eVects and extinction eVects,
Dr Barker: Is the issue.and not necessarily put them all in monetary terms.

Q249 Lord Skidelsky:That is not the small projected
Q244 Lord Sheppard of Didgemere: Dr Barker, you increases in temperature over the next 100 years,
went into the problem of how one adds together, which is the sensible focus of things like the Kyoto

Protocol and other things.both from an ethical point of view and an economic
Dr Barker:Yes, but at the extreme range of the latestpoint of view, the benefits; but there are some benefits
estimates the temperature increase is globally comingthat are not often mentioned, such as agricultural
to 11 degrees centigrade, which is an awful lot. Youbenefits, be it length of season or whatever. How do
add 11 degrees centigrade to a 40 degrees summeryou pick those up in the model? Not necessarily your
heat wave and we are talking about an extremely highmodel but in the models generally?
temperature.Dr Barker: Yes, in the models. It is extremely crude.

The long-term economics of all of this is very
immature; it is at a very early stage. Economists have Q250 Lord Skidelsky: You are the first person who
largely concerned themselves in this context with has mentioned the 11 per cent.
rather short-term economic responses and eVects and DrBarker: I am talking about the latest reports. I was

at the Exeter meeting of the Met OYce.we have largely assumed that the technological
change and change in tastes is outside the models. So
the first remark I would make is that it is very stylised, Q251 Chairman: Am I wrong in getting an
very crude, very simplistic and not really believable if impression—and you seem to be confirming what I
you look into the details of it. A lot of it just does not feel—that the science is extremely uncertain, the
make very much sense. There is a real problem in just economics are extremely uncertain? What is there
taking averages for large areas like Europe, the that is certain about all this? What would you say are
average temperature for Europe over the next 100 the certainties?
years, and then imputing damages from that; it is not Dr Barker: That is an interesting question. What is
really a good idea to do it. It may be the best you can certain is that we are responsible for these emissions
do but it is an extreme simplification, especially since of greenhouse gases. There is no doubt that burning
we know from the science that it is the variability of coal produces carbon dioxide. But what seems almost
the climate that is important; it is the storms and the completely certain is that this leads to a greenhouse
floods, not the fact that the temperature is a little bit eVect because the science is well known. What is less

certain, but the evidence seems to suggest veryhigher. That is where the damages come from.
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value lives in the NHS maybe 25 times more thanstrongly, is that this is leading to the phenomenon of
global warming and climate change, so we are getting lives saved through foreign aid. How do you respond
to much less certainties. Then we have seen the to that?
phenomena over the last year, since the topic has Dr Barker: It is an interesting question. My answer is
been investigated further, of more and more fairly straightforward. I respond to that by saying,
problems emerging, issues emerging from the science. “Who is the ‘we’ making the decision?” If the “we” is
As we are looking at it we see that we do not know the British Government on behalf of the people
as much as we would like to know about the world’s through a political process which has decided what
climate and what might happen by putting more our current discount rate is, that is fine, I do not have
greenhouse gases into the atmosphere, raise the objection. There may be objection though if we
concentrations of greenhouse gases and lead to an decided that the poorest members of our society were
enhanced greenhouse eVect. We do not know the worth far less than the richest. Then there would be a
eVect of clouds and water vapour, which is the most problem. When we are coming to a global problem
potent of greenhouse gases on global warming. like global change then I suggest that the “we” should

be governments meeting together in some kind of
quasi-judicial way. It is an inter-governmentalQ252 Lord Layard: I want to ask you about the
problem and it is a global problem in as much asdiscount rate because obviously much of the damage
mitigation is not in the interests of any singlethat has been caused by current emissions is in the
government but in the interests of all governmentsfuture, and often in the quite far distant future, and

we are talking about costs which we might incur in together and it is in that context that I think the “we”
advance, to try to reduce them. So the discount rate should be decided on the valuation, and in that
becomes very important and obviously one of the context it is quite obvious that there has to be some
reasons for discounting that has been given in the equity in the value of human life. We are not at all
literature is that people will be richer in the future, sure that the people of Bangladesh would be as poor
and so on. What do you think about the right as they are now in relation to the people of, say,
discount rate for dealing with these problems? Europe, in 100 years’ time. All sorts of things can
Dr Barker: It is a surprisingly controversial and a happen.
complex topic. You would think that it is easy but it
is not. One of the reasons for the diYculty is that in

Q254 Chairman:Could I ask you this question? Youdeciding what the appropriate discount rate is we
not unreasonably point out the need to have ahave to imagine what future incomes will be. So it is
relatively low discount rate because of the relativelybasically the ability of future generations to pay. In
low growth rates, which you assume. Yet when wedoing that we need to look at how would one do such
started this inquiry one of the first things that wasa thing? We could look at the history of income
given to us in evidence, as I understand it, was thegrowth and what we would find is that it is a history
view that in 100 years or 150 years, or whatever figurewhere the growth has been punctuated by wars.
it was, the whole world would have the sameSevere reductions in growth rates have occurred
standard of living and therefore there would beduring wars, and also there have been periods where
considerable economic growth in those countriesthere have been very low growth rates and long-term
which now are underdeveloped and we would comedepressions. So that would caution against taking the
to a pattern of equilibrium. We could understand thegrowth rate, say, for the last 30 years and
political need for having that in the IPCC process; weextrapolating it for the next 100 years. One would

want to be more cautious and therefore probably not perhaps had a little more scepticism as to whether
take such as one would expect, just 2 or 3 per cent, but that was an economic reality of which one would put
maybe just 1 per cent growth per annum. And this much money on a bet. But how do you square it with
has to be taken into account as to how much we the low rate of growth for the discount purposes?
would say that future generations would be able to How are they reconciled?
pay for future damages. So my own view is that in Dr Barker: By the fact that one would want to be
doing the cost benefit analysis and using the discount cautious, and look at a range of potential outcomes.
rates one would want to put in a very low discount That is the only reason for choosing for looking at a
rate to account for the fact that we are rather lower rate. If you ask me what I would have thought
uncertain about future incomes. was the most likely outcome I would have thought

growth rates of about two to three per cent in the
long-term. That is what I would choose as the mostQ253 Lord Layard: Could I follow that up, going
likely outcome, but considering a long period of timeback to the issue of lives, which you raise? You seem
and a lot of things can happen in that period of time.to be hinting at treating all lives as equally valuable,
So I think we do need to be very cautious in lookingwhich might be right morally but if you look at the

way we currently spend our money we obviously and not just pick one particular view but pick a range
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how should policy makers act? The second questionof views and test policies against diVerent possible
states of the world. is: can you explain why you say that this uncertainty

means that the discount rate as to the long-term
future should be lower? The ordinary man in theQ255 Chairman: The convergence idea of all the
street, like myself, would think that if, for example,countries in the world, is that therefore a political
you were investing in a business project which wasview rather than an economic view?
alleged by the promoters to produce a wonderfulDr Barker: That is a subject of considerable
return in 100 years’ time, you would want a prettycontroversy in the literature as to whether countries
high rated discount because of the uncertainty, not aare converging or not. My own view is that they are
low one.probably not and that there are strong forces leading
Dr Barker: The first question was regarding howaway from convergence as well as forces leading to
policy makers should treat this big range. I think it isconvergence, and it is really a matter partly of politics
fairly straightforward, that one would want to checkand partly the way that the economic system works
that the policies that were being recommended wereas to which way things go.
robust in the face of the diVerent possible states of the
world, or would they collapse if the world changed inQ256 Lord Lawson of Blaby: If you are right and
a particular way? It is possible that we might have athere is not this convergence, then of course it means
high carbon world where a lot of fossil fuels are beingthat the projections of growth in greenhouse gases
burnt. We want to look at the policyissues, based on the assumptions of convergence, are
recommendations in respect of that, as opposed togreatly exaggerated, does it not, because the lack of
recommendations from the same policies if the worldconvergence, if you are right, is unlikely to be the
was a very high tech world with very low emissions.developed world’s economy suddenly leaping
So it is a question of using these diVerent projectionsforward much faster than before? There is no
and assumptions and comparing the eVects of theevidence to suggest that it is likely. So it must mean
policies under these diVerent assumptions. On thethat the Third World, or whatever you like to call it,
second one, again it is a question of returns and risks;is not going to catch up nearly as fast as is
one would want to look at the risks as well as thepresupposed here. One hopes that in due course they
returns and if the risk are particularly high it is thenwill catch up, but it is not going to happen as quickly
a matter for government as to whether they want toas that. Therefore the growth is likely to be less and
take these risks or not.therefore the growth in greenhouse gas emissions is

likely to be less; therefore, the projections of global
warming have been distorted in an upward direction Q258 LordMacdonald of Tradeston:Dr Barker, just
by this convergence assumption. building on that, as a Select Committee we are pretty
Dr Barker: I am a bit reluctant to be pinned down to open-minded, even after two months, perhaps
just one projection because it seems to me that there because we have heard repeatedly from witnesses
are a lot of alternative ways that the world economy about the profound uncertainties of the science and
might evolve. The fact is that there is a large amount the economics. On the economics, for instance, we
of coal available to be burnt, so much coal that we as have heard that the eVect might be 1 or 2 per cent
mankind could really fry the planet over the next 400 impact in GDP for the United Kingdom, which, in
years if we chose to use this coal. And we can imagine the context of wars and depressions of the 20th
that the coal might be produced very cheaply with century that you mentioned, does not seem too
modern equipment, and therefore it is by no means alarming. Yet, on the other hand, you mentioned that
sure if we continue as we are going, without any you were at Exeter where clearly there appeared to be
convergence, that we would not burn a large amount a great consensus increasing alarm about what they
of coal. The Soviet Union wasted huge amounts of believed was happening. It is rather diYcult for us
fossil fuel; China burns huge amounts of coal already because if we look at the linear changes, the 1 or 2 per
and could easily burn more. cent does not seem overly alarming. But then people

say, “But it could go exponential and accelerate at
some alarming rate and who knows what mightQ257 Lord Lawson of Blaby:You said that there is a
happen?” How as policy makers do you approachwide range of diVerent models and assumptions in
that? What guidance can you give in this context onthe future and I would like to ask you a few quick
whether you wait and see or whether you go in andquestions on that front. The first question is what
spend vast sums of money despite all theseshould policy makers do? Should they decide which
uncertainties? How would you point us forward, towithin this huge range seems to them the most likely
build on Lord Lawson’s question?and base their policies and their calculations on that?
Dr Barker: My view is that since there do appear toOr should they say, “Let us take the extreme worst
be substantial risks and the costs of doing somethingpossible assumption, however unlikely, and base our

policy assumptions on that?” The first question is: about it are negligible, then we ought to be doing
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much at any rate—but you preferred to talk aboutsomething about it. Of course I use that word “costs”
in terms of macroeconomic costs. It is clear, for risk. That suggests some certainty.

Dr Barker: I am using “risk” as shorthand for riskexample, that if we use the word “costs” more widely,
more in the way a lay person might use it and and uncertainty. I appreciate the diVerence between

the two. In terms of when there is a lot of statisticalcertainly in the way that Senators in the United States
are currently using, then the political cost of evidence available then we can do risk analyses, and

in some aspects of the problem it is possible and it isintroducing a carbon tax in the United States is
obviously extremely high, and we know that taxes done. So there is risk and there are uncertainties.

Basically, as far as I can see, those uncertainties, ifcan be extremely unpopular. The economic
instrument, which is most suitable for addressing this one can compare them in magnitude, are much larger

than the risks. so far unknowns far into the future,problem, is a carbon tax, with appropriate
consideration of the equity and competitiveness you could not insure against them on a global scale,

it just does not make any sense because of theeVects of such a tax. The idea of introducing a carbon
tax perhaps to replace Value Added Tax over a long uncertainty. So I would not like you to think that I

am setting it aside and saying it is not a problem ofterm, which would have great appeal to me
personally as an economist in terms of its eYcient uncertainties. It is; it is largely uncertainties and there

are risks as well.solution to the problem, may have a very high
political cost as opposed to a macroeconomic cost.
So it is a question of changing attitudes and Q261 Lord Skidelsky: Thank you. And things you

cannot insure against.perceptions, and there is a cost in doing that—a cost
of institutional change. Dr Barker: Yes.

Q262 Lord Skidelsky: You cannot have policies.Q259 Lord Skidelsky: Could I follow on from Lord
Macdonald? The question Lord Macdonald asked Dr Barker: We can have policies.
had to do with the uncertainty but you have talked
throughout about risks. Q263 Lord Skidelsky: You can have policies but

what I mean is that you cannot have policies based onDr Barker: Yes.
the notion that you are properly insuring against a set
of risks.Q260 Lord Skidelsky: I think of risk—and maybe

this is not the right thing—as something that you can Dr Barker: Yes.
Chairman:Thank you very much. That has been verycalculate in some way, based on some probability of

distribution, whereas uncertainty is something you helpful to us and advanced the knowledge of the
Committee in the areas that you have talked to usgenerally do not know about, that there is no basis

for it. Which is the correct usage here, because about, and we are very grateful to you for coming to
us and talking to us and being as frank as you have.uncertainty has been used time and time again by our

witnesses? You have not used uncertainty—that Thank you very much.

Examination of Witness

Witness: Dr Dieter Helm, New College, Oxford, examined.

Q264 Chairman: Dr Dieter Helm, we are most Where do you sit in that? Not an unfamiliar question
to those who have been here for the last session asgrateful to you for coming along. You know exactly
well.what we are about and you have been listening to Dr
Dr Helm: Let me give a general answer to what is aBarker. Are you happy to go straight into the
general question, and no doubt you will want toquestioning or would you like to say something
pursue some of the bits and pieces as the discussionbefore we start?
goes on. My starting point is that the costs areDr Helm: I am very happy to address your questions
probably quite considerably higher than many ofimmediately; thank you very much for asking.
those who advocate rapid action suggest, particularly
in the short run; and that those costs depend crucially

Q265 Chairman: Thank you very much. We are on what policies you adopt—some policy approaches
starting from the fact that you have been interested in will be extremely costly, others will not have such
the kinds of policies that governments might adopt to costs. But I also think that the damage from climate
tackle climate change, but we would be interested in change and the associated problems that go with
your view on the balance of costs and benefits of such climate change are probably quite high too. So
policies. Should we be tackling climate change in a nothing directly follows from the observation that
more vigorous manner, or should we wait and see to the costs could be very high; that we should not take

action at substantial scale. To give it its context,get the science sorted out, or should we do nothing?
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century technology, the gas CCGT is Second Worldglobal warming is not some kind of abstract thing
that happens separate from everything else, it will War technology, and the PWR is from the 1950s, and
happen in the context in which the world population not much has happened to the cables. But if you think
will go from six billion to nine billion, quite possibly more generally with what has been going on in the
more than that, and on those sorts of numbers we biotech industries, what has been going on in IT, and
have quite a degree of certainty because most of the apply those kinds of paces of technical change, then
people who are going to have those children are one could imagine technologies being available in the
already alive today. The biodiversity destruction that future, which would make the costs of running a low
is taking place is extremely well documented and is on carbon economy much lower than currently. Almost
the scale of one of the five or six great geological by definition we cannot know what those technical
extinction periods, and that is associated with the changes are going to be but we can project forward a
population growth and the climate change—they are reasonable rate of such a transformation. So again in
all associated together. So we have a nexus of global a common sense way, given existing technologies it is
environmental problems, the damage from which I likely to be pretty expensive; given new technologies
think is likely to be considerable; but I think the costs and technical progress it might be a lot cheaper, and
are also likely to be quite high as well. that is very important when we come to Kyoto

because Kyoto gives no incentives whatsoever to
serious technical progress. Now to the detail of theQ266 Lord Layard: Could you fill out a little more
costs. If I could put it in this sort of question: how ison the costs because I think it would be helpful to
it that people have persuaded themselves that we canhave a little lecturette on what are the possible costs.
address something like a 60 per cent reduction in CO2If some of them are higher than others, why we are
in this country by 2050 at virtually no cost to GDP?even thinking about them? So could you give us some
How have they got to this result, which in myfeel to that, or perhaps you think that is the costs of
common sense approach is counter-intuitive? Thethe Kyoto arrangement?
answer is that it depends what you assume in the firstDr Helm: If I can come to the Kyoto arrangement
place. So if we take current policy, if you assume thatseparately, because the Kyoto arrangement has
much of this gain could be achieved by energyparticular costs associated with it and particular
eYciency measures, which are already at positive netdiYculties? If I could break your question up into two
present values—they are already economic to do, orparts: the common sense approach to the costs and
at very low cost—and if you assume that the costs ofthen maybe some of the economic points? If one were
wind farms and related technologies are incrediblyto take substantive action on global warming and do
low, or rather are going to be very low and alreadyit relatively quickly, one is talking about translating
quite low (by leaving out quite a lot of the associatedwhat are primarily fossil fuel-driven economies,
costs of these technologies, the grafting on to existingcarbon driven economies into non-carbon-driven
systems), and if you plug those numbers into a modeleconomies and replacing most of the capital assets
you will get the answer that it does not cost verywhich have been designed to fit with a carbon-based
much. That is essentially my critique of the way ineconomy. The idea that replacing all that carbon-
which the White Paper arrived at this idea the claimbased economy with a non-carbon-based economy
that the costs are going to be very low. I think that iscan be done at virtually no cost to GDP is, in
not a very constructive way of thinking about this,common sense terms, very hard to swallow. So that is
and a way of illustrating that point is, supposing Imy starting point. This is a very substantial change in
assume that people are not fitting insulation becausethe capital stock. How quickly you do it is really very
actually it is more expensive than people assume, andclosely related to the costs. If you want to do this very
supposing I assume that wind farms with all theirfast, then you are changing a lot of capital stock
associated infrastructure are more expensive, I willquickly and the cost function is likely to be very high.
get a much bigger number. So, in other words, youIf over the period of time the capital assets are
can get what number you want at the end of thisreplaced, you take time to make this transition and
exercise, based on what you assume about what isnew technologies come along, then the costs will be
there. I would argue that energy eYciency islower. So the timing of approach is utterly crucial to
extremely important and much more expensive thanthis. The second general thing to say is that—and
the government imagined. I would argue that windagain intended in a common sense way—there is a
farms are much more expensive than was initiallyworld of diVerence between having a low carbon
conceived and that other options are available. Soeconomy in 50 years’ time, when there has been
linking that to the cost point, if you persuade yourselftechnical change carrying on at the pace at which
that costs for particular options of achieving thistechnical change is carrying on now. In the energy
particular outcome, a low carbon economy, are veryindustry, in particular the electricity industry, there
low, you will get this outcome, but you may just behas almost been a technical progress free zone for the

last few decades: the coal power station is 19th kidding yourself.
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Dr Helm: I do not know oVhand exact numbers, butQ267 Lord Layard: Can I follow up on that? What
there is about five to six billion of public money goingyou said about technical progress seems to me to be
into this research.completely crucial and obviously the problems would

be very, very diVerent if we had non-carbon energy
sources. This is a world public view. Are the public Q269 Chairman: Public money?
authorities of the world spending anything like Dr Helm: Public money. But also you have to
enough on the basic science and development of non- remember that in the energy sector there is quite a lot
carbon energy sources? of cooperation in research, and you also have to
DrHelm:The answer to that is in aggregate probably remember that there is a core university backing in
not, but there are huge distinctions between the way research areas, like MIT, like Stanford and
that the Americans approach this problem and the elsewhere, who have long been interested in these
way, for instance, that the UK and some of the problems. I think the Americans would argue that
European countries approach it. First, in aggregate their R & D budget is too low in these areas, but I put
levels, privatisation of the electricity industry has the diVerence this way—and it is a rather simplified
eventually resulted in the level of R & D in the way of putting it—that what they are interested in is
electricity distribution part of the business being big ticket, large scale, base load power which reduces
approximately now zero, and that is because when the carbon eVect. What we are interested in is small-
these industries were privatised at a private discount scale intermittent renewable technologies which do
rate of around 10 per cent these were not attractive not address the base load.
investments to make—it was about reducing costs,
sweating the assets, quite rightly at the time, not Q270 Lord Vallance of Tummel: Arguably, Dr
about long-term R & D in the private sector. So in Helm, that is because in the UK we no longer have
terms of the core R & D that happens in the UK it has the kind of engineering capability to do that task. I sit
become very low indeed; it was largely done by the on the Supervisory Board of Siemens of Germany,
nationalised industries and is not now done. In terms which very much does, and the question I was going
of the kind of R & D—and it is very important when to ask you was what sort of incentive do you think
one looks at the policy side of this debate and the way should or could be given to the major private sector
in which diVerent people influence it—people’s bids players in Europe and the US, where a lot of the
for money for doing research, people’s approach to technology lies, to turn their interest towards new
research budgeting, etcetera, is not a kind of value- technology which minimises CO2 emissions because
free area. It seems to me it is no accident that most of the signals that industry receives will determine, I
the research money has gone into certain kinds of suspect, a lot of the outcome?
technologies in the UK and been captured by certain Dr Helm: The first thing to say is the fact that there
institutions. That is how these things happen. I think are now numerous studies into the skills base,
you will find that much of our research budget goes particularly the science base and what has happened
into quite precise renewables. Now, it may be very, to that, suggests that that has been eroded,
very helpful to have that R & D but it is quite concise particularly in some of these areas and creates a
on small-scale measures. Contrast with the United limitation on what you can do. The second thing to
States. The United States’ approach is to say that the say is that it is unlikely that Britain is going to be the

country that develops a new nuclear reactor or a newbig ticket items in this area are clean coal and
clean coal plant or whatever. If there ever were suchhydrogen. Coal will be burnt in very large measure by
options, it seems to me that it is not an appropriatethe Chinese, by the Indians and by the Americans,
way to spend what are quite limited public funds.and the burning of that coal is probably at a global
However, if you look at the R & D problem there isscale themost crucial issue in future carbon emissions
the primary research area and the cooperationin this century. For the Americans that is where the
between countries on that front and the support forresearch money goes; linking clean coal and
basic university research. But right at the other end ofhydrogen together is also part of the framework; and
the spectrum is demonstration plants. So, forit is part of the reason why some Americans think the
example, if you are interested in carbon sequestrationKyoto approach is wrong-headed. In aggregate, is
and clean coal, the fact that the UK happens to havethere enough R & D? I do not know what the right
a large number of semi-empty oil wells oV its northanswer to that is, but one thing is clear, that there is
east coast and coal reserves makes it a natural placenot enough international cooperation if it is an
where one would have a demonstration plant to seeinternational global public bad that you are trying
how these technologies might fit together. The cost ofto address.
such a plant would be quite large, £300 million, £400
million perhaps, but there are many international

Q268 Chairman:How are the Americans getting this companies that would be interested in having a site
for doing that. That is really about getting theresearch into the coal? Who is paying for it?
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take precautions but how do you interpret this ingovernment collaboration with some government
money to bring together a number of industrial practical terms? How useful is it in terms of deciding

which of the number of policy options to take?interests to do it, and in the end it is not really about
economics, it is about the practicality of combining Dr Helm: It is like sustainability and sustainable
government will with a particular project and development. They sound very good in practice but
particular companies that are interested in doing one has to work out what exactly people mean when
that. And it so happens—I am not particularly they are applied in particular circumstances. What do
advocating a clean coal demonstration plant for you want to be precautionary about? Do you want to
sequestration—that there are a number of companies be precautionary about the costs and changing
based in Europe and Britain who are interested in current behaviour, reducing people’s current
that proposition. That is a good area in which one standard of living in order to achieve a possible
could make quite a lot of eVect with quite limited outcome, or do you want to be precautionary about
government funds being part of that process. So how much climate change you get, even if that means
demonstration plants at one end is an example of higher costs to individuals? That is not normally
what one can do, but there is a complete chain here specified. You can make just as good an argument
and I could not possibly help solve the problem of about being precautionary on the cost side as you can
what the government science and R & D policy ought about being precautionary on the climate change
to be. side. Normally, what people mean by this is some

form of risk aversion. You can only be risk averse
about things over which you have probabilitiesQ271 Lord Lawson of Blaby: Are you aware of
about. If you are genuinely uncertain, you do notsomething called the MARKAL model?
have a probability as to what the outcomes are goingDr Helm: The MARKAL model is the model that
to be. It does not mandate any particular actionwas used to produce the answer in the White Paper,
whatsoever. The final thing to say on thewhich suggests that the cost to the GDP of this 60 per
precautionary principle is there tends to be ancent reduction in CO2 by 2050 would be so low as to
important sub-part of this which relates to thebe equivalent to the error term in forecasting
question of things that are irreversible. This isforward. That model is an input/output model. It has
important in the climate change debate and in thea perfectly legitimate history. It was the sort of thing
environment debate more generally. If, for example,in earlier form that was used by the CEGB to plan
a policy is quite likely to lead to the extinction offorward electricity generation plants etc., in the UK.
species, this is in any reasonable time irreversible.What you see going in determines what comes out the
Therefore, we should put special weight and concernother end. That is where my criticisms of the
to things that are going to have that kind of eVect. Inassumptions going into the model, in particular in
the climate change area, in one sense, it is prettyrespect of the costs of wind and the cost of energy
obvious that the process of climate warming iseYciency, have been published. That is why in the
irreversible in any reasonable human time span.detail I do not happen to subscribe to the notion that
Whether the consequences are irreversible is lessthe GDP costs of all this are low. It is very important
obvious. I do not claim to understand the science,in this context to bear in mind that one of the
long distance, of how these eVects play out, but thatadvantages of MARKAL is to show you that if you
point illustrates the general one that one should bepick certain assumptions you get particular answers.
very precautionary about how one uses theIt turns out the government was deeply interested in
precautionary principle. One should not think that ita solution to the climate change problem which was
mandates a particular outcome which says we mustlargely based on wind and energy eYciency and not
do a great deal about this problem now.much else, particularly not nuclear power. It matters

which precise assumptions are used as to which
policies ministers and their oYcials think are the Q273 Lord Lawson of Blaby: There are two sides of
most eYcient policies to pursue. What I am the equation which can be changed. You listened to
suggesting is this is extremely thin ice. The policies the previous witness. There is the question of trying
chosen depend upon the assumptions that went into to mitigate by having fewer greenhouse gas emissions
that model and I am not at all clear in the policy or a lower rate of growth of greenhouse gas emissions
process that the people making decisions fully and you have indicated that maybe nuclear would
understood how dependent they were on the nature have a bigger part to play in a rational world than the
of the assumptions that were going into the answer. government has allowed. Anyhow, there is the

mitigation through agreements of one kind or
another; or there is adaptation to reduce the costs ofQ272 Lord Lawson of Blaby: That is a very nicely
the warming that is probably going to happenunderstated comment. Another thing in the White
anyway. Do you feel that there is a case for sayingPaper which the government subscribed to was the

precautionary principle. All of us in our daily lives that the problem with the mitigation, certainly the
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enforcement mechanism there. The costs for eachsort of mitigation of government and other
country vary enormously. There is not commonalitygovernments, depends to a considerable extent on
in those costs and so on, so the idea that there will beinternational agreements which are extremely
an international architecture which is a crediblediYcult to get everybody to sign up to? Indeed, it is
cartel rather than just an agreement on aspiration ispossible in a wicked world that some countries—not
quite hard to grasp. That is what leads countries likethis country of course—might sign up to something
America to take the view that, rather than, “Let’s tryand not totally honour what they have signed up to.
and have fixed caps” like one would have productionThis is a very uncertain situation, whereas on the
caps in OPEC, what one should do is recognise thatadaptation side you can have a national policy for
it is pretty unlikely that that is going to happen andadaptation which would definitely have an eVect in
go down the technology route instead. Whether theythat country. If you wanted to devote your overseas
are going far enough down that technology route,aid to helping the Bangladeshis to adapt, that does
whether they are doing the right things with carbonnot need an international agreement. There ought to
tax and so on are all good questions to ask but that isbe a higher discount rate on the eYcacy of policies
what breaks out on that side. That leads to the ideawhich require international agreement than there is
that the mitigation policy that you want to pursue, ifon the eYcacy of policies which do not require such
you believe an international agreement is very hardinternational agreement.
to go for, is technology because the technology opensDr Helm: I do not think the right answer is to adjust
new markets to yourself. It reduces the costs ofthe discount rate. The first argument is that
mitigation very considerably and it may, in the casemitigation depends on international cooperation for
of clean coal technology, have a massive market. Theits eVectiveness because it is a global problem.
French look at this problem and say, “How can weTherefore, since there is not an international
sell 24 gigawatts of new nuclear power to China?”agreement, the returns of these mitigation measures
That is a policy which is technology driven to addressare lower. I can unpack that in two parts. First, on the
these particular outcomes. We look still at the ideacosts of mitigation, it depends what you do. I am
that countries like China and India are going to signcompletely agnostic on this question of nuclear
up to the kind of caps that Kyoto has in mind. Howpower one way or another. I think the evidence is still
can you have a country growing at 9 per cent perto be sorted out. You could say the French, in
annum, based largely on fossil fuels, with thebuilding 50 PWR nuclear reactors, have built an
aspiration to have first world standards of living, andinvestment which is a non-carbon based investment,
say at the same time you think these countries arethe costs of which to the French economy, although
going to come within a meaningful frame of anthey may be higher than some of the costs we have
international agreement which is going to be anhad here, are not that great. That is a mitigation
enforceable carbon cap? I find that very hard toaction which would come very low down the cost
swallow. On adaptation, a lot of it is no regretsfunction. It would be very hard to argue that that has
because if the scientists are right even within thebeen more expensive than building wind farms, for
range of their projections we are going to have quiteexample, so for some mitigation there is a lot lower
a lot of global warming. Therefore, we are going tocost than others. The time period over which you do
have to address quite a lot of these areas. Forit aVects those costs. If technical progress takes place
example, cornering the market in international floodand it might be much lower in the future. I think it is
defence seems to me to be a very good businessabsolutely right that the idea that one could have in
proposition as well as a good use of public money.this context of global warming an international
The adaptation has its value, but one is looking foragreement which stitched everything up, was pretty
areas where there are opportunities and pay-oVs tocertain in its outcome and addressed the issues in an
diVerent policies; there are trade-oVs between theequitable way, is a long way away. This is not like the
component parts to manage these costs rather thanMontreal Protocol and the ozone problem. This is a
simply assuming they are very big up front. It

complex problem in which all the characteristics that depends what you do and how you do it as to the cost
you might want to get an international cartel, a profile that you get.
carbon cartel, to reduce things, nearly all of them
work in a fairly adverse way. There is not even certain
measurement of carbon emissions. We have only a Q274 Lord Lamont of Lerwick: We are interested in
limited idea of what is coming out of Russia. There is ways in which the UK government can help to
every incentive to cheat. There is no punishment improve this process of dealing with climate change.
strategy. What are you going to do if a country says, There are two aspects which have arisen in our
like Spain, “I am going to have a national quota to evidence taking. One is the IPCC process and
reduce my CO2 from its current high levels” and it whether that can be improved. I do not know if you
just carries on doing it? What is going to happen? Are have any thoughts on that. The second is the role of

economics in the international negotiations.we going to send the troops in? There is not an
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and programmes of research of internationalDr Helm: If I could put that in the context of the
cooperation. There is 100 years of experience ofcurrent negotiations around G8 and indeed even the
doing that and it seems to me that that is a veryEU presidency and thinking about what happens
substantive role that we could play. Then it comesafter Kyoto, several months ago it seems to me that
down to particular kinds of technology. BNFL ownsthe British position was what we need to do is get the
Westinghouse which has one of the two leadingAmericans to sign up to Kyoto. If we did that, we
nuclear reactors in the world. We still have some coalwould have brought them within the tent. There
based technologies. We have particular ones that wewould be bilateral pay-oVs in terms of negotiating
can contribute to that frame. Getting anleverage from Iraq in the way in which we used the
international pooling of R&D and researchers in theWTO negotiations to help with the Russian entry
technical side and the supply side seems to me to beinto Kyoto, but we should do that. This seemed to me
of great merit.to be completely misguided, (a) because the

Americans were not going to come into Kyoto but (b)
because it did not create the framework within which

Q275 LordMacDonald of Tradeston: If the UK wereyou could get some kind of broad framework of
to be an exemplar for this, are there ways in whichunderstanding. It seems to me the component parts
you would want to modify any of our regulatoryof trying to help this international process forward
regimes in the near to medium future to begin toare, first of all, the science. What is interesting from a
demonstrate the eYcacy of it?policy perspective is not whether the science is
Dr Helm: If one sees a substantive part of thisuncertain. Of course it is. The human condition is
problem as being energy related, there is also theuncertain. It would be absurd to imagine that this
transport component within it. It is quite clear thatsort of problem is something we can just quickly get
practical technologies require both, good scientistscertainty on. What is really interesting is to get the
working in labs with good applied projects, andcountries to agree what it is they disagree about.
government money, but also they need businessesWhich bits of the science are agreed and which bits
who work in these technologies on a day-to-day basisare outstanding and matters of disagreement? The
to be engaged. It is relatively simple to say that in theExeter exercise, I had hoped, would be very much
electricity industry there should be someabout getting a statement of what it is that is agreed
contribution of costs towards collaborative R&D. Iand what it is that we disagree about going forward.
personally proposed a very small R&D levy, perhapsThat is part of bringing the Americans and others on
a pound a customer per year or whatever, whichboard. Is there enough in the science to say, “We do
would finance part of the cost structure of thesehave a problem,” even if we agree that these are the
businesses which should rightly include R&D. Therethings we disagree about? Once you know as a
are mechanisms of using the regulatory regime to bescientist what it is you disagree about, you know
much more R&D friendly without much cost. Wewhat to spend your research money on; you know
already do it for energy eYciency. People are alreadyhow to get reasonable academic processes in place to
paying an energy eYciency tax but they do not realiseclose down those areas. The science is the first thing.
it. That could be done. I think there is a problemThe second thing is that absolute caps on CO2 seem
about cooperation in big scale plant whereto me to be hopeless, particularly in the case of the
competition policy comes right up against thedeveloping countries but also the Americans.
advantages of pooling resources. If three or fourReducing the carbon intensity in GDP is perfectly
power generators were to sit together in a room anddoable. It is not as good as having an absolute cap.
discuss how to jointly develop a new clean coal plant,What we are saying is that for each unit of GDP you
I suspect people in competition authorities might betry to reduce the amount of CO2 you are producing
quite upset by that but the fact is that there will have

for that unit. It has been going in the right direction
to be such international collaboration. You would

for a very long time and that is something which one not want to avoid having that collaboration in the
could work on. One could think of direct pay-oVs. nuclear industry. One should think about that more
Getting the Chinese to reduce their CO2 intensity is generally. As I understand it, the best way of getting
something we practically can contribute to through round that is for government to be the organising
clean coal, nuclear and all sorts of other ways. focus rather than simply leaving industry to get on
Getting them to reduce the absolute cap means no with it, threatened by the competition concerns that
contribution is made, so it is getting people to focus might arise.
on the intensity of CO2 in GDP. The third thing is
international collaboration on R&D. That should be
right at the top of the list of things the British should Q276 Lord Goodhart: You have written a lot about
contribute. Whereas we may have a limited science the need for consistency in government policy
base compared with the Americans and others, we because inconsistency in public policy naturally leads

to ineYciency in public spending. Can you commentare extremely good at providing fora and focuses
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that people would choose to avoid the costs of theon the extent to which the policy of our government
carbon tax does not tell you that the other policies areon climate change is consistent?
any cheaper. It tells you the other policies are at leastDr Helm: Unsurprisingly at this stage, it is very
as expensive as the carbon tax would have been.inconsistent. The way to put the importance of this
Finally, in that context, we have just had a carbon taxpoint is to say: could we achieve the same level of CO2

which is a multiple of the oil price by four. It is anemissions as we currently do at significantly lower
OPEC-imposed carbon tax. The price of carbon hascosts than the current costs? The answer is almost
gone up a lot. Has behaviour shifted very much? No.overwhelmingly, obviously, yes. The way to think
What that tells you is technically the elasticity ofabout that is to say: there are lots of diVerent policies
substitution is very low and what it tells you inwe can pursue and we could rank them according to
practical terms is you need to impose a very high costcost. At one end, there are very cheap costs
before people will change their behaviour, and thatapparently like some parts of the energy eYciency
tells you that people value their current behaviour,programme. At the other end, there are very
which is very polluting in carbon terms, very highly.expensive policies, as the National Audit OYce has

just pointed out, like the costs of wind. In between,
there are technologies like nuclear which are quite Q277 Lord Goodhart: Could not that be because the
expensive but not as expensive as wind probably and OPEC price increase is seen as something that is short
a lot more expensive than energy eYciency. We term and people are therefore expecting prices to go
obviously want to pick oV the low hanging fruit first, down in the future?
partly because technical change is going to improve Dr Helm: I am not a predictor of oil prices. It may
things through time and partly because that is what have been a year or two ago—particularly at the
economic eYciency is about. There is a limited beginning of the first bit of the spike at 2000—that
amount of public money out here and a limited people felt prices would fall away very sharply. I
amount of money that customers are prepared to would put it to you that the consensus is now rather
pay. How best to do that? There are two ways. One is diVerent. It is perfectly reasonable to argue that it
the government could pick the winners. It could say, takes time for that carbon tax to feed through and it
“The right answer is energy eYciency, and essentially will certainly have eVects. As an economist, I think
wind. It is not nuclear power and it is spending by the prices do in the end feed through. The reason why it
Carbon Trust and the Energy Savings Trust.” will take time to work through is because the capital
Broadly, that is where we are and I think that is stock people have—their sports utility vehicle or their
unsurprising. People deny we are picking winners but gas fire or whatever—is geared to a world where
there is no doubt that, through the White Paper those prices were lower. It will take time, but how big
process, the early reductions in CO2 were focused in will that tax have to be through time to get that
two very specific areas: renewables and energy change of behaviour? Pretty large, and that feeds
eYciency. In renewables, everyone understood that through to my general proposition that the costs of
meant wind. The other way is to use the market. The this transition are quite large too. However, in 20 or
normal way in which we get an economy to respond 30 years’ time with technical change, it might be quite

cheap to switch to non-carbon-using vehicles in theto new needs or requirements is to fix a price. The
way, for instance, people switched between leadedobvious price to fix is the price of carbon and we can
and unleaded petrol relatively quickly becausedo that through the emissions trading scheme which
unleaded technology was available.fixes the quantity and the price emerges—about

nine—or we can fix the carbon price and then see
what happens. What does that do? If you fix the price Q278 Lord Elder: Can we return to Kyoto and the
of carbon, it would not be discriminating between whole Kyoto process, please? You have made very
nuclear and wind or energy eYciency. It would make clear some of your views about Kyoto and the extent
it absolutely clear what the environmental bonus for to which it simply does not encourage the sort of
these various technologies is. It would sort out that R&D development you are obviously very keen to see
supply function and it would give consumers an and also the unrealistic nature of using Kyoto in the
incentive to change their behaviour. It is on the big problem areas in terms of emissions of India,
demand side that we probably have to move in the China and the States. In that context, we are about as
very short term. Why would we not do it? Two I understand it to go into the next protocol process.
reasons: first, people say that the carbon tax would What would you like to see the British government
have to be very high. This is the bit that sticks against arguing for in that process and what would your
the idea that the costs of climate change are very low. hopes be for the outcome of that process?
If it turns out you need a very high carbon tax to get DrHelm:To think through what should happen after
a change of behaviour, it is not possible to argue at Kyoto I, after 2012, one has to work out what is good
the same time that the costs of achieving a carbon and bad about Kyoto first time round. The argument

for Kyoto is that at least it shows people are willing toreduction are very low. I would argue that the fact
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agreement which brings as many players as possibledo something and it has moral power in persuading
into the tent, is very largely based on technology andpeople that at least we are prepared to make some
recognises that such an agreement cannot possibly ateVort. Against that is the fact that Kyoto will have
this stage encapsulate absolute caps on emissionsvirtually no eVect on the climate change problem.
from at least two of the three major, potentialWhat really matters is: does Kyoto produce better
polluters, India and China, but probably the Unitedoutcomes post-2012 than otherwise would have been
States too. That is to put it in the context that thethe case? In terms of the structure of Kyoto, what is
choice is this: are you going to burn all that coal inwrong and therefore what does one want to put right?
China, India and America and are you going to burnFirst of all, it does not include the main potential
it in dirty technology or clean? Compared with thatpolluters. Any international agreement which does
question, most of the other aspects of climate changenot include the United States, China and India is not
are not trivial but technical and nothing in Kyotogoing to get us very far. That is 50 per cent of total
addresses that fundamental coal problem, theemissions anyway. Second, in order to get it to work,
Chinese, Indian and American component. That isit has been utterly crucial to bring Russia into play.
what we need to focus on.Russia has joined, not in my view because there is

some great conversion to the merits of dealing with
climate change—indeed, there are aspects of Russia Q279 Lord Vallance of Tummel: I would like to
that look to do rather well out of climate change. The explore a little more what you think is driving the
northern sea route is open. The oil can flow by sea by current UK policy. In a way what you have said—
the north east passage. These are really important correct me if I have misinterpreted it so far—is that
factors. The carbon base of the Russian economy is we have a government which really wants to be seen
absolutely crucial. Put in another way, if people to be doing something, picking winners in terms of
stopped using carbon, Russia’s economy would be in wind farms and so on, which you can see very well—
some diYculty. That is not to say there are not I guess you would concede there is nothing quite so
disadvantages too in Russia. Bringing Russia in will visible as a wind farm—and joining into what you
basically involve Russia being paid substantial sums called I think the demonstration process of Kyoto
of money for the gas emissions, the so-called hot gas, which again is being seen to be doing something. Am
which is the result of the fact that the economy I right in that and, if I am, what would be required to
collapsed in 1990 or thereabouts. It has a surplus. If turn a UK government into thinking in the way you
I were to put it very unfairly but probably pretty answered the last question?
accurately, what we are eVectively going to do is pay Dr Helm: We come out of 20 years in the energy
a large sum of money to Russia to have the Kyoto sector in which we have had abundant fossil fuels, our
Protocol in operation so that the Russians can spend own gas and oil supply. Fossil fuel prices have been
that money developing their oil and gas industries. very cheap. We have had excess capacity in refineries,
That is the net financial flow that comes out of this power stations and infrastructure inherited from the
particular exercise. That is immediate. The climate public sector. The job in the energy sector for 20 years
change problem is a long term problem. This may or was to sweat those assets. That is the business
may not be significant. What is really wrong with proposition. We did not need to build very much.
Kyoto is it gives no long term incentives at all. It is all What we needed was to get the costs down and run it
short term. Everything is focused down to 2012. eYciently. It has been a remarkably successful period
There will be virtually no technical change during in which we have used privatisation, liberalisation
that period, virtually no change in the capital stock of and competition to get to that outcome. What the
any significance and therefore it does not really begin government did at the end of that period was to say,
to address what I think is the important component first, is this system going to give us security of supply,
of this, which is where are the incentives to develop which is always the first claim on an energy policy?
the new technologies, the 21st century industries, Secondly, because the Royal Commission on
which are non-carbon based. The Americans will Environmental Pollution created a problem which
look at this problem and say, “Carbon is just another government had to answer—which was what are we
great challenge to the American experiment of going to say, given they recommended we reduce
capitalism. Capitalism will produce new technologies emissions by 60 per cent by 2050; what is our form of
to address these problems and we need a treaty which response going to be?—how do we factor that in? It
enables us to do that. We produced cars, electricity, would be a tall order to expect a government to be
the internet. This is just a technical problem against able to switch from the world of the 1980s and 1990s,
which the great American technical possibilities can where the priority was basically cost eYciency, to one
unfold.” I paraphrase that but there is that position. where climate change and security of supply were the
What the UK needs to do in taking forward these dominant concerns with a blueprint for action on the
negotiations—and it is a very pivotal point to have in table. Policy, in my experience, does not quite work

like that. It is a much slower process. What thethe G8 and the EU presidency—is to focus on an
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of energy eYciency policy today has been aboutgovernment did in the White Paper was, first of all,
social policy. It does address the fuel poverty issuesomething very clear. They adopted this 60 per cent
quite well. If we are thinking about security of supply,reduction in CO2 by 2050. Whether that is the right
we have to remember that nearly all our nucleartarget or not, they adopted it. That is a sea change in
power stations are about to close in the next 15 yearsenergy policy. It would be unrealistic to expect at that
and most of our coal stations are very old. We havestage that they could also have thought out precisely
to have some baseload power on our system and wehow to achieve it. Indeed, part of the uncertainty in
have to ask ourselves what baseload power wouldthis framework, particularly the technical change
you want to put on our system now if you wereuncertainty, leads one to the view that you should
concerned both about the security of supply and yourhave flexibility. You should not have government
core issues and your interest in climate change. Iblueprints which say 15 nuclear power stations, 20
think—and this is a hotly disputed issue—that,wind mills etc. That said, they do have a policy in the
although I am not an advocate of nuclear power andWhite Paper which is, if I paraphrase it, to achieve
I am agnostic, nuclear power would come out prettythis objective as a British contribution to reduction in
high on that list, but probably wind farms would not.CO2 largely independently of what the rest of the
People argue about that. We obviously do not have aworld does, through wind farms and energy
framework within which people would be interestedeYciency, and to tell the public that this is not going
in nuclear power. The government says nobody hasto be very costly. If you remember the foreword that
put a proposition on the table. Of course they havethe Prime Minister set out for the original PIU study
not. Nobody has put a proposition for a windmill onwhich produced the White Paper—I paraphrase
the table without government support to do it. Thoseslightly—he stated that our energy policy was cheap
are the sorts of policies once we have the framework.energy which was also sustainable and secure. The
Should we go beyond that? Should we bind ourselvesWhite Paper puts that picture together. It tells people
to really high targets? In a funny kind of way, theit is going to be cheap, it is going to be secure and it
bigger the targets you unilaterally adopt, the lessis going to be sustainable because of the CO2 incentive there is for other people in international

objective. I am not surprised that we are at the point coalition to join in. In other words, if you are going
where the policies are now being rethought. I hope to do it anyway, you give up bargaining power in the
that there will be a substantive review of energy process. Beyond the 2050 target, why would one want
policy to think through what policies are required to take one’s policy forward by trying to tighten up
now, after two or three years of seeing how well we the objective rather than think about the practical
are doing, to really take our climate change policy ways in which one could take it forward? I have
forward. In that framework, the sorts of policies that stressed all the way through that of all of those things
I would be in favour of are policies which have the a serious look at the government’s science and R&D
most non-regret elements to them. Energy is not just policy, for which the 10 year plan is a starting point,
about climate change; it is about security of supply, would be a core component part.
fuel poverty and other components as well. For Chairman: Thank you very much indeed. We are
example, energy eYciency is likely to be much more most grateful to you. It has been a very interesting
expensive than the government thinks but it is quite session.

NOTE: Q280 UNALLOCATEDa good social policy. Indeed, I have argued that most
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Memorandum by Professor Sir David King, Chief Scientific Adviser to the UK Government

CURRENT UNDERSTANDING OF CLIMATE CHANGE SCIENCE

Introduction

1. I welcome the Committee’s interest in the critical issue of climate change. In my capacity as the
Government’s Chief Scientific Adviser my own involvement in the subject is well known and has been wide-
ranging. This has included:

— Presenting climate change science and raising the awareness of climate change amongst the public,
industry, Parliament and Governments worldwide.

— Focusing on the action required, including: (i) the energy innovation needed to achieve a radical
shift to a low carbon economy, (ii) the establishment of the UK Energy Research Centre, (iii) UK
participation in the International Thermonuclear Experimental Reactor (fusion) project, and
(iv) steps to improve the energy performance of the built environment.

— Focusing on actions required to meet the impacts of global warming: particularly through the
Foresight Flood and Coastal Defences Project, set up with the Environment Minister Elliot Morley,
as stakeholder Minister.

— Providing support to Defra, FCO and No 10 on international action, as well as through the network
of international Science and Technology Attaches and the Global Science and Innovation Forum.

2. The science of climate change is a mature subject. The French mathematician Fourier in 1827 put forward
the greenhouse gas concept: our atmosphere absorbs heat that would otherwise radiate out into space. This
manifests itself in two important ways. Firstly the Earth’s average surface temperature is kept at about 15)C
by this blanket eVect of the atmosphere that surrounds it. Without the greenhouse eVect, life on this planet
would not exist as we know it, as the average temperature would be "18)C. Secondly, night-time temperatures
would otherwise be much lower than they are without the blanketing eVect provided by the greenhouse gases.
Fourier’s work was followed in 1860 by the discovery by the British scientist Tyndall that the major
constituents in our atmosphere, nitrogen and oxygen, do not absorb heat (infrared radiation from the earth),
and that the greenhouse eVect is due to the minority gases in our atmosphere, especially water vapour, carbon
dioxide and methane: the greenhouse gases.

3. On this basis the Swedish Nobel prizewinner Arrhenuis did the first global warming calculation in 1896.
He said: If the human population should burn so much fossil fuel that the carbon dioxide level in the
atmosphere should double, what would the temperature rise be? His calculation yielded an average global
increase of 5)C. This is a very large increase: for example, the diVerence in temperature between an ice age and
a warm period is about 5)C to 8)C.

4. More recent calculations of the global temperature increase that results from a doubling of carbon dioxide
levels yielded a temperature range of 1.5–4.5)C and research from the Hadley Centre proposed a temperature
range for doubled CO2 of 2.4–5.4)C, but these results, and other recent research, do not rule out the possibility
of even greater temperature change, suggesting that the scale of climate change could be quite diVerent from
previous assumptions.

5. Carbon dioxide levels in the atmosphere, and water isotopes serving as a proxy for global temperatures,
are encapsulated in ice layers in the Antarctic and on Greenland. The latest data from ice cores show that over
the past 750,000 years the Earth has been through eight cycles of ice ages and warm periods. In each of the ice
ages the carbon dioxide levels were at around 210 parts per million in the atmosphere. In each of the warm
periods the carbon dioxide levels rose to 260–280 ppm. Temperature changes were 5 to 8)C. The correlation
bears out the greenhouse model described above.
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6. Carbon dioxide levels in the atmosphere have been accurately recorded at the Mauna Loa Observatory,
Hawaii, since 1959. They are now rising at a rate of approximately 2ppm per annum, and are approaching
379ppm, 40 per cent above the pre-industrial levels of our current warm period and also all previous warm
periods.

7. Global temperatures have increased by 0.6)C over the past century. This is in broad agreement with the
theory of the greenhouse eVect, and is what Arrhenius predicted in 1896.

8. Some argue that warming is happening, but that it is simply part of a natural cycle. They point to the
relative warmth in Europe in the middle ages and the cooler conditions that occurred in the 17th and 18th
centuries—the so-called little ice age. There are undoubtedly natural fluctuations but we are now facing a
sustained warming trend that can only be explained by the rise of greenhouse gases in the atmosphere. The
eVect of such warming is seen globally in glaciers, which are in retreat around the globe. Some have been dated
back to the last ice age, 12,000 years ago, and are in retreat for the first time in our warm period. The latest
supporting data was published from the Chinese Academy of Sciences late last year. A 25 year analysis of the
Chinese glaciers, which correspond to 15 per cent of land-based ice on earth, based on more than 30,000 aerial
photographs and satellite images, demonstrated the loss of 8,000 km2 of ice cover in this period. They
estimated that the Chinese glaciers will have disappeared by the end of the century.

9. Impacts of climate change predicted by the modellers are already occurring: the middle Europe summer of
2003; high intensity rainfall, hotter summers, etc. Climatologists are currently focusing their attention on a
number of key factors.

(i) What are the extreme events that we are vulnerable to as global warming continues?

These include: a slowing, or even termination, of the thermohaline circulation which maintains northern
temperatures about 8)C higher than they would otherwise be; loss of the Greenland ice sheet, which would
produce global sea level rises of about 7 metres over a timescale of a thousand years or more; enhanced retreat
of glaciers in some regions; major alterations to the Indian monsoon and desertification of increased areas of
the African continent.

(ii) Water vapour

As carbon dioxide levels increases all models show an increase in the temperature of the earth and sea. In turn,
this increases the amount of water vapour in the atmosphere, which is a greenhouse gas itself and will further
raise the temperature. This is a big positive feedback. However, this water vapour can form clouds, and the
clouds can have opposite eVects: they can act as a blanket, adding to the greenhouse eVect, or they can reflect
sunlight back into space—especially high white clouds—and cause cooling. This is very diYcult to model.

(iii) Loss of forest

Forests remove carbon dioxide from the atmosphere. Deforestation due to human activity is a well-known
problem. But sophisticated models now show that decreased rainfall is likely to accompany global warming
in some critical forested areas. These include the Amazonian tropical rainforests. Reduced rainfall could lead
to dryer conditions and increased numbers of forest fires. This would increase global warming quite
substantially.

(iv) Acidification and warming of the oceans

As the CO2 level in the atmosphere increases, so does it also increase in the oceans, which raises the ocean
acidity (ie lowers the pH). EVects on coral reefs and plankton populations have already been noted. The wider
impact on marine life and on the food chain, including the human food chain, is an area requiring urgent
further study.
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(v) Global dimming due to aerosols and pollutants

Careful measurements of solar intensity indicate a reduction in sunlight over the past four decades. This is
attributable to pollution generated by advanced societies, sulphurous coal in power stations and cars being
the major sources. This cooling eVect could have masked the true extent of global warming. The clean up
process in power stations, car exhausts and other sectors of industry is reducing the aerosol content of the
atmosphere and this could lead to greater levels of global warming than we have anticipated.

The Climate Change Sceptics

11. These fall into three quite diVerent groups.

(i) Serious scientists who stress the problems of modelling aerosols and cloud cover. They do not reject
the greenhouse model, the observed increases in carbon dioxide or the observed increase in global
temperature. There are very few in this category. The best known is the American climatologist
Richard Lindzen.

(ii) A second small group of scientists who appear at every meeting but are not seriously regarded. These
include scientists who argue, without any proper evidence, that sea levels are not rising at all or that
global warming is due to increased solar activity.

(iii) Finally, there is a very vocal group of professional lobbyists. Some have had scientific training, but
most have not. They manage to make their voice heard as they are articulate and clearly well-funded.
They fall into the same category of lobbyists for the tobacco companies who claim that links between
smoking and ill health are still not proven.

12. In summary, it is quite clear that the balance of international scientific opinion is overwhelmingly in
support of the conclusion that climate change is a real and present danger, requiring urgent and committed
action. It nonetheless remains a significant issue, in terms of gaining wider political and public consensus on
the need for action, that the arguments put forward by the sceptics gain publicity and influence far beyond
that which can be justified by the standing of the individuals concerned, by the validity of their arguments,
and by the scientific credibility of the evidence that they are able to put forward.

24 February 2005

Examination of Witness

Witness: Sir David King, Chief Scientific Adviser, examined.

Q281 Chairman: Sir David, welcome to the any Chief Scientific Adviser in particular. What it
really sets out is that the trust the public had incommittee. Before we start questioning, is there

anything you want to say? science advisers depends critically on the science
advice not being determined by the politicallySir David King: Yes, there is. I am very pleased to
expedient moment of the time. The relationshipbe here, if not a bit surprised to find myself in front
between BSE and variant CJD in human beings,of an Economic AVairs Committee, but delighted. I
that ability for it to transmit across a species barrier,thought I therefore ought to start by explaining my
and the relationship between the infectious spreadposition in government as I see it. As Chief Scientific
of BSE amongst cattle and the feedstuV that thoseAdviser, appointed in 2000, I have always made it
cattle had, was part of the science advice. But thatmy intention to be absolutely objective in the advice
science advice may not have been seen to bethat I give, that that advice should not be subject to
convenient to the economy at the time. There wasany political pressure whatsoever, and that it should

always be based on a detailed analysis of the also not a proper mechanism within the department
concerned for seeing that the science advice reachedsituation on which I am advising. That detailed

analysis always includes meeting the experts who are directly to the Secretary of State without
intervention in the path. I have made it a particulartaking diVerent positions possibly on a given

situation, and challenging the experts. I was very eVort of mine to see that these blockages and those
factors are all transformed within government. Westrongly informed by the Phillips Commission

report in that year of my appointment into the BSE have also had other instances of major issues where
science advice has been required. Can I briefly referepisode that beset the country over some period of

time. I just wanted to take a moment to explain that to those? I want to indicate to you that I am neither
on the side of the environmentalist who is lookingthe Phillips Commission report, although it is in 17

volumes, the first volume is well worth reading, for for catastrophic issues nor on the technological side,
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is one that is not confined to any continental orwhich would say we can always patch everything up
with a piece of new technology. For example, when national boundaries. It is a problem that is truly
Wakefield announced that there might be a global in its extent in that no country is in a position
relationship between MMR and autism, the uptake to say, “We will not be aVected by the impacts of
of the MMR vaccine in the country dropped to climate change”. When I make that statement, I can
quite dangerous levels. My response was to examine look at where we are at the moment with just a
the scientific evidence. I did emerge with an analysis 0.6)C rise in temperature. During the hot summer
of 526,000 children born in Denmark over a 10-year of Europe in 2003, there was something like 30,000
period. Over that period, the incidence of autism excess fatalities. Two very detailed statistical
statistically in the group, 15 per cent or so, who did analyses have been published by two quite
not have vaccine, was the same as the group that independent scientific groups into the hot summer
did have the vaccine. In fact, very fortunately—and of 2003. What we understand from those analyses—
you will understand why I say this—the group that and I give my certainty limits on this—with a 90 per
did not have the vaccine had a slightly higher cent certainty is that half of the severity of that
percentage of autism developing. There is no summer can be attributed to the global warming
relationship intended. It was within the statistical that has already occurred. The reason for that is
norms. Here is a point about scientists who become that the baseline temperature in central Europe has
attached to a particular viewpoint on which they increased to the extent that half of that temperature
have, if you like, stuck their necks out. Wakefield, rise in that summer above the norm over the last 150
despite this information, continued to press his years is actually the baseline increase. That means
assertion. That is an important part of the psyche two things. The first is that if we continue with the
of the individuals, even scientists, who, after the temperature rise, as I am afraid we will have to
theory has been hammered down, will still continue anticipate will happen, by about 2030 the average
to press it. I mention those and then one further summer temperature in Europe will be the same as
incident, and that is the recent tsunami disaster in that extreme event in the year 2003. Without the
the Indian Ocean. The scientific advice was that that baseline increase, that event would have been what
particular plate boundary along Indonesia was the we call a one-in-1000 year event. With the baseline
most likely boundary to give, and to give rise to a increase, it becomes a more probable event. We are
large-scale event such as the tsunami. That scientific looking already at impacts which have severe eVects.
advice had gone to the governments in the region, Of course, and I want to say this quickly, there are
but no action was taken. I submit the reason no some positive impacts of global warming. For
action was taken is because the economics did not example, the number of people dying in central
look advisable to the governments at the time; and Europe and in Britain from hypothermia during the
the economics were at a cost of $30 million for an winter has decreased over this period of time
early-warning system to be installed. A figure of because our winters are warmer. I just want to say
240,000 people have lost their lives and I believe that one other thing about my statement. The impact is
number could have been very significantly less if the global and the impact requires two responses on the
scientific advice had been taken by those climate change eVects. One is that we have to
governments at the time. prepare our countries to deal with these anticipated

impacts. For example, in central Europe, if we had
prepared societies for the possibilities of hotterQ282 Chairman: Thank you for that introduction
summers, I think that the number of fatalitiesshowing the importance of the scientific adviser and
could have been quite significantly reduced.the advice that that person gives. The first question
Understanding the output of scientists is a veryI have to ask follows from what you have said in
important factor in dealing with potential impacts.your memorandum to us. You say that global
The other factor, of course, is mitigation. If wewarming is the most serious problem facing us
extrapolate into the long-term future, towards thetoday. Is it even more of a problem than what is
end of this century, simply with continued non-happening in the underdeveloped world with
abatement of carbon dioxide emissions through thepoverty and things like that, even more important
use of fossil fuels, the impacts will be very severethan all of these other possibilities?
indeed. We also need to mitigate against that bySir David King: You are asking a very good
reducing our dependence on fossil fuels or byquestion. The answer to your question is that I
capturing and sequestering the carbon dioxide thatwould not have made the statement if I did not
is emitted when we use fossil fuels. That is a massivebelieve it. I am certainly happy to be challenged on
programme and it requires tremendous agreementit. Within the continent of Africa, the problems of
at a political level across all nations. When I say itmalaria, HIV/AIDS and the problems of poverty
is a massive problem, I am also referring to theare simply massive. They are confined largely to the

continent of Africa. The problem I am referring to political nature of the problem here. There is an
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saying that according to him cloud cover can driveinertia in the global system, and there is also an
inertia in the political system too. climate change the other way. I have to say that

there is very little evidence to back that viewpoint.
The main point is that if you factor-in cloud coverQ283 Chairman: Are there not some countries that
and aerosols, you end up with quite a wide range ofcould benefit from global warming?
1.4-5)C. It would be diYcult to bet on the 1.4)C, letSir David King: I think all countries will face some
me say, because we have already seen a 0.6)C risebenefits and some risks. If we look at the analyses
and carbon dioxide levels are currently going up atthat have emerged just over the last few years, one
about 2 parts per million(ppm) per annum. Just towould have to say that overall the risks very
put that in context, in previous ice ages, we havesubstantially outweigh the benefits, particularly
always had about 200 ppm in the atmosphere andwhen the temperature rise exceeds about 1) to 1.5)C.
in all previous warm periods, including the present,Once we get to that sort of level of temperature rise
we have had about 270 ppm of carbon dioxide inabove pre-industrial levels, it is diYcult to see that
the atmosphere. Since the industrial period when wethere will be many benefits. Let me take, for
have discovered that we can mine fossil fuels andexample, Russia as a country where one of their
how to multiply rapidly—we now have 6.2 billioneconomic advisers, Andrei Illarionov, has said,
people on this planet—we have burnt suYcient“Russia will get warmer, and it will be more
fossil fuel to put carbon dioxide in the atmospherepleasant here”, but the impact on Russian society is
to the extent that we are now approaching 379 ppm.going to be very severe in the sense that the melting
This is higher than it has been for at least 750,000of the permafrost on which many buildings and
years. All of the discussion is about what is thecities stand will lead to quite massive destruction of
consequence of this. It is diYcult to look back inthat part of the built environment. If we look, for
our global history to answer that but the range thatexample, at the famous BP oil pipeline that goes
you quoted there is a range that emerges from anfrom Alaska down to the United States, that rests
attempt by scientists to reach a consensus. Whenalso on permafrost. In some parts of that there is
you reach a consensus, the person who is the biggestsinking already today. Even in those situations
sceptic has to say “yes” as well as the person whowhere it may seem one might anticipate advantages,
is at the other extreme, and so you end up with thisthe sheer rapidity of the change compared with the
range. I think that one could look much morepast rates of climate change will make it very
satisfactorily at an increase of around 3)C. IdiYcult to adapt.
apologise for taking so long.

Q284 Lord Skidelsky: The IPCC reports suggest
Q285 Lord Skidelsky: Not at all, and I would likethat we are looking at around 1-6)C average
to ask a supplementary to take you up on the pointtemperature increases in the next 100 years, but
of the aerosol. Am I right in thinking that the periodpresumably there are major diVerences in terms of
of mini-cooling, global cooling, from the Fortiesimpacts within this range. Can you comment on the
through to the Seventies was not predicted by thesort of temperature increases we are likely to be
models they then used, and in fact, if you put it thislooking at? In other words, which bit of the range
way, the prediction was retrospective? Thatis more likely than any other bit?
particular eVect of burning fossil fuels was thenSir David King: Analyses of that were conducted
incorporated into the models so that they did showrecently and were reported on at the Exeter
that cooling would have occurred. Is that not aninternational meeting on climate change last month.
uncomfortable position to be in?Let me say that the original first prediction of what
Sir David King: It would be if that was correct.would happen if carbon dioxide levels were doubled

was made in 1896 by Arrhenuis, and I refer to it in
my paper, and he said 5). Now you see that the Q286 Lord Skidelsky: But that is not correct, and

in fact that period was predicted by the models thatrange has spread beyond that. The reason is that the
calculation or computation is more diYcult than were in use, so to speak, at the time?

Sir David King: I think we are now going to theArrhenuis had set it out. As carbon dioxide levels
increase, and may I go into that, temperatures rise; point of asking: whose models? There is an

understanding of the global climate systemthe sea level temperature increases; and this means
that water vapour pressure increases. Water vapour developed from Fourier in 1827 through Arrhenuis.

Then we get to the British meteorologist Callenderis another greenhouse gas. If it stays in the
atmosphere, it will cause a positive feedback eVect; in 1938 saying he analysed all of the temperature

measurements made around the globe. I think therethe climate will more rapidly heat up. Of course
cloud cover may increase as water vapour increases, were about 300 weather stations going back to 1850.

He concluded from that that we were alreadyand cloud cover is diYcult to model. One scientist
I know you spoke to has made a particular point of experiencing global warming. That is the first
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that such variations are what we live with day bystatement we have subsequent to Arrhenuis that it
is already happening. Nobody at this point was day anyway.

Sir David King: The latter viewpoint is not amodelling. The modellers emerged largely from our
Ministry of Defence, from the Met OYce, when they viewpoint adhered to by the scientific community at

large working in this field. I do feel that you havebegan moving on from weather forecasting on a
short timescale to a medium-term timescale and subjected yourselves to a particularly strange

representation of scientists, if I may say, in thethen attempting the long term which becomes
instead climate prediction. The Hadley Centre was choice that has been made. The meeting at Exeter

that I have already referred to was looking preciselyset up to allow these scientists to work within our
Met OYce. at this question of impacts. I would be very happy

to submit for your reading one output from that
meeting, which is a 21-page table on the impacts.Q287 Lord Skidelsky: When was that?
When Sir John Houghton refers to this range ofSir David King: May I come back to you on that1?
impacts, he is properly, I think, referring to anThe Hadley Centre began producing probably the
enormous body of work on impacts. The first partworld’s most sophisticated models. I am very
of that table refers to impacts that have alreadypleased that in 2001 I can claim credit for signing
occurred, with a 0.6)C change. The table thenan agreement with the Japanese to allow the Hadley
proceeds to look at what the impacts will be at 1),Centre to use the earth simulator, the world’s
1.5), 2) and so on. To respond by saying that webiggest computer, to run their programme. I think
already have night-time and daytime temperaturethe Hadley Centre is still regarded as the leading
diVerences like that and it is not going to have muchmodeller for climate change. It is very important to
eVect is, in my view, to miss the entire literature thatunderstand that what they did was, before going
has gone into the field and an enormous body ofinto predictions of the future, simply to take past
great work.behaviour and ask, “Can we use our model to

predict past behaviour?” I think it would be wrong
to say that they more or less cheated by fitting their Q289 Lord Skidelsky: May I ask one quick
model to the data. What they found was that they question which may not be relevant? You were
could describe rather well the changes that occurred talking about the hot summer of 2003, which
from 1900 until 1992 and then extrapolate their ordinary individuals like me would regard as an
models further into the future so they get a good fit exceptional, rather agreeable heat wave. I can
into what has happened. If we look at the data recollect that 1959 was a year like that and I think
points since that time, eVectively they predicted that 1976. Up till now, I have accepted those as brief,
we would have the hottest period on record. They agreeable, heat wave summers. Are they rare?
predicted that before it happened. I do not think we Sir David King: What we are talking about now are
can fault the modellers. In fact, I have to say my extreme events. We have always had extreme events
position is that climate change science is a mature and we are always going to have them. No climate
science. If you ask climatologists, “Is carbon dioxide scientist is going to attribute extreme events to
a greenhouse gas?” they will all have to say, “Of global warming unless they have done a very
course it is”. Are oxygen and nitrogen greenhouse detailed statistical analysis. The summers that you
gases? Absolutely not. We can measure the eVect of refer to are extreme events but by no means as
absorption of heat, so most of the atmosphere is not extreme as the summer of 2003. I am afraid there I
greenhouse gas. Water vapour, methane, all of have to disagree. The temperature in the summer of
these, have been carefully measured and factored 2003 was a good 2.5) C above the average
into the model. We are not randomly picking temperature over the last 150 years for which we
numbers, if you like, to fit the data. It is an have detailed records, and certainly by far the
enormous intellectual exercise that has gone into the hottest. In some regions of central Europe the
modelling. I am simply reacting because I would not temperature was 10) C above the normal summer
like it to be suggested that it was anything else. temperature in that region. I do not think anyone

who experienced that would describe it as a pleasant
summer. It was extremely unpleasant.Q288 Lord Kingsdown: May I ask you to comment

on a conflict of opinion that we have had in expert
evidence, if you would? Sir John Houghton was Q290 Lord Macdonald of Tradeston: I would like to
clear when talking to us that even a 1)C change in try another aspect of this. Sir David, as you know,
the average surface temperature in 100 years would we are looking to get an economic assessment here.
cause all kinds of unacceptable problems. On the This committee is particularly interested in the cost-
other hand, Professor Lindzen from MIT told us benefit analysis and so on. Let us assume that the
that 1) or even 2) was nothing to worry about and cost of mitigation is very large but the damages
1 The Hadley Centre was established in 1990. might be the loss of culture, the extinction of species
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that have been made: very recently, in fact just inand so on and ultimately enormous risks, however
the latest issue of the journal Science, there issmall those risks might be. Can those ever be
published a very detailed analysis of 40 years ofweighed in the same scale as far as you are
studying ocean temperatures. In a way, this comesconcerned? Are we rather on a fool’s errand here?
back to the modelling. This is the first time thatSir David King: No, I think Lord Macdonald raises
people have taken the predictions of the modellersabsolutely the crucial point. In other words: how
on ocean temperatures, which were madeshould societies respond to the information
independent of the measurements, and have nowscientists are giving them? I think the whole
gone and taken the measurements, at ocean depthsquestion is: do we simply keep adapting to these
going right down 200 metres, and looked at thechanges? A good example of adaptation is the
temperatures as measured today and what wereThames Barrier. When the Thames Barrier was
predicted. The scientists are quite astonished at theconstructed and used for the first time in 1982, it
accuracy of the predictions. We feel that is a verywas anticipated it would be used once very three
important piece of information because as the seasyears. That was the economic balance of the
warm up, sea levels rise due to expansion of thedecision at the time, that to save London from
ocean; so it is not only ice flowing into the oceansflooding once every three years was worth the cost
that raises sea levels; it is also the expansion. We canof the Thames Barrier. As it happens, because of the
make predictions with some degree of certainty asincreased storm surges resulting from global
to what these impacts are going to be but makingwarning, we are now using the barrier an average of
an economic analysis is a very tough one.seven times a year. We have increased the usage. If

we missed raising the barrier to prevent one of those
floods, the estimated cost to London today of direct Q291 Lord Macdonald of Tradeston: We have been
damage is £30 billion and it is diYcult to estimate listening to the sceptics obviously who say there is
the indirect damage because the Underground a great deal of uncertainty, but you speak from a
would be flooded and several power stations would very powerful consensus. What I take from it is that
be flooded. It turns out that the Thames Barrier was you are virtually saying that the scientific argument
a better investment than we thought at the time. I is so overwhelming that the money has to be spent,
take that as an example of good adaptation to an irrespective of there still being some probability
unanticipated eVect of climate change. It was a good perhaps that the sceptics might be right and that you
thing to do. I have set out, through a foresight will treat them with respect. You are saying that, as
group, a flood and coastal defence management far as the rest of the scientific community is
study, which looks at the additional challenges concerned, then we have to take these actions, spend
arising from climate change over the coming 80 this money, and, if I may say so, the implication is
years. The point there was to say: we will need to almost irrespective of the consequences, because the
create more Thames Barrier projects so as to keep consequences are so unknowable?
the risks for our population at their present level. Sir David King: I think that is absolutely right but
We also made an analysis of what happens under may I amplify slightly? There is then the question:
diVerent global scenarios. One global scenario is what is the level of carbon dioxide in our
that we had no control over global carbon dioxide atmosphere that we should avoid exceeding and on
emission and the costs of adaptation on that what basis should we make a decision then? That is
scenario beyond the year 2050 become very a challenge that follows your question. The
substantial. Here is the diYcult point I think in scientists at Exeter did try to discuss this issue.
meeting your challenge. In the first 30 years, if you There is no consensus on that. You can focus this
look at the diVerent scenarios we looked at, there is down to sudden climate change eVects, which would
hardly any diVerence at all. In other words, if we be very diYcult to respond to through any
were to stop emitting carbon dioxide today around adaptation procedure. One of these events that has
the globe, the impacts of climate change will still been given a lot of publicity, particularly from the
grow over the next 30 years. This is the inertia of Pentagon, is the possibility of the thermohaline
the global system. Which has a massive heat current, often called the Gulf Stream, switching oV

capacity and it will take a long time to change. If due to dilution by ice melting. This would plunge
you take a 30-year view in your economic analysis, our temperatures in northern Europe over possibly
you would have to say it is better to adapt than to a 10-year period, that sort of scale, down by
mitigate. If you take a 100-year view and sea levels approximately 5)C perhaps. There are other very
are likely to rise then if we have unabated carbon important impacts on which the conference focused.
dioxide emissions, you would have to be talking I think perhaps the most important is the point at
about writing oV London. The scenario looks very which the ice sheet on the Greenland land mass
diVerent if you take the long-term view. May I just begins to melt irreversibly. If all the ice on

Greenland should melt, sea levels will rise by aboutadd, and this is really in answer to several points
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we could develop some cheap, non-carbon sourcesseven metres. It will take a long time but
nevertheless that is a bit too much for London. If of energy. We have had two mentioned to us in
we accept that we would rather save London, then particular, photovoltaic/hydrogen and clean coal. I
perhaps we should avoid the Greenland ice sheet wonder if you can tell us how you see the
melting. That is how the argument goes. It would possibilities in these areas and in particular what
appear from the best calculations, and I believe you think the role of public money should be when
these again emerge from our Hadley Centre and there is a great world of public good at stake here.
Met OYce, that a global average temperature Presumably we should be willing to put quite a lot
increase of 1.5) C or more would be suYcient to of public money into moving these things forward.
begin the irreversible melting of the Greenland ice To make it concrete, supposing we spent the same
sheet2. I think we would probably quickly reach a amount on photovoltaic/hydrogen as we spent on
consensus around this table that we should avoid getting a man on the moon, what is the chance of
that. producing a competitive source of energy that is as

cheap as the existing carbon ones?
Sir David King: Very good and I very much hopeQ292 Lord Sheppard of Didgemere: I would like to
you will press for this! I think it may be that theget your views on the IPCC processes. Do you think
phrase “cheap energy” is somewhat of an illusion,that the scientific inputs are properly reflected in the
but let us take the benchmark as gas turbinepolicy summaries? This is a diVerent question. What
produced electricity on the grid. If we are preparedmore should we be doing from a UK point of view
to accept that as a cheap energy form, then I doto improve the policies?
think the answer is that this is perfectly feasible,Sir David King: The United Kingdom and the
given a significant investment of funds in theUnited States have been leaders, I think it is fair to
research base to attempt to achieve that. Onsay, in the development of the Intergovernmental
photovoltaics, there is an enormous amount ofPanel on Climate Change. I also feel I should
headroom between where the current eYciency ofemphasise that the UK and the United States
converting sunlight into electricity through aprobably have the top climatologists working in the
photovoltaic cell is and where it could be. We arefield. The question I suppose I would reframe as: are
converting 7-173 per cent; that is pretty poor. Therethose scientists having a suYcient impact on the
is a massive opportunity for development there. Iwork of the Intergovernmental Panel? I think the
think that the hydrogen situation is criticallyanswer has to be: yes. I feel, as a scientist, it is a
important in terms of the transport sector anyway.very big task to set a group of people to formulate
It is diYcult to see how we can avoid oil usage anda consensus view, on all of these detailed issues, of
gasoline usage without moving towards a hydrogensomething like 2,000 scientists. It is a major
economy in the longer term. Of course, it ischallenge. I do think, from my reading of the
interesting that Iceland has now set its own countrycurrent science and the output of the
up as a test bed for the hydrogen economy. IcelandIntergovernmental Panel, that they have done a
has the advantage, but also the disadvantage, ofremarkably good job, given that they have had to
sitting on a plate boundary as it sits on a hot spot.keep everyone on board. What I would want to
The larva is not far below Iceland. If you dig a holeemphasise is that that need to drive towards a
in the ground, you get quite a large thermal gradientconsensus often leads to a kind of lowest common
and that is ideal for geothermal electricitydenominator. I am afraid that my view, from
production. They are moving over towards entirelyreading especially the current science situation, is

that the potential impacts on our civilisation are driving their country on geothermal energy. They
rather more serious, not less serious, than you are also producing hydrogen from that geothermal
would find in the synthesis report, which we are energy and transporting the hydrogen around the
referring to, of 2001. country so that they can be the economic test bed

of the hydrogen economy. I think that is a very
useful factor. My favourite, however, is fusion. ThisQ293 Lord Layard: You mentioned the diYculty of
is the process that generates energy in the sun. Thegetting international agreement on mitigation.
most advanced fusion facility is here in Britain atObviously, the situation would be much simpler if
the Joint European Torus in Culham, JET. JET has

2 If Greenland’s temperature passes a threshold of 2.7 deg C,
which equates to an average global rise of 2.0 deg C, the 3 Energy conversion eYciency is an expression of the amount of

energy produced in proportion to the amount of energyGreenland Ice Sheet will begin to melt. Were it to melt
completely, global sea levels would increase by a further 6 to consumed, or available to a device. The sun produces a lot of

energy in a wide light spectrum, but we have so far learned to7m over about 1000-3000 years. It is likely that there will be
enough greenhouse gases in the atmosphere by the middle of capture only small portions of that spectrum and convert them

to electricity using photovoltaics. So, today’s commercial PVthis century to cause the temperature in Greenland to exceed
this threshold. Around 100 million people live within 1 metre systems are about 7 per cent to 17 per cent eYcient. Some

experimental PV cells now convert nearly 40 per cent of energyof sea level; 16 out of 19 of the world’s biggest cities—with
populations over 10 million—are situated on the coast. in light to electricity.
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Sir David King: I very much welcome this questionnow produced everything it was designed for; it is
developing a plasma running at 100 million )C in because again I think it is a critically important one.
which the system is self-energised by the energy it is If I take it in two parts, one is where we have got
producing and that has been done. JT-60 in Japan to through the IPCC4 at the moment, and then your
has repeated the experiment—the Japanese have second question was: where would we like to be? We
built a similar Tokomak and repeated the now have emissions trading in Europe, Japan,
experiment. I believe that if we had man-on-the- Canada and Russia, so we have moved on to
moon funding we could, in 20 to 25 years’ time, international emissions trading of a fairly large
have fusion power stations. block globally. That means that we now have a new

commodity which is largely being traded here in
London: I believe it is quite feasible that, as weQ294 Lord Skidelsky: Could you explain that for
move forward, London will emerge as the financialthe scientifically illiterate?
centre for this new commodity trading. Needless toSir David King: I would be happy to do so. The
say, there has already been a very big reaction fromfusion process involves raising the temperature of a
the United States on that, not from Washington butgas containing hydrogen atoms, deuterium atoms
from the states themselves. A dozen states are nowand tritium atoms to a very high temperature. The
asking whether they can join emission trading. Thesun’s core temperature is around 10 million )C and
reason I feel that this is a good rather than a badat that temperature when these atoms fly into each
thing—and I seem to gather you were not sure thisother, they have a very high velocity and at those
was a good thing—is that this is precisely the fiscalvelocities the atoms fuse and make a single new
drive that will bring forward the development ofatom and that new atom is helium. Helium is non-
new technologies; in other words, by putting a priceradioactive, so the ash of this process—and that is
on not emitting carbon dioxide, did have that fiscalthe big advantage of fusion—is non-radioactive. In
driver that I believe is crucial. In other words, I doaddition to throwing out the helium atom, it throws

out a neutron as a spare. That neutron is carrying not believe that we can in all instances rely on the
away much of the excess energy of the collision and public purse for the development of these new
that keeps the process going, so the neutron keeps technologies, and I certainly believe it is the
the process catalysed and it becomes self-energising. marketplace that should determine the winner. If
If we took out one of our mobile phones, there is that marketplace now, if you like, straightens out
going to be a lithium battery in that mobile phone. the market by including emissions as a negative
The lithium from that battery plus the deuterium factor, then we ought to produce the right overall
from a bath of water would provide any one of us behaviour, and we ought to move towards those
with all of our energy requirements for our lifetime clean coal technologies and the carbon-free
with the fusion power station. That is the golden technologies for energy production. Of course, we
nugget that I feel is worth aiming for. I am very need to see that the United States, Australia, China
much hoping that shortly in Europe we will reach and India5 are included in that global trading
agreement on building the next stage towards the process. I am only mentioning individual states
fusion power station. I loved your question. wishing to come on board. I do not think that is

enough. As we move through the current year, the
Prime Minister has decided that we should call aQ295 Lord Vallance of Tummel: May I go a little
meeting of G8 plus 12 energy and environmentfurther? You, as a scientist, Sir David, I would have
ministers. This meeting will take place on 16/17thought, would be rather disappointed that perhaps
March of this year. I am delighted to say that thethe largest egg laid by the IPCC so far has been a
key ministers have agreed to attend that meetingrather elaborate emissions trading system (which

misses out the key countries of the world, the US, precisely because, as we move beyond the present
China and India) and also, even in the UK, the phase of trading, we need to engage all of those
pursuit of what must be only interim solutions for countries in the process. How we engage them is
alternative generation of power like wind power going to be a matter for very diYcult discussion and
when, at the end of the day, resources, surely should debate, but the important thing, I believe, is that
be focused on the most likely winners of carbon-free emissions trading is now a reality; we are moving
or carbon-friendly generation of power such as 4 Policy measures such as emissions trading are introduced by
nuclear fusion? If we were to move on to Kyoto countries and regional economic organisations (such as the

European Union) to help meet commitments under the Unitedmark 2, what would you as a scientist wish to come
Nations Framework Convention on Climate Change and theout of that which incentivised the R&D Kyoto Protocol to that Convention. Such policies are not the

establishment, and indeed perhaps equally responsibility of the IPCC which exists to provide assessments
of the science of climate change, not to prescribe policy actions.importantly industry and commerce, to turn its

5 Developing countries including China and India caninterests into the new technologies such as nuclear participate in the Kyoto regime via projects under the Clean
Development Mechanism.fusion in particular?
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that meets your point. However, I would also sayinto that phase and it is a reality. The current level
of pricing of carbon dioxide is insuYcient, in my that acknowledging that it is the developed

countries that have put most of the carbon dioxideview, to bring on the right behaviour but in time
that, of course, can be ratcheted up. It is rather like in our atmosphere at the moment, it is therefore

right that the developed countries need to take thecongestion charging: if it does not work at one level,
there is the possibility of increasing the level. bigger part of the burden here. We still have to look

at the fact that the most rapidly developing
economies which are now increasing their rates ofQ296 Lord Vallance of Tummel: If I may follow
emission faster than other countries are China andthat up, generally this committee, I am sure, would
India, and so there are two very good reasons, Ibe delighted to hear your faith in the market
think, for broadening the discussion to include thoseproducing the right answers. On the other hand, if
countries. In any case, at the next stage of Kyoto ityou look at the Thames Barrier, for example, it was
was always intended that those countries should benot produced by the market; it took direct
brought into the discussion.intervention to produce it. I still wonder whether an

emissions trading scheme can truly and directly bite
upon those bits of business, and indeed research and Q298 Lord Layard: I want to go back to the
development establishments, in a way that truly technology point because you were waxing lyrical
incentivises them to make steady, really significant on fusion but you did not say very much about the
progress in, for example, nuclear fusion. I do not other things. I was trying to think how the
see quite how it happens. I wonder whether there is committee could perhaps form a better
nothing else by way of a catalyst of incentives that understanding of this. Is it possible for somebody
could not be produced? to write a note which sets out what are the main
Sir David King: I would love to engage with you in possibilities in each of the diVerent technological
a discussion on just that question because it is very areas and give any kind of estimate about what kind
important. Let me first of all say this about the of cost reductions could be expected from diVerent
market to explain what I meant by my statement. I levels of expenditure?6 I think that it is really crucial
do not believe that the market will produce fusion for us to form a view as to how the thing can go
power stations from their present level of forward.
development. I think that it will require government Sir David King: The Energy Group in the DTI has
expenditure to take it to the point where the market done detailed analyses of this kind, and I am sure
will pick it up. I think, if I were to make predictions, we can let you have that. In setting out the White
in about 10 or 15 years’ time the market may well Paper 2003, it was very important that we had
be picking it up and running with it themselves. scenarios out to 2050 on which we could see a
That will depend on fiscal advantage being played reduction of carbon dioxide levels by 60 per cent,
into the market for a non-carbon dioxide-producing which is of course the aspiration of the White Paper.
energy source so as to make it competitive with the There is a whole set of scenarios developed. Of
fossil fuel sources. I think it is a combination of course, this does depend on what happens at the
saying: we need a proper fiscal process to level the R&D level and it is very diYcult to make
playing field but within that the market of course predictions. Could I just add at this point, because
ought to be left free to play so that the market I think we are in danger of losing sight of it? In an
winners come through. At the moment, the market economic sense, the most important win comes from
winner is the wind turbine, but that is because of looking at energy eYciency, the eYciency with
lack of alternatives rather than anything else. which we use energy; 50 per cent of our electricity

from the grid goes into our built environment.
Actually 50 per cent of our carbon dioxideQ297 Lord Elder: Do I take it that in talking about
emissions7 come from what we do within our builtemissions trading in this way and the G8 plus 12
environment. If we can improve building standards,you see that as a more hopeful way of involving the
both in terms of new buildings and refurbishmentcountries which have not signed up to Kyoto in a
of old buildings, we can make a very big saving,world discussion on this issue? How do you see the
both in terms of the cost of running those buildingsrelative merits of the Kyoto process and emission
and in terms of carbon dioxide production. That istrading?
the sort of win-win that I think we need to beSir David King: There is clearly an important point
pushing for very hard. So there are energy eYciencyin your question which is: if we deem it important
gains and there are some marvellous technologicalthat the United States and Australia should be

ratifying the Kyoto protocol, then what is required 6 Evidence submitted but not printed; Conclusions of the
Renewables Innovation Review, Carbon Trust, DTI,in order to get them to the table to discuss that?
February 2004.They have made it very clear that that will require 7 This includes the share of carbon dioxide emitted at power
stations used to supply electricity to buildings.bringing China and India into the discussion. I think
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Q300 Lord Skidelsky: I just want your opinion onchallenges within that area. Having computers that
this. We have been told in the course of thesewill drive the energy within a building such that you
hearings that to mitigate global warning wouldget what you want but only when you want it is
require a slow-down in the rate of economic growth.important.
From what you have been saying, it does not seem
that that is necessarily true and that one can regard

Q299 Lord Layard: I think it is really important the expenditures in mitigation as investment in more
this is thought of internationally and in the context eYcient energy use. Could you give me your view
of a huge increase in energy demand. Unless you can on that? Can we grow at the rate we have been
get the cost level below the alternative cost level, you accustomed to and thereby become wealthier and
are not really into the game. Technological relieve poverty and at the same time create a carbon-
development is at the centre of this and I think that free environment?
is what we should be focusing on. I would come Sir David King: There is the easy answer to your
back to your remark about scenarios. Can you say question and then the more diYcult one. The easy
anything sensible about what kind of levels of public answer is that since 1990 in the UK our emissions
expenditure worldwide would be involved? I do not of greenhouse gases have been reduced by
know how this could be brought about. We know approximately 14 per cent and, over that period of

time, our economy has grown by 36 per cent. Wethe Americans are spending quite a bit on it and the
have already shown that we can grow our economyEuropeans not very much, except perhaps on your
and reduce emissions. The argument is often usedfusion. How could one conceive of a serious
that that is all because we switched from coal to gas.worldwide R&D eVort that was big enough to bring
That is not right. Roughly one-third of ourthe cost levels down?
emissions of greenhouse gas reduction can beSir David King: I think we are moving towards that
attributed to the switch from coal to gas. We havescenario of understanding the importance of
already demonstrated that. I believe it is veryresearch, development, technology demonstration in
important that Britain continues to demonstrate it,the energy area but in Britain we start from a
not only from the point of view of our own wealthremarkably low point. For a very good reason, I am
creation but also as a demonstration to the Unitedsure, we privatised the energy and gas industries in
States and Australia that their concerns about theirthis country. The utilities that were formed out of
economy can be disproved by the development ofthat privatisation then took our largest energy
the British economy and our reduction in carbonresearch establishments and shut them down. As an
dioxide emission. That is quite a big challenge. Asunintended consequence of that process, we lost
we move forward, the calculations from within themost of our research base in energy. The
DTI and done for us externally indicate that, inGovernment is now trying to build that back up in
order to achieve our 60 per cent reduction in carbonthe UK. We have set up a UK Energy Research
dioxide emissions by 2050, we would integrate over

Centre and the research councils are turning the that period of tine and have a reduction of GDP of
funding around. That does not answer your 1 per cent. Over a 45-year period, it would overall
question but it simply is saying that we did not start impact with a 1 per cent reduction in GDP, which
from where we would like to have been. Let me I think means you are well into the noise. I think
examine your question and answer it in terms of the there can be real advantages in being ahead of the
investment in the fusion programme and then game in technological development. The Danes are
extrapolate from there. Over the next 10 years, very much aware of this because most of us are
building the large fusion machine that would be the buying Danish wind turbines at the moment. They
prototype for a fusion power station will cost about have become a major export commodity for the
ƒ5 billion. That is an indication of the extent of Danes, because they got into the technology first.
investment required and that figure of ƒ5 billion is Being first in with the new low carbon technologies
being shared by six partners: the European Union, is going to provide economic advantages, but it is
Russia, China, Japan, US and Korea. That just very diYcult to factor these into calculations.
gives you an indicator. I would then add that in all Chairman: Thank you, Sir David, for coming along
of these other areas, for example in photocells, you and answering our questions today. We have had a
would want to put in a multiplier of something like good session with you and we are grateful. If you
10 or 20 on top of that, and you might begin to have any further thoughts in the weeks to come,

please do not hesitate to let us have them.get close.
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Memorandum by Defra/HM Treasury

Section 1

Introduction

1. Following the recent ratification of the Kyoto Protocol, the Committee has decided to inquire on the
following topics:

— ways in which the problem of climate change has been assessed;

— the key role of the Intergovernmental Panel on Climate Change in compiling and assessing technical
information on climate change;

— the question of who bears the brunt of climate change and of the costs of controlling it.

2. The Committee has raised a series of specific questions that are addressed in the following sections of this
submission.

Section 2

How are the current estimates of the scale of climate change damage derived?

3. Estimates of the scale of climate change are derived from projections of future climate and sea-level
combined with demographic and other socio-economic data on populations and ecosystems at risk.

4. Damages may be expressed in physical units or monetised. The latter is in principle more convenient for
economic analysis, but does not capture the full range of damages. For example what are called socially
contingent eVects (such as increased risk of conflict) are generally not included, impacts on environmental
goods and services are often neglected, and coverage of large scale shifts in the climate system is incomplete or
absent. Consideration of the full range of damages for policy purposes must therefore take account of physical
assessment of the risks.

5. Of the monetized estimates, the social cost of carbon (SCC, or the marginal damage17 cost per additional
tonne of carbon emitted) is most relevant to cost benefit analysis. Most available estimates of the SCC are
based on integrated assessment models (IAMs) eg the FUND18 model described further in section 3, which
combine the scientific and economic aspects of climate change in a single analytical framework. Climate
change damage functions relate damage costs to increases in temperature, and hence SCC. These models raise
concerns about partial assessment, aggregation of costs and benefits, and over-simplification. Nevertheless
they represent the most self consistent basis available for estimating the SCC. Defra is currently reviewing UK
advice on the SCC (currently £70 per tonne of carbon emitted with a range £35 to £140) and aims to publish
revised estimates later this year. Further details concerning Government-sponsored research into the social
cost of carbon are provided in Annex 1.

6. The Intergovernmental Panel on Climate Change (IPCC) assesses the extensive scientific information
available on physical damages, most recently summarised in the Third Assessment Report (TAR). IPCC’s
Fourth Assessment Report, to be published in 2007, will contain much more comprehensive assessment of
impacts.

7. There are interim assessments, importantly that provided by the recent Symposium on Avoiding
Dangerous Climate Change19, organised by Defra in Exeter at the Hadley Centre from February 1 to 3 2005.
The Exeter Symposium indicated that the sensitivity of the climate system to increased greenhouse gas
concentrations is likely to be greater than quoted in the TAR, and that the risks of climate change are in many
cases more serious than previously thought. There are likely to be tipping points that we should strive to avoid,
such as those associated with melting of ice-sheets in the Antarctic and Greenland, stability of the North
Atlantic thermohaline circulation and reversal of the terrestrial land sink. Ocean acidification is newly
recognised as a disturbing impact, likely to result in extensive changes to marine ecosystems. The
technological options for reducing emissions over the long term already exist and significant reductions can
be obtained using a portfolio of options at a cost less than previously thought.
17 A measure of the flow of net costs of climate change impacts and autonomous adaptation.
18 The climate Framework for Uncertainty, Negotiation and Distribution (FUND).
19 Report of the Steering Committee, International Symposium of the Stabilisation of Greenhouse Gases, Hadley Centre, Met OYce,

Exeter, 1-3 Feb 2005 available at www.stabilisation2005.com
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Section 3

How far do the estimates of damage depend on assumptions about future global economic growth, and how valid are those
growth assumptions?

8. Growth itself is not the issue; damage estimates depend on the profile of emissions over time and hence on
the combination of economic activity, energy intensity per unit of output and carbon per unit of energy.

9. We are aware that the economic growth assumptions underlying the IPCC Special Report on Emission
Scenarios (SRES) (see Annex 2 for details) have been criticised by the Australian statistician Ian Castles and
UK economist David Henderson. The IPCC has responded to Castles and Henderson in the literature,
although the issue is not completely resolved. But the case for action is not hostage to the Castles and
Henderson critique. It absolutely clear that carbon dioxide (CO2) emissions are rising and other bodies, such
as the International Energy Agency expect that this will continue in the absence of eVective action to reduce
emissions.

10. Integrated assessment models that have been used by Defra consultants to produce estimates of the
marginal damage costs of carbon emissions (ie, the social cost of carbon) are also calibrated on the basis of
relatively low-growth scenarios. In particular, FUND’s base scenarios of demographic and economic change
are derived from the Energy Modelling Forum (EMF) standardised scenario, though as an alternative the
SRES marker scenarios A1, A2, B1 and B2 are all available. The PAGE20 model assumes an A2 baseline
scenario.

Section 4

How does uncertainty about the scale of the problem and its impact affect the economics of climate change?

11. UK policy is based on the assessment that the worst impacts of climate change can be avoided if the
temperature increase can be kept below 2)C. Recent evidence suggests that the sensitivity of the climate to
increased greenhouse concentrations may be significantly, perhaps much, greater than we thought. This aVects
the balance of abatement costs and avoided damages. This implies the economic analysis associated with
targets needs to be kept under review as the science develops.

12. The literature on costs of mitigation tends to show that the economy-wide costs of mitigation need not be
prohibitive, provided the economy is allowed suYcient time to adjust. Assessment by the IPCC and analysis
by the UK Government for the Energy White Paper both suggest that the costs of putting us on a path to
stabilisation compatible with limiting eventual temperature rise to 2)C and CO2 concentrations around 500
parts per million (ppm) need not be large—of the order 0.5 to 2 per cent GDP over 50 years—a delay of a few
months in reaching a particular level of GDP (or a reduction of 0.01 to 0.02 percentage points in the growth
rate compared with the long run rate of 2.25 per cent).

13. Annex 3 provides further details about the costs of mitigation action on climate change, modelling
approaches and hedging strategies in dealing with climate change. Annex 4 provides background information
about deterministic models of climate change, impact assessments and costs, and the uncertainties linked to
calculating estimates of climate change damage.

14. The Government believes that appropriate action should be taken to avoid the worst eVects of climate
change by aiming at stabilising the atmospheric concentrations of CO2. The Energy White Paper (EWP),
published in February 2003, accepted the recommendation of the Royal Commission on Environmental
Pollution that the UK should put itself on a path to a 60 per cent reduction in greenhouse gas emissions from
current levels by 2050, with real progress by 2020. This is consistent with stabilisation of CO2-equivalent
atmospheric concentrations at 550 ppm, or an increase in global mean temperature of 2 to 3)C, provided
assumptions about developing country emissions and carbon cycle feedback are met. The EWP also stressed
that unless early action is taken, more dramatic and more disruptive change will be needed later on. Together,
the long-term stabilisation target and the pre existing Kyoto commitment and domestic target (a 20 per cent
reduction of CO2 emissions by 2010) define a policy trajectory for UK climate policy.
20 Probabilistic Assessment—General Equilibrium (PAGE).
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Section 5

What has been the approach within the IPCC to the economic aspects of climate change, and how satisfactory has it
been?

15. The IPCC assesses the science of climate change, climate change impacts, ways to estimate and mitigate
emissions, associated costs and benefits. The IPCC also produces emissions scenarios, which project
greenhouse gas emissions from world regions over the next century and are used to help estimate future climate
change. Economic analysis is therefore key to several of IPCC’s activities.

16. Economists who contributed to the IPCC Second Assessment Report (SAR) and Third Assessment
Report (TAR) include Nobel Prize winners Prof J Stiglitz and Prof K J Arrow. Other authoritative economists
included Dr W R Cline, Prof David W Pearce (UCL), Dr S Fankhauser, Prof J C Hourcade, Prof John Weyant
(Standford), Dr Terry Barker (Cambridge), Dr Alan Krupnick (Resources for the Future), Prof Carlo Carraro
(University of Venice), Prof Richard Tol (Hamburg University) and many others.

17. It is fair to say that economist involvement in IPCC work has occasionally given rise to some controversy.
For instance, at the time of the SAR the authors of the chapter on social costs in the IPCC Working Group
III (WGIII) report were at the centre of a debate on the role of global aggregate estimates of the costs of climate
change. In particular, the controversy focused on the procedures that should be adopted when comparing and
aggregating monetized estimates of damages across diVerent regions of the world, and on the opportunity of
adopting “equity weighting” procedures to account for diVering income levels across these regions (see section
8 below for our views on this issue). The SAR experience shows the importance and the sensitivity of economic
valuation when it involves attempts to produce aggregate estimates of damage costs, which involve trading
oV welfare eVects among winners and losers.

18. More recently, there has been a debate on the SRES emission scenarios initiated by Ian Castles and David
Henderson. The Castles and Henderson argument has three main elements: that the use of market exchange
rates (MEX) instead of purchasing power parity (PPP) overestimates the gap in income between the developed
and developing world; that to subsequently model convergence in incomes per capita based on such a gap is
to assume unrealistically high rates of economic growth; and that to base estimates of future emissions on such
rates of GDP growth would inevitably lead to pessimistic scenarios in terms of emissions of greenhouse gases
(GHGs).

19. Fifteen IPCC scenarios authors have replied arguing that Castles and Henderson’s reconstruction of their
methodology is factually incorrect. In particular they say that:

— A number of models on which the SRES scenarios are based did make use of both MEX and PPP
GDP growth rates. However, the authors decided not to include both measures throughout the
course of the report so as not to generate confusion about growth rates and other scenario indicators
that include GDP.

— PPP is a better measure for purposes of static comparisons of economic welfare (income and
consumption) across diVerent world regions and countries, but it is not a better measure for
developing long-term GDP growth scenarios, as this would be inconsistent with the majority of the
current literature and modelling techniques.

— Economic growth rate assumptions were carefully chosen in line with historic data. So that no
mechanistic “gap closure” approach was followed, though in some scenarios a high degree of
convergence in incomes was modelled as part of the possible futures.

— PPP was indeed taken into account in the various models that were used, and one of the participating
models used both.

20. Castles and Henderson have replied that in their view:

— The distinction the IPCC make between GDP growth and static welfare in relation to the use of PPP
is not warranted. Cross country comparisons of economic variables should always separate out
“price” eVects from “quantity/output” or “real” eVects. Measurements of growth are interested in
measures of quantity and this is not captured by valuation based on MEX.

— Developments in the literature over the last decade are said to make use of PPP as opposed to MEX.

— While some models that were used as basis for IPCC scenarios did make use of both MEX and PPP-
based growth rates, the concept of PPP which the modellers adopted is, they think, not economically
valid—given the resulting GDP growth rates for the four world regions presented in SRES are not
credible.
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— The convergence scenarios modelled by the IPCC reflect normative judgement about “what is
equitable and fair” (ie, a rapid closing of the gap in income per capita between industrialised
countries and developing countries) rather than an objective projection.

21. Taking PPP-based estimates of income per head in developed and developing countries from Maddison
(2001)21 and assuming convergence between income levels per head over the time frame 2000–2100, Castles
and Henderson suggest that the “. . . prima facie eVect of taking a PPP based gap as a point of departure at
the beginning of this century is to reduce prospective world GDP in 2100 in this scenario by over one quarter”.
(MEX estimates predict world GDP in 2100 to be 12.3 times that in 2000, whilst the equivalent PPP figure is
9-fold). For more background information about the debate between Castles and Henderson and the IPCC
authors see the 4 papers referenced in the single footnote below22.

22. The OECD has also recently looked at the issue of whether PPP or MEX represents a better basis for long-
term projections at a recent workshop on the definition of baselines for long-term modelling, and concluded
that PPP-based measures of growth should be preferred. But the issue is still debated among modellers. One
of the reasons is that while PPP-based measures have to be estimated on the basis of some bundle of goods,
MEX provides much more historical data for comparison and for estimation of structural economic
relationships. Hence organisations such as the World Bank and the US Energy Information Administration
use MEX-calibrated models for their projections.

23. While it is clearly important that the issues raised by Castles and Henderson in their critique of the SRES
scenarios are fully addressed by the modelers community, from a policy perspective (and in relation to the use
of SRES scenarios as a basis for impact assessment in the IPCC Fourth Assessment Report—AR4) the key
question is whether ultimately there is potential bias introduced by using MEX as a measure of the initial
income gap in convergence scenarios which makes a material diVerence to our understanding of the climate
change problem. A first issue is the extent to which the use of MEX as opposed to PPP aVects emissions. A
second issue is the relevance on any potential bias on emissions in the wider context of uncertainty in deriving
climate change scenarios, bearing in mind that in the SRES scenarios the high-growth scenarios (including
those that postulate convergence) do not automatically tend to lead either to the highest emissions projections
or to the most severe climate changes. Annex 5 provides further details about empirical studies in the literature
that have looked at the implications of the Henderson and Castle critique.

24. Overall our view is that Castles and Henderson have not provided a conclusive criticism of the IPCC’s
projections. We anticipate that the IPCC’s Fourth Assessment Report will take account of the methodological
arguments of Castles and Henderson and others. IPCC Working Group III (Mitigation of Climate Change)
is fully engaged with the debate on exchange rates and projections of economic growth. One example is the
recent expert workshop (Washington, 12–14 January 2005) which examined the role of SRES scenarios in the
AR4. The issues raised by Castles and Henderson were explicitly addressed by several speakers. We
understand that IPCC authors will continue paying due attention to these issues during the AR4 writing and
review, and that the bases for long-term growth projections will be further explored.

Section 6

Is there sufficient collaboration between scientific and economic research?

25. There is a very high degree of co-operation and collaboration between the scientific and economic
communities both within Defra, across UK government as a whole and within the IPCC.

26. As previously mentioned, Defra economists are currently co-ordinating work to produce revised estimates
of the social cost of carbon. This work involves climate scientists, experts and economists from Defra, DTI,
DfT, HMT, DfID, OfGEM and the devolved administrations.

27. As part of the UK Climate Impacts Programme, a new method23 to help organisations work out the cost
of climate change impacts and adaptation has been developed, in collaboration between climate scientists and
economists. This project also involved training workshops run jointly by economists and climate experts.
21 Maddison, A (2001), “The World Economy: A Millennial Perspective”, OECD Development Centre, Paris.
22 Castles, I and D. Henderson (2003a), “The IPCC Emission Scenarios: An Economic-Statistical Critique”, Energy and Environment, 14

(2-3), 159-185.
Ian Castles and David Henderson “Economics, Emissions Scenarios, and the Work of the IPCC,” Energy and Environment, vol 14, no
4, 2003, pp 415–435.
Arnulf Grobler, et al. “Emissions Scenarios: A Final Response,” Energy and Environment, vol 15, No 1, 2004, pp 11–24.
Nebojsa Nakicenovic et al. “IPCC SRES Revisited: a Response,” Energy and Environment, vol 14, No 2 & 3, 2003, pp 187–214.

23 “Costing the impacts of climate change in the UK”, Metroeconomica, 2004, a suite of reports available from http://www.ukcip.org.uk
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Defra is also funding an ongoing project to quantify the cost of climate impacts and adaptation over a number
of time scales in the UK—this will work from quantification of costs in key sectors up to an aggregated
estimate at regional and national level, and it involves economists working closely with scientific and
sectoral experts.

28. Two areas where more collaborative work is needed are in accounting for the costs and benefits of diVerent
adaptation options, and in reconciling the discrepancies between “top-down” and “bottom-up” approaches
to estimating economic impacts of climate change.

29. The IPCC has three Working Groups. Working Group I assesses the science of climate change, Working
Group II the vulnerability of socio-economic and natural systems to climate change and options for
adaptation to it. Working Group III deals with options for mitigating emissions and with emissions scenarios.
There is also a Task Force dealing with methodologies to prepare greenhouse gas emission inventories.

30. Linked economic, statistical and technical expertise is found very widely in Working Groups II and III
which account for 325 out of the 450 or so lead authors. About 18 UK lead authors contributed to Working
Groups II and III.

Section 7

Could IPCC member governments, and the UK in particular, do more in future to contribute to the robustness of the
economic analysis?

31. The Government strongly supports the work of the IPCC in all areas (including economic analysis) and
looks forward to doing so in future. We believe that it is in everybody is interest that the IPCC work is
informed by high quality economic expertise, so that despite the uncertainties inevitable in economic and
statistical work it can keep representing the better basis for international negotiations and policy development.

32. The Government has commissioned or supported important research projects on the economics of climate
change relevant to the IPCC Fourth Assessment Report. This has involved work on the costs of transition to
a low carbon economy and support to the Cambridge-led Innovation Modelling Comparison Project, which
is looking at the impacts of induced technological progress on the costs of climate stabilisation. It has also
involved work on the costs of inaction, including the current review of the social cost of carbon but also in-
kind support to the OECD research project on the benefits of climate policy.

33. In relation to the debate on the SRES emission scenarios, we also believe that informed debate is essential
and that it was useful for Ian Castles and David Henderson to raise these issues. When the debate first emerged
we provided the IPCC with funds so that David Henderson could attend a meeting to discuss the issues with
IPCC modellers. We are pleased to see that the IPCC is devoting considerable eVort to address the criticism
to its long-term growth forecasts and more generally to keep abreast of the evolving literature on emissions
scenarios. A workshop open to experts as well as Government representatives is planned for June 2005 to
discuss the approach to the next round of IPCC scenarios. Defra economists as well as scientists may attend.

34. The UK is also keen to support an Australian proposal for an OECD workshop on long-term growth
projections. This event, which is being discussed by the OECD Economic Policy Committee, may represent a
further opportunity to promote the debate on the complex, technical issues involved by building economic and
emission scenarios over a time horizon of one century or more.

Section 8

In monetary terms, the impact of change and the costs of control may be greater in rich countries than poor ones. But
is this an adequate measure?

35. Monetary estimates reflect the underlying uncertainties on climate change impacts but are also sensitive
to assumptions about discount rates and weighting and aggregation of costs and benefits accruing to diVerent
regions of the world. Calculations of this type are complex and politically sensitive. In particular, in
aggregating monetary estimates of climate change damages across countries and regions with very diVerent
levels of income per capita there is an issue of how to properly reflect welfare eVects in the poorest countries.

36. Within a utilitarian framework this problem can be addressed by explicitly “equity weighting” monetary
impacts in diVerent countries according to the ratio between local incomes per capita and a reference level of
income per capita (eg average global income). Intuitively, equity weighting reflects the fact that the one pound
to the poor is worth more in welfare terms than one pound to the rich. Several economists would agree that
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there is a conceptual link between consumption discounting (ie, adjusting for the fact that monetary costs
count less in utility terms for the richer individuals of tomorrow) and equity weighting (ie, adjusting for the
fact that monetary costs count more in utility terms for the poor of the current generation). Applying both
adjustments is therefore conceptually consistent.

37. Equity weighting using incomes cannot capture all elements of inequality and there are non-monetary
indicators each with their own advantages and disadvantages. However, income variables in equity weights
are theoretically objective, an aggregation of many useful indicators and expressed in a useful unit (£). Whilst
not perfect, monetary measures can be improved by equity weighting to make an adequate measure of the
value of costs and benefits in diVerent countries.

38. Interestingly the latest version of the UK Treasury guidance to economic appraisal and evaluation, also
known as the Green Book (HM Treasury, 2003)24 introduced distributional weights as a tool for assessing the
distributional implications of Government projects and policies. The application of equity weighting to derive
social cost of carbon estimates is an international application of the distributional weights approach.

39. As far as the costs of control are concerned, these are currently being predominantly met by developed
countries that have signed up to binding targets under Kyoto. Developing countries, under the Convention
principle of “common but diVerentiated responsibilities”, do not have binding targets under Kyoto. The UK
agrees with the principle that developed countries must take the lead in reducing emissions, given that
historically they are the highest emitters. It is important for the UK to demonstrate through meeting its Kyoto
targets that action to reduce emissions is possible, without great economic cost. Ultimately since the UK only
contributes about 2 per cent to global emissions we need to encourage more countries to take proportionate
action and this is focus of negotiations now that the Kyoto Protocol is about to enter into force.

Section 9

What would be the relative costs and benefits of using resources, otherwise expected to be allocated to climate change
control, instead to expand international development assistance?

40. Undertaking a full cost benefit analysis is problematic. Any evaluation of costs and benefits would be very
dependent on the underlying assumptions and prone to large uncertainties (given the long time period over
which the two issues need to be compared). Another problem is the uncertainty in determining the exact
impact (and for some policies cost) of current international development and climate change policies. The
international development policies have been introduced over a longer time period so evaluating performance
is easier. However, climate change policies have evolved rapidly making it diYcult at this stage to robustly
estimate all the costs and benefits.

41. The Copenhagen Consensus has suggested that there could be a greater welfare gain from spending on
development issues (such as HIV/AIDS). However it failed to reflect some of the most serious risks of climate
change, including disruption in the climate system and potential regional conflict (eg arising from water
shortages). Furthermore the international carbon tax scenarios that were assessed by the Copenhagen
Consensus panel are somewhat extreme and the perception that the other scenario, the Kyoto Protocol, will
cause a significant economic cost is misplaced. The Intergovernmental Panel on Climate Change concluded
that the cost of implementing Kyoto in 2010 for Annex I countries was in the range 0.2 to 2 per cent of GDP
without the use of emissions trading and 0.1 to 1.1 per cent of GDP with trading between developed countries.

42. What is clear is that the cost of switching resources away from climate change mitigation is potentially
very high. Whilst there is insuYcient evidence for full cost benefit analysis of diVerent resource allocations,
there is a growing body of evidence on the links between the climate change and development agendas. One
impact of climate change is the exacerbation of existing climate variability, such as those associated with
droughts, floods and extreme events, and some new threats such as sea level rise. There is evidence that the
developing world may bear the brunt of climate change. The size of Africa’s land mass means that, in the
middle of the continent, overall rises in temperature will be up to twice the global rise. Africa may lose more
than 4 per cent of GDP with just a 1 degree Celsius temperature rise (IPCC 3rd Assessment). The largest
increases in precipitation are expected in South East Asia and equatorial regions.

43. Already 73 per cent of the world’s disasters are related to drought/famine, floods and windstorms. In 2004
the World Bank estimated annual costs of the world’s natural disasters as $55 billion, with a high percentage
of these losses in infrastructure. Unsurprisingly property losses are highest in richer countries because of the
24 HMT Green Book Appraisal and Evaluation in Central Government available at: http://www.hm-treasury.gov.uk/

economic–data–and–tools/greenbook/data–greenbook–index.cfm
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higher monetary value of physical assets lost. But, at current levels of climate variability, poorer countries
suVer far higher losses as a proportion of GDP, with a corresponding greater drain on their potential for
development. The lower capacity of poorer countries to reduce the risk of disaster impacts further exaggerates
their climate change impact.

44. Bangladesh experienced eight major floods between 1974 and 2004. Many of these floods are considered
by hydrologists to be one in 20 year events. The 1998 flood aVected more than 30 million people and caused
economic losses of more than US $3 billion, equivalent to 8 per cent of the country’s GDP.

45. Humanitarian responses to disaster impacts now cost donors an annual US $6 billion or 7 per cent of
oYcial development assistance. In many cases this funding is reallocated from on-going development
activities, for example in human development. According to UNEP, climate change is expected to be a major
contributing factor to a projected doubling of water scarcity in Africa by 2025. The UN High Level Panel on
Global Security recognises that “poverty, infectious disease, environmental degradation and war feed one
another in a deadly cycle”, and that climate change could exacerbate the occurrence of vector borne diseases
such as malaria and lead to higher levels of food and water insecurity. Where the costs of adapting to the
impact of climate change are high it could exacerbate global problems such as regional insecurity and
population displacements.

46. It is also important to consider that climate change resource cost and international development assistance
are not mutually exclusive. Some climate change policies can also facilitate cleaner development such as the
flexibility mechanisms in the Kyoto protocol (the clean development mechanism) and other policies to
encourage sustainable development (eg by encouraging technology transfer). Similarly considering
environmental issues when allocating resources to international development assistance can make significant
environmental gains at minimal cost.

47. The close linkages, highlighted above, mean that it would be wrong to focus on development in isolation
and that expanded international development assistance could be significantly undermined by failing to act
on climate change. International development assistance and climate change will be key issues in the
forthcoming UK G8 presidency. One of our key aims on climate change for the presidency is to develop a
better international understanding of the developmental and economic consequences of climate change. To
this end, Hilary Benn and Margaret Beckett will co-host a meeting of Environment and Development
Ministers. The meeting will focus on measures to help developing countries combat the growing problem of
illegal logging and will consider the impact of climate change on Africa. The two issues illustrate the close links
between the development and environment agendas.

Section 10

When are damages likely to occur and how satisfactory is the economic approach to dealing with costs and benefits that
are distant in time?

48. We may already be witnessing the eVects of climate change. For instance recent research25 from the Hadley
Centre indicated that heatwaves comparable to the one that hit Europe in summer 2003 are now four times
more likely as a result of human influence on climate. This heatwave caused more than 30,000 early deaths
and had an estimated direct cost of $13.5 billion. However the pattern of damage costs from climate change
is likely to change over time. In the short term some sectors and countries can experience beneficial as well as
detrimental impacts from climate change. For instance, agriculture can benefit from higher carbon dioxide
concentrations and longer growing seasons and reduced costs of heating are likely to be widespread. However,
there is no research that for any sector, suggests positive impacts from climate change as temperatures increase
beyond certain levels,26 and unless eVective action is taken the worst impacts from climate change will
dominate increasingly. These impacts are further outlined in Annex 4.

49. Discounting is the standard technique which is used by economists to compare costs and benefits that
occur in diVerent time periods. It is based on the principle that, generally, people prefer to receive goods and
services now rather than later. As far as public choices are concerned, the approach to discounting which is
recommended by the HM Treasury Green Book is based on the “social time preference rate” (STPR). This is
the rate at which society values the present compared to the future. It incorporates an element of pure time
preference as well as a component related to the fact that consumption per capita is likely to increase over time
25 Stott et al, “Human contribution to the European heatwave of 2003” Nature 432, 610–614, December 2004.
26 In a recent comprehensive review of climate change impacts, Smith and Hitz (Estimating global impacts from climate change in The

Benefits of Climate Change Policies, Analytical and Framework Issues, OECD 2004) observed that a consistent pattern of marginal
adverse impacts emerges across all sectors for which data were available beyond a 3–4)C increase in global mean temperature.
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with economic growth, and if one assumes decreasing marginal utility of consumption the same change in
consumption is valued diVerently at diVerent points in time. The UK Treasury Green Book discounting
scheme27 starts with a discount rate of 3.5 per cent for the first 30 years, then 3 per cent for 45 years, and then
a declining rate to 1 per cent. This is in line with some recent and increasingly accepted empirical literature
which has shown how for a series of factors (including uncertainty on long-term economic growth) decreasing
discount rate schedules may be more appropriate for policy analysis.

50. The STRP approach recommended by the Green Book commands broad support among UK economists,
though some analysts hold diVerent views. Some analysts argue that discount rate used for public policy
assessment (including climate) should reflect observed real rates of return on long-term investments, with some
adjustment for risk. According to this perspective, such returns represent the opportunity costs of investing
resources to reduce damages from climate change, as well as the opportunity costs of compensating future
generations for damages they may experience. By contrast, other analysts argue that when dealing with
problems like climate change that have an essentially inter-generational nature the valuation of future costs
and benefits should be viewed primarily as an ethical decision rather than as a traditional investment decision.
In this perspective for instance the pure time preference element of discounting would not be a legitimate
correction (“impatience” should not aVect public decisions). On balance, it is probably safe to conclude that
it is diYcult to disentangle technical and ethical issues when considering the best way of aggregating costs and
benefits across diVerent generations.

Section 11

What other associated benefits might there be from reducing greenhouse gas emissions?

51. Emissions reduction can often be cost eVective and ancillary benefits of mitigation policies (eg,
improvement in local air quality) also oVset the costs of action. Ancillary benefits are typically experienced
now on a local or regional scale.

52. The IPCC Third Assessment Report (2001) estimates that globally ancillary benefits may be 30 per cent
to over 100 per cent of abatement costs. Typically, improvement to public health and the knock-on eVect to
health services resulting from reductions in air pollutants account for approximately 80 per cent of the
estimated total value of ancillary benefits of greenhouse gas mitigation in the USA and developed countries.
In addition, there are likely to be ancillary benefits to ecological systems, agriculture and crops, building and
materials, and visibility.

53. The co-benefits from policies to reduce greenhouse gas emissions will greatly depend on what policies are
used. Opportunities for realising co-benefits, along with key areas of alignment and areas of interest for
enhanced international co-operation, will be the focus of an Energy and Environment Ministerial Roundtable
next month. Expert speakers will join ministers from 20 countries to discuss issues such as energy security,
exploiting energy eYciency and the scope for coordinating investment in new energy technologies and systems
to maximise potential synergies and benefits.

54. Examples from participating countries help to underline the range of co-benefits that can be derived from
well designed policies which help to reduce greenhouse gas emissions. The Brazilian biofuels28 programme and
the Japanese Top Runner29 programme provide examples of policies that have successfully yielded co-benefits.

February 2005

Annex 1

Government-sponsored Research on the Social Cost of Carbon

In early 2002 the UK Government Economic Service (GES) presented a review of the available literature on
the social cost of carbon (SCC). Based on this literature, it suggested a value of £70/tC (within a range of £35
to £140/tC) as an illustrative estimate for the global damage cost of carbon emissions, for use in policy
appraisal across Government. The GES paper also recommended that these estimates should be increased
27 Until relatively recently (prior to the publication of the Green Book 2003), the Government discount rate was 6 per cent per annum,

but this reflected “bundling” of factors other than social time preference, such as risk and optimism bias. These now have to be addressed
separately under the current guidance.

28 Details of this scheme can be found at: http://unfccc.int/files/meetings/cop–10/in–session–workshops/mitigation/application/pdf/
041209szwarc-usebiofuels–in–brazil.pdf

29 Details of the scheme can be found at: http://www.eccj.or.jp/top–runner/index.html
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over time in real terms by £1/tC per year. Finally, the GES paper recommended periodic reviews of these
illustrative estimates.

Some recent research in this area has suggested lower estimates than recommended above. However, there has
also been growing concern over the major potential impacts not included in the underlying modelling studies,
not least abrupt climate changes and large-scale socio-economic eVects in vulnerable regions or countries. By
2003 it had therefore become clear that a process of review was due.

In this context, Defra organised an International Seminar on the Social Costs of Carbon (SCC) on the 7 July
2003 to provide an opportunity for leading environmental economists, modellers and analysts to contribute
to the evolving debate on the monetary valuation of the damage costs of carbon dioxide emissions and its
application to policy assessment.

Following on from the seminar, a Defra-chaired Inter-departmental Group on the social cost of carbon
(IGSCC) was set up in October 2003 to take forward the review of the social cost of carbon (SCC) following
the international seminar of July 2003. In January 2004 the group commissioned two research projects aimed
at improving the available SCC estimates, and to explore how they could be applied to policy assessment.

The first project, “A closer look at the models, the estimates and the uncertainty”, was led by the Oxford OYce
of the Stockholm Environment Institute, in collaboration with an international group of experts. It undertook
a survey of experts and new modelling to revisit estimates of the SCC, ie to review the central value and the
range. The analytical framework for the project was built around a risk assessment that brings together
elements of uncertainty in climate change and its impacts with uncertainties in economic valuation.

The second project “Methodological Approaches for Using SCC Estimates in Policy Assessment”, was led by
AEA Technology Environment. The aim of this policy-oriented project was to inform Government on how
best to incorporate SCC values in (current) relevant decision making contexts, given the uncertainty which
will continue to surround monetisation of global climate change.

Both projects have confirmed the major uncertainties involved by attempts to produce SCC estimates.
Available studies have been compared by the consultants against a risk matrix, in relation to the uncertainty
of climate change impacts and uncertainty in valuation. When the literature studies are mapped against this
matrix, we have found very few studies cover any non-market damages, or the risk of potential extreme
weather (floods, storms, etc). Moreover, none cover socially contingent eVects, or the potential for longer-term
eVects and catastrophic events. This leads to the conclusion that the uncertainty in SCC estimates concerns
both the “true” value of impacts covered by the models and also the uncertainty from impacts that cannot yet
be quantified and valued. Perhaps more importantly, it indicates that the estimates in the literature are almost
certainly a sub-total of the full SCC.

The results from these research projects (currently in the process of being peer-reviewed) will be used to reflect
upon and make recommendations on how the climate change externality could best be incorporated in policy
decision-making and assessment.

Annex 2

IPCC Scenarios

The IPCC Special Report on Emissions Scenarios (or SRES scenarios) describes four storylines (given the
names “A1”, “B1”, “A2” and “B2”) which represent possible ways in which the world will develop throughout
the 21st century. Depending on the way in which global society develops over the next century, each storyline
projects certain changes in population and social, economic, and technological development. These changes
are then translated into diVerent levels of future greenhouse gases and aerosols, and associated changes in the
Earth’s climate and sea level within the world’s oceans. The SRES scenarios are not predictions of the future
state of the world, but instead provide an idea of the way in which the world could develop in the future.

The Four Scenarios can be Summarised as Follows

A1 describes a future world of very rapid economic growth, a global population that peaks in the mid 21st
century and then declines, and the rapid introduction of new and more eYcient technologies.

B1 describes a future world similar to that within A1, but assumes a rapid transition towards a cleaner (less
carbon-dependent) economy, based on services and information.
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A2 describes a future world where population continues to increase, and with an emphasis on self-reliance and
preservation of local identities. Per-capita economic growth and technological change are slower and more
fragmented than the other storylines.

B2 describes a future world that emphasises local solutions to sustainability, with a slow steady growth in
population, with medium economic development and less rapid and more diverse technological change than
in the B1 and A1 storylines.

None of these scenarios explicitly assumes that the Climate Change Convention is implemented or that
policies are adopted to achieve the Kyoto Protocol’s emissions targets. Nevertheless, they do include scenarios
which involve lower dependence on fossil fuels than at present.

A summary of this report for policy makers is available on the web at:

www.ipcc.ch/pub/sres-e.pdf

Annex 3

Costs of Mitigation

Economic analyses tend to produce diVering estimates on the economic implications of policies aimed at
greenhouse gas (GHG) mitigation. The main reasons appear to relate to diVerences in underlying modelling
approaches, in specific assumptions being adopted and in policy scenarios being simulated.

There are broadly three types of modelling approach that have been used to consider the costs of emission
reductions. They are:

(i) Macroeconomic. These models are generally very country specific. They may allow for supply and
demand to be out of balance (for markets not to clear). Hence, they are probably best suited to the
consideration of the dynamics of transition towards lower carbon futures and for applications in the
short to medium term. Results, in terms of GDP response, show considerable variation across
models—they can be very model-dependent, according to the particular assumptions employed.

(ii) General equilibrium. These models assume that markets clear (ie that demand always equals supply).
They cannot address transitional costs, but are better suited to long run estimates, on the basis that
in the long-run resources are re-deployed and the economy reverts towards long-run trends.

(iii) Bottom-up. These models will tend to represent technology and energy eYciency from a detailed set
of choices. The model will choose the technologies to deploy depending, in particular, on their costs
and the costs of energy inputs. Depending on the particular model it may be possible to constrain
the choices in some way. But in general, like general equilibrium models, this type of approach is
better suited to consideration of long-run impacts than transitional costs. The MARKAL model we
have used is one version of a bottom-up model.

It is generally considered that models of types (i) and (ii), may overestimate costs. They start from a position
that deployment of resources in the base case is optimal. Such an approach is criticised for underestimating
the potential for low cost eYciency improvement and ignoring gains that may be tapped by non-price policy
change. Worst case results come from models using macro-economic models, with lump sum recycling of
revenues, no emission trading and no non-carbon backstop technology.

Bottom up models of type (iii), on the other hand, assume that there is a lot of low or nil cost technology or
energy eYciency potential. Estimates from such models can be criticised for under-estimating costs on the
basis that they ignore various hidden costs, transaction costs or other constraints that in practice limit the take-
up of what are, otherwise, cost-eVective technologies.

In terms of specific assumptions and policy scenarios, there are several factors that help explain diVerences in
cost estimates, including:

— Choice of baseline emission scenarios;

— DiVerent estimates/assumptions on the elasticity of substitution between diVerent fuels and
technologies;

— Scope for international permit trading; which help drive down costs by allowing firms to reduce
emissions in the most eYcient way;30

30 The EU ETS is a tangible illustration of using such flexible mechanisms in order to allow firms to meet their emission reduction
commitments in the most cost eVective and eYcient way.
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— If/how revenues from carbon taxes are used to reduce distortionary taxes elsewhere in the economic
system, for example, reducing social security payments or if the revenues are used to provide
consumers with lump-sum repayments;

— The time horizon over which mitigation targets may be achieved;

— The possibility of win-win policies and low cost outcomes through increased energy eYciency
uptake;

— The role of further ancillary benefits (for example, improvements in air quality and subsequent
reduction in health related illnesses).

In spite of these drivers of variation, we have a relatively good idea of at least the order of magnitude of
economy-wide costs of mitigation action. Both IPCC’s assessment and analysis by the UK Government for
the Energy White Paper suggest that the deep cuts needed to put us on a path to stabilisation compatible with
limiting eventual temperature rise to 2)C at around 500 ppm need not be large—of the order 0.5 to 2 per cent
GDP over 50 years—a delay of a few months in reaching a particular level of GDP.

It should be clarified that although economy-wide costs are unlikely to be prohibitive this does not mean that
reducing emissions is going to be easy: industry will face great engineering challenges as a wide range of
technologies (from renewables, to energy conservation, carbon capture and storage, hydrogen production and
decentralised energy networks) need to be developed further.

Keeping the cost manageable depends on the steady introduction of measures, starting from now, which is
why the UK has a long-term policy. If we tried to get say 60 per cent cuts in CO2 over a few years rather than
the period to 2050, costs would become much larger. Also, the risk if no early action is taken is one of “lock-
in” into an energy system that is highly reliant on fossil fuels, which would make the transition to a low carbon
economy at a later stage (when the most worrying climate change scenarios may well have been confirmed)
extremely expensive or even impossible.

A further caveat is that manageable economy-wide costs can disguise higher costs for some sectors of the
economy—energy intensive industries for example. Careful policy design ensures that the costs of taking
action are fairly distributed across the economy, taking account of what particular sectors can achieve, given
the technologies available. UK policy seeks to achieve this, eg by flexible mechanisms such as emissions
trading.

Finally, an important issue that has only recently begun to be addressed by the economic models of climate
change policy is the role of the technological change that may be induced by the adoption of mitigation policies
(as opposed to models assuming cost-reduction purely following precedents). According to several models
policy-induced technological change can make a significant diVerence to cost estimates. For example, a recent
literature review by the Pew Center31 concluded that technological change induced by early action aimed at
reducing emissions may significantly reduce the ultimate costs of mitigation policies. The Pew Center report
goes on to recommend that the level of abatement should then increase over time following the cumulative
nature of technological change. Defra is currently sponsoring a Cambridge-led Innovation Modelling
Comparison project on this issue, involving a large group of modelling teams from Europe and beyond.
Preliminary results should be available in the spring.

Examples of Climate Action Benefits Relating to Business

There are numerous examples from business that suggest that significant reductions in emissions can be
achieved at zero or negative cost. Since 1990, through its aggressive actions to save energy IBM has avoided
8.45 million tonnes of CO2 emissions and achieved operating cost savings of $791.4 million. IBM reduced
global GHG emissions associated with energy consumption by 65.8 per cent between 1990 and 2003 (35.4 per
cent due to energy conservation. In 1998, BP set itself the target of reducing its greenhouse gas emissions by
10 per cent within 12 years. It achieved this goal inside just three years (Absolute reduction 18 per cent). The
company integrated emissions targets into its senior managers’ performance contracts. It also introduced an
innovative emissions trading scheme to minimise cost. The programme cost the company $20 million to
implement, but saved it $650 million over the three year period. Executives are confident that there is at least
another $650 million in value to be realised.
31 LH Goulder, “Induced technological change and climate policy”. Prepared for The Pew Center on Global Climate Change, October

2004. http://www.pewclimate.org/global-warming-in-depth/all–reports/itc/index.cfm
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Economic Assessments of Hedging Strategies in Dealing with Climate Change

Many economists would agree that in theory decision-making frameworks that look at climate policy choices
as a problem of sequential decision-making under uncertainty are preferable to deterministic cost-benefit
analyses. Typically these decision-making frameworks allow for “learning”, ie the possibility of acquiring new
information on the climate change problem, which tends to reduce uncertainty over time. Some have argued
that the benefit of acquiring new, better information is an argument for delaying irreversible investment to
reduce greenhouse gas emissions. But the risk of committing resources to irreversible investment in low carbon
technology should be compared and contrasted to the symmetrical risk of a “lock-in eVect” into an energy-
economy system that relies excessively on fossil fuels. Also, a strategy of waiting to learn more on the risks of
climate change is likely to reduce the opportunity of “learning by doing” through investment in low-carbon
technology.

A good review of the relevant theoretical empirical literature is provided by Alistair Ulph and Alan Ingham
(Ulph and Ingham, 2003).32 Most of the studies reviewed by Ulph and Ingham suggested that the prospect of
getting better information at some point in the future should lead to a small reduction in current mitigation
eVorts. However, Ulph and Ingham stress that these results are very much dependent on specific model
assumptions. Furthermore, none of the empirical studies led to the recommendation of “doing nothing” as a
short-term strategy.

Annex 4

Deterministic Models of Climate Change, Impact Assessments and Costs, and Uncertainty

Deterministic Models and Impact Assessments

Deterministic models—testable against the historical and geographical patterns of climate change—are used
to reproduce the circulation of the atmosphere (hence General Circulation Models, GCMs). They estimate
climate change from projections of natural and anthropogenic influences on climate including solar input,
atmospheric aerosol concentration and greenhouse gas concentrations. Model and scenario uncertainties
produce a range of estimates of future temperature, precipitation and sea level rise. Local impacts of climate
on food production, disease incidence and water availability are assessed using regional models embedded
within the GCMs. The Hadley Centre, supported by Defra and the UK Meteorological OYce is the leading
world centre for this work.

The IPCC Third Assessment Report provides projections of global average temperature rise ranging between
1.4 and 5.8)C, depending upon emissions scenario, by the end of the 21st century. For global average sea-level
rise, the projected range is 9 to 88 centimetres. The results from more recent research imply that the IPCC
range of global warming is too narrow—the upper end of the range should perhaps be higher (eg, Stainforth
et al,33 2005). Further experiments using GCMs will be needed to confirm these implications. A recent episode
of the BBC’s Horizon programme (“Global Dimming”, 13 January 2005) suggested that short-term cooling
caused by man-made aerosol pollution in the atmosphere could be partially oVsetting some of the global
warming caused by greenhouse gases. This again is the subject of ongoing research.

Changes in global temperatures and sea level summarized will have significant impacts on the natural
environment, ecosystems and human health and society. Many of these impacts are already starting to be
experienced. Estimates of these impacts (whether in monetary terms or in physical metrics) are benchmarked
against projected climate changes (eg, global mean temperature, precipitation, sea level raise) and can be cross
linked to specific emissions scenarios, for IPCC scenarios or other authors.

Most impact assessment studies in the literature are based on the trend in climate. Considerable year to year
and decade to decade variability will in fact be superimposed on this underlying trend. Anthropogenic changes
could also initiate large-scale, abrupt changes in physical and biological systems, such as changes to ocean
circulation and de-stabilisation of the polar ice sheets. Such events are very diYcult to predict but we cannot
ignore the risk.
32 see http://www.tyndall.ac.uk/publications/working–papers/wp37.pdf
33 Stainforth et al, “Uncertainty in predictions of the climate response to rising levels of greenhouse gases” Nature 433, 403–406,

January 2005.
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Environmental stress induced or aggravated by climate change could lead to impacts such as mass migration,
severe societal, economic and political crisis and ultimately conflict, linked for example to access to water
resources, or displacement by flooding. Small to medium economies in sensitive regions of the world (eg, parts
of Africa, South East Asia, Central America, small island states) are thought particularly vulnerable to these
socially contingent eVects.

Climate Change Impact Costs

We already know that weather extremes carry significant costs. In 2002, the severe floods in Europe caused
37 deaths and had an estimated direct cost of $16 billion, while the heat wave in Europe in 2003 caused more
than 30,000 early deaths and had an estimated direct cost of $13.5 billion. Recent research34 from the Hadley
Centre indicated that such a heatwave is now four times more likely as a result of human influence on climate,
and that by the 2050s one in two summers could be even hotter than 2003. Most climate change projections
indicate that extremes such as these are likely to occur more frequently in the future. Swiss Re, the world’s
second largest insurer, said last year that the economic costs of global warming threaten to double to $150
billion per year in 10 years, hitting insurers with $30–40 billion in claims, annually. A report35 from the ABI
said that claims for storm and flood damages in the UK have doubled to over £6 billion over the period
1998–2003, compared to the previous five years, with the prospect of a further tripling by 2050.

Climate change impacts assessments should consider both projected climate changes and projected socio-
economic changes, and socio-economic scenarios have been developed for this purpose. In the UK,
corresponding climate change and socio-economic scenarios have been produced under the UK Climate
Impacts Programme for researchers to use. However, quantitative research on climate change impacts is
sparse in many sectors, and qualitative studies of climate impacts may often ignore the influence of possible
socio-economic changes. A particular diYculty is that to date scenarios of climate change have been developed
over relatively long timescales (eg, 2020s, 2050s, 2080s), which are well beyond the timeframe of most robust
socio-economic modelling. Future developments in climate change modelling will include provision of more
information on climate change over the shorter time-scales (eg, 10 to 20 years) which are more compatible with
socio-economics.

Uncertainty

Estimates of climate change impacts represent the final link in a long series of cause-eVect relationships and
feedbacks which starts with assumptions about human activity and their impacts on emissions of GHGs.
Uncertainties tend to increase at each step of this cause-eVect relationship, along what has been described as
a “cascade of uncertainty” (Jones, 2000, Corfee and Hone, 2003). So uncertainty on climate change impacts
reflects and compounds the following:

— uncertainty in socio economic trends, including economic growth, population growth, land use, etc;

— uncertainty in future levels of GHG emissions given certain socio-economic trends, reflecting
uncertainty on technological progress and trends in energy and carbon intensity of the global
economy;

— uncertainty in future levels of GHG concentrations in the atmosphere given certain levels of GHG
emissions, reflecting climate model uncertainty in the carbon cycle and in atmospheric chemistry;

— uncertainty about temperature and climate changes given certain level of GHG concentrations,
reflecting uncertainty about climate sensitivity;

— uncertainty about climate change impacts for given levels of climate change, reflecting uncertainty
about vulnerability of human and natural systems, adaptive capacity, impact of multiple-stresses,
etc).

Monetary estimates of the damage costs of climate change add another layer of uncertainty by introducing
uncertainty about monetary valuation (particularly in relation to non-market impacts). In the case of global,
aggregate estimates of damage costs further drivers of variation include choices about how to compare welfare
impacts accruing in diVerent regions of the world and in diVerent time periods.
34 Stott et al, “Human contribution to the European heatwave of 2003” Nature 432, 610–614, December 2004.
35 A changing climate for insurance, ABI, June 2004.
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Annex 5

Empirical Studies relating to Henderson and Castle Critique

There are now a few empirical studies in the literature that have looked at the implications of the Henderson
and Castle critique. In particular (and in chronological order):

— Using the MERGE model, Manne and Richels (2003)36 calculated that MER exchange rates give 17
per cent higher global emissions than PPP rates in 2100. Given the range of uncertainties in moving
from economic growth to emissions, from emissions to concentrations and ultimately from
concentrations to temperature increases, they nonetheless suggested that the debate on temperature
increases in IPCC scenarios should be decoupled from the technical debate on MEX versus PPP for
long-term growth projections.

— Holtsmark and Alfsen (2004)37 used a small economic model to estimate emissions and find
essentially no diVerences between PPP and MER projections of emissions once the rate of
improvement in energy intensities is re-calibrated in terms of PPP.

— McKibbin et al, (2004)38 found that, when they recalibrate their model using PPP growth rates with
their convergence conventions, PPP emissions turned out to be 40 per cent lower than MEX
emissions. However the authors pointed out that they did not explicitly look at the implication of
higher growth on technological progress.

— Tol (2005, forthcoming)39 found that measuring the income gap in terms of PPP as opposed to MEX
in convergence scenarios might lead to scenarios with very diVerent per capita income. However,
these scenarios also assume convergence of energy intensities, which at least partly oVsets the income
eVect, so that scenarios with diVerent exchange rates would diVer less in greenhouse gas emissions.
Tol found that diVerences become smaller still if the diVerent impacts on atmospheric concentrations
and global warming are considered. By contrast, Tol found that using PPP may make a diVerence
(reduction) to estimates of the costs of meeting a certain stabilisation target, because the gap between
baseline and target is more sensitive to the exchange rate used than the baseline itself. Tol also found
that social cost of carbon estimates tend to increase when PPP is used as a basis for economic growth
projections. This is essentially driven by the fact that under a lower growth scenarios the endogenous,
income-related component of the social time preference rate becomes smaller (see section 10 for a
discussion of discount rates).

Examination of Witnesses

Witnesses: Mr Henry Derwent, Director, Climate, Energy and Environmental Risk, Mr David Thompson,
Chief Economist and Mr Michele Pittini, Economic Adviser, Environment Policy Economics Division,

Department for Environment, Food and Rural Affairs, examined.

Q301 Chairman: Welcome and would you on my left Michele Pittini, who works in one of the
economics units within Defra, particularly onintroduce your colleagues to us? I gather that Mr
various aspects of climate change.Paul Johnson is not available today as he is not well.

We are making other arrangements for him to come
and give evidence to this committee. Q302 Chairman: This is, of course, the Economic
Mr Derwent: I apologise on Paul Johnson’s behalf. AVairs Committees and my first question comes
He is, as you say, unwell. I think it is flu and I am from that. Are we really quite clear that we are not
sure you will be able to ask him to be here on able to assess the costs and benefits here of global
another occasion. You see in front of you three warming control? It is such a fundamental starting
oYcials from Defra. I am Director of Climate, point for a committee like this that I was wondering
Energy and Environmental Risk, which means that what comments you would have on that?
I cover the policy areas of international and national Mr Thompson: As a department, we are fully
climate change and sustainable energy. On my right committed to trying to analyse the costs and

benefits, and that is a guiding principle in terms ofis David Thompson, Chief Economist at Defra, and
36 Alan Manne and Richard Richels, “Market Exchange Rates or Purchasing Power Parity: Does the Choice Make a DiVerence to the

Climate Debate?” manuscript, August 20, 2003, downloaded from http://www.stanford.edu/group/MERGE/biblio.htm
37 Bjart J Holtsmark and Knut H Alfsen, “PPP-correction of the IPCC emission scenarios—does it matter?” Statistics Norway, Research

Department Discussion Papers, No 366, February 2004.
38 Warwick J McKibbin, David Pearce, and Alison Stegman, “Can the IPCC SRES be Improved?” manuscript, May 2004.
39 Richard SJ Tol, “Exchange Rates and Climate Change: An Application of FUND,” 16 January 2005, forthcoming in Climate Change.
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of work on narrowing that range down, but that isdevelopment of climate change policy. There are
an illustration of the sort of challenge from whichobvious advantages, as you have identified, in being
you start. That range of uncertainty reflects a wholeable to do that. We have invested significantly in
range of diVerent factors which we can talk moreresearch work on potential costs and benefits
about, factors to do with how you value ofassociated with climate change control. However,
environmental and health impacts, for example;the big problem is that we need to recognise that
how you account for costs and benefits in the future,this is a very uncertain science at the moment. There
using discount rates; how you value impacts in poorare problems and issues associated with the existing
countries compared with rich countries; how youmeasures of the benefits of climate change control,
factor in the risk of extreme climate change events;problems which arise from the completeness or the
and of course the underlying uncertainties in theincompleteness of the analysis which is available to
climate science. There is a lot of uncertainty in theus—we are not able to capture all of the relevant
estimates which are have been made of the economicimpacts—and significant problems associated with
benefits. We do not see that as an argument againstthe uncertainty which comes out of the diVerent
looking at benefits per se. It means that you need tostudies. So we need to be able to recognise these
take account of these measures of damage costs inuncertainties in making use of our analyses. In 2002,
a broader framework of analysis, one which enableswe published some indicative measures of the
us to look at the winners and losers. For example,benefits of climate change control, the so-called
there are the impacts upon diVerent regions. It needssocial costs of carbon. These indicative measures
to enable us to combine together measures ofessentially built upon the existing economics
physical impact, the number of lives lost, the impactliterature. We discovered that our assessment did
upon economies in diVerent parts of the world andnot command support in the economics profession
the impact on diVerent habitats and species. Itand we initiated a review on that basis. We started
should take account of those physical impactsthat review with an international conference of
alongside the economic analysis which then aims toexperts in July 2003 and we set in train on that basis
put a value on these diVerent impacts. It should betwo research projects. The first of those was tasked
an analysis which brings out clearly for policywith assessing the existing literature and developing
makers’ the key underlying assumptions. I wouldthe existing literature on damage costs. The second
say, in relation to this work, that havingproject was then about advising us on how best to
commissioned these various studies, we aremake use of the measures of costs and benefit in a
probably doing more than many other countries toworld in which there were significant uncertainties
take forward measures of quantifying benefits. WeWe held a second international conference in
see our position as not being ambivalent on this butSeptember 2004 to review emerging findings. The
as trying to make better use of economic cost-benefitreports are presently being finalised. What came out
analyses.of all of that was, first, strong confirmation that the

existing measures of damage costs are incomplete;
they do not take full account, for example, of the so- Q303 Chairman: Given that global warming is a
called socially contingent impacts of climate change. long-term progression here, I would have thought it
That is the risk associated with migration, conflict, would be possible to see some changes over the
et cetera, following from adverse climate impacts. period at least of a few years to see the way things
Most of the monetarised damage estimates tend to are going as a result of the costs being applied and
be relatively weak in capturing the extreme climate benefits being obtained. Will that not be something
impacts that David King was talking about a we should be getting in the next few years?
moment ago: melting of the Greenland icecap, Mr Thompson: Certainly the information that we
disappearance of the Gulf Stream, or whatever. The increasingly build up from events like the summer of
first conclusion from this work therefore is that the 2003, as David King was explaining, are a valuable
information we have on benefits is incomplete. This sources of information. But the characteristic of
suggests that we should use measures of benefits as climate change is that it is a long-term issue and it
part of a broader risk-assessment framework so that is a matter of being able to project and forecast how
we can reflect and take account of things that we things might change and looking at diVerent
cannot quantify in monetary terms. That is the first scenarios, over a long period of time. As David
conclusion coming out of this. The second King said in his presentation, if you were only to
conclusion really confirms the tremendous look at the next 30 years, for example, you might
uncertainty in the literature on the estimates which actually mislead yourself on the appropriate way
people have come up with. The study told us that forward because emissions today may have an
the range of potentially credible estimates spanned impact over a relatively long period of time. Unless
£1 to £1000 per tonne of carbon in terms of the you are prepared to take account of that impact

over a long period of time, there is a strongdamage costs associated with that. You can do a lot
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would be looking at very much bigger figures. Therepossibility that you will reach misleading
conclusions. We are getting information as events will, of course, be costs of transition along the way
move forward. Our information will improve, but and it is fair to say that some sectors will bear a
we do need to take a long-term view. greater degree of costs than others. I wonder if it

would be useful if we just said a bit more about the
basis of those figures.

Q304 Lord Skidelsky: I want to get into this Mr Pittini: The figures that we put forward in our
question of projections of economic growth. The written evidence on the cost of achieving a 60 per
IPCC scenarios do assume certain things about cent reduction in emissions by 2050 are the result
economic growth; in other words, the increase in of a major exercise in economic modelling that was
carbon emissions depends heavily on projections of carried out with DTI leading in the run-up to
economic growth. The Henderson-Castles critique is publication of the Energy White Paper in February
directed to those objections. It would then seem to 2003. What we did basically was to use a UK
be common sense to say that the best way of slowing

version of the MARKAL model of the energydown the rate of increase in carbon emissions is to
economy system, and this is a widely used,slow down the rate of economic growth in some
technology-rich model which was developed by theway, and then you will get less emissions. On the
International Energy Agency. We carried out aother hand, it may be that you will get energy-saving
major modelling exercise having calibrated thisinvestments which will enable you to continue to
model for the UK economy and looking at what thegrow at an acceptable rate and the costs of
cost of imposing a constraint on carbon emissionsmitigation might be regarded as investments in more
by 2050 would look like. The way the model workseYcient energy. What view do you take on that
is basically by presenting a menu of technologicalbecause in your written evidence you seem to
options concerning the way in which we produce,suggest that the cost of controlling climate change
transport and use energy and then assuming a levelwill be very small when expressed in terms of loss
of energy demand that has to be met and then, asin annual economic growth?
I said, looking at the implications of imposing aMr Thompson: I think your last point about
constraint due to emissions: what the cost ofcomparison with annual economic growth is an
meeting that demand is. Like all models, it is clearlyimportant one in relation to the judgement on
sensitive to the input assumptions fed into it. I think“small”. I would say that controlling or avoiding
it is fair to say, first of all, that DTI and Defra paideconomic growth as a way of controlling carbon
attention to engaging a broad range of experts andemissions is not the best approach. I do not think
stakeholders in identifying a suitable set ofit is the second-best approach either. The extent that
assumptions on issues like technology costs and theone can find ways of reducing costs associated with
way in which those might be expected to evolve overthe costs of mitigation is going to be a better
time. We organised at least two major workshopssolution than reducing economic growth. As you
at the DTI looking at low carbon or carbon-neutralsay, in our evidence we put forward our assessment
technologies for energy generation, carbon captureof the cost of reducing greenhouse gas emissions
and storage and hydrogen transmission andwhich we benchmarked against GDP in the UK.
distribution. We covered renewables and nuclearThis gives you an idea of the overall impact of the
and carbon capture and storage. Then we looked atcosts of mitigation; we were looking at something
the perspectives for energy eYciency, so that waswhich was worth about 2 per cent of GDP in 2050.
looking at the demand side of the equation8. It isPut like that, it sounds a containable number. I do
worth saying that a very high amount of sensitivitynot think it is a small number. If you look at those
analysis was carried out in the process. The DTIin pounds million, and of course there was a range
looked at about 70 scenarios, including diVerentin those figures, you are looking at something like
projections of economic growth over the period and£10–42 billion a year by 2050. That is not an
sensitivity analysis on diVerent assumptions aboutinsignificant amount of money. If you benchmark
the costs of various technologies, the availability ofthat against GDP today, that is about £1000 billion;
low cost and negative cost energy eYcient options,on present growth rates, you are probably looking
the availability of gas, security of supply, andto double or treble that by 2050. One is talking
ultimately also switching oV some of theabout a significant level of cost. But if you
technologies that might help us in achieving thisbenchmark it against the likely level of GDP in
demanding target. We were looking at the eVect of2050, it is containable. To get to those sorts of
excluding nuclear or carbon capture and storage. Byfigures—2 per cent of GDP—we are looking at a

trajectory in which a process of adjustment takes 8 In addition to the two external workshop on low-carbon
generation and hydrogen transmission and distribution, theplace over the next 45 years. If you were to try to
potential for energy eYciency and other modelling assumptionsdo that in the next five to ten years, or if you were were reviewed by the Inter-Departmental Analyst Group and
by a sub-group of DTI’s Energy Advisory Panel.to wait until 2040 and try to do that, I think you
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Q307 Lord Vallance of Tummel: In Annex 3 aboutand large, the range of costs for the wider economy
we came up with are in line with evidence emerging the costs of mitigation, which we have been talking

about, you mention that an important issue that hasfrom the international literature on the cost of
climate change stabilisation for a comparable level only just recently begun to be addressed by the

economic models on climate change policy is theof reductions in emissions of greenhouse gases. If
you look, for instance, at the meta-analysis, which role of the technological change that may be

induced by the adoption of the mitigation process.was carried out by Dr Terry Barker and others, and
at all the studies in the past four or five years for Is it not fundamental to it? If it is: what is the

induction of change?comparable levels of emission reductions, you have
a few outliers under which the costs are in excess of Mr Pittini: It is a fundamental policy question. In

fact, it is worth knowing that a lot of the major4 per cent of GDP, but most of the studies are in the
bracket 0 to 3-4 per cent of loss of baseline GDP. Of economic models that have been used to inform the

policy debate on climate change still have acourse, the long-term horizon allowed for the
economy to adjust to the transition to a low carbon representation of technological change which is

purely exogenous, as the technical people say. Thereeconomy is clearly crucial. If you were to impose the
same sorts of constraints on a much shorter time are some assumptions about the reduction in cost

over time for specific technologies, somehorizon, the costs would easily increase quite
steeply. To sum up, the cost estimates we came up assumptions about an improvement over time of the

energy intensity of the economy, but there iswith are very much in line with the broader
literature on the same topic. actually no representation in some of these

mainstream models of the relationships between
adopting certain policy targets or introducingQ305 Lord Skidelsky: Those are UK estimates?
specific polices and the way in which these canMr Pittini: These are estimates for the UK, yes.
stimulate R&D and hence have positive feedback onThere is an implicit assumption that other countries,
the cost of low carbon and carbon-neutralother international partners, will need to engage in
technologies, as well as on the adoption of energyresearch and development of lower carbon
eYciency measures. It is not, perhaps, easy (becausetechnologies. In a sense, the assumption about the
it is more diYcult from a computational point ofcost of specific technologies coming down over the
view,) easy to introduce these sorts of dynamics inlong-term was that other international partners will
diVerent types of models, but this is an area wheresupport innovation with appropriate policy
we are actually supporting some research at aframeworks.
European level. It is an important area for research,
we believe.

Q306 Lord Skidelsky: Is there a diVerential impact
on countries with lower GDPs and higher GDPs?

Q308 Lord Vallance of Tummel: From the limitedWould you expect the cost of mitigation to weigh
research you have at the moment, do you believeproportionately more heavily on low income
that an emissions trading system is likely to becountries than high income countries, or have you
eVective in inducing technological change?no view on that?
Mr Thompson: It will certainly help to provide anMr Pittini: I think there may be some country-by-
incentive. I do not think it will necessarily becountry variation, depending on the initial structure
suYcient, although that very much depends uponof the economy: what are the projected baseline
the level of the incentive. The good thing about anemissions, what is the potential for fuel switching;
emissions trading scheme is that it is supposed towhat is the potential for improvement in the energy
provide a fiscal incentive on the business side, butintensity of the economy? I cannot oVer an answer
it is also providing an incentive on the demand sideon this part of the specific question. What is
in terms of how people make use of diVerentcertainly true is that the range of studies which are
technologies and how they shape their behaviour inout there in the literature includes studies that look
terms of travel patterns and other types of activity.at a broad range of developed countries as well as
An emissions trading scheme is helping us to use thenewly industrialised countries and the cost estimates
market to provide appropriate incentives. There isfor the stabilisation targets are pretty much in the
likely to be a role for support for the developmentsame ballpark. There is some recent analysis trying
of technology as well. There is a balance betweento provide a more disaggregate picture of the costs
those two things.of achieving a global stabilisation target similar to

the one implicit in the UK’s goal in diVerent regions
of the world, and this is certainly an ongoing area Q309 Lord Vallance of Tummel: The emissions

trading is the blunderbuss rather than a rifle shot?of economic research.
Mr Thompson: Perhaps we could come back with Mr Thompson: I think it is part of a package of

measures. That is what I was saying.some information on this.
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had assessments of economic benefit within whichMr Derwent: Could I possibly turn that question
round? One of the benefits of emissions trading, as they were completely confident. Looking at the state

of the art at that stage, one has at least some degreewe and a number of other economists in a number
of other countries see it, is that very flexibility, of sympathy. I think the key issue at this stage is to

look forward to the Fourth Assessment Report andperhaps the wide range of the blunderbuss in this
case, is capable of hitting a large number of targets what might be feasible at that stage. We hope and

plan that by taking forward the work which Irather than taking aim at one chosen one and
finding that it is the wrong one. What it essentially described earlier, which we have commissioned over

the last two years, we have been able to takedoes is lay oV to the market the task of deciding
which of the many means of reducing carbon forward the literature and the evidence which will

be available to IPCC. We will certainly provide thatemissions is going to be the most eVective. Of
course, as David Thompson says, the eVect depends to the group and we will certainly endorse its

usefulness. I think, in looking at the IPCC’scrucially on the price of carbon, and that depends
necessarily on the level of shortage that you impose historical position, one does need to take a

perspective on the evidence that was available toby means of the allocations that you start oV with.
This is where we are seeing what I can only describe them at the time of the Second and Third

Assessment Reports. One does need to acknowledgeas a gentle progression by the European Union at
the moment at levels which are unlikely to get that this is a diYcult area. Having said all of that,

we will want to encourage the IPCC to look atpeople to change, for example, the technology they
use for their next power station but allocations are measures of cost and benefit, and the work we have

in hand will be an input to that.likely to get closer to levels where fuel choices could
indeed be aVected by the price of carbon.

Q311 Lord Kingsdown: It does not seem to me to
be much good to be a perfectionist in this sphere.Q310 Lord Kingsdown: May I ask you a question
Mr Thompson: There is a diYcult judgment to beabout what appears to us to be the attitude of the
made, I think, in relation to how far you need toIPCC, which is that it is playing down the monetary
develop the analysis to be able to producevaluation of damages and hence the monetary
information which is useful. Probably the firstbenefits of avoiding climate change. The Third
important question is whether you can developAssessment Report is fairly dismissive of these
analysis which commands broad support in theestimates, for instance. Do you not think that the
economics profession. I think the challenge for usUK Government ought to be pressing for more
as economists is, in the first instance, to be able toeVort, not less, in this area? In your written evidence
develop an assessment which has suYcientyou say they think there is a such a need, but the
support—and economists never agree aboutIPCC seems not to be going along the same path.
anything—in the profession so that we can then goIf we do not do our best to value damages in money
to the IPCC and say, “Here is a piece of analysisterms, how else are we going to compare the costs
which commands a broad range of support”. Untiland benefits of controlling warming? The IPCC does
we are in that position, one will always have someseem to be very keen about the science and the
sympathy with non-economists perhaps beingeconomics are secondary.
slightly unsympathetic to what is being put forwardMr Thompson: As I said at the outset, from our
to them. Historically to some degree that was thepoint of view, we fully support the development of
case. I think progress is being made, both in the UKcost-benefit analysis and we fully support attempts
but also internationally, and the European Union isto develop monetary estimates of damages. We do
also taking forward this. Looking forward ratherneed to accept, in looking at the IPCC’s position in
than looking back, I am more optimistic that therethe Third Assessment Report, that they had to work
is going to be the possibility and the opportunity ofwith the economic evidence available to them at that
the IPCC to take greater consideration of the coststime. For reasons I explained earlier, there are
and benefits in the next assessment.significant issues in the use of the measures we have

available of economic benefit, issues to do with the
completeness of the estimates, whether we have Q312 Lord Macdonald of Tradeston: The UK under
captured everything appropriately in the analysis, Kyoto has a target of trying to reduce its emission
and issues to do with significant ranges of by 2012 by 12.5 per cent below the 1990 emissions.
uncertainty. The view that the IPCC took at that The Government then upped the target on that to
stage, at the stage of the Third Assessment Report, a 20 per cent reduction by 2010, as I understand,
was that the literature that they had available to which it might not manage to meet. Now, we seem
them, the research that they had available, did not to be alone in the world in having a long-run target;
deal with these issues in a fully satisfactory way at least we are on the path towards a 60 per cent

reduction in emissions of carbon dioxide by aroundfrom their perspective. They did not feel that they
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developed and then developing, to take similar2050. There is obviously the danger of a political
steps. I should emphasise, in response to a point youcost here in public scepticism that these targets are
made, that we are not alone in doing this. Swedensimply rhetorical and not realistic. Can you tell us
has a goal to reduce carbon dioxide emission by 60how this target was determined inside government
per cent by 2050; the Netherlands has stated a targetand what kind of cost-benefit analysis was done by
for itself and other industrialised countries that theyDefra and other departments on it before this target
should reduce their greenhouse gas emissions by 30was produced?
per cent by 2020; Germany has picked a CO2 targetMr Derwent: May I start with a small comment on
40 per cent below 1990 levels by 2020 if the rest ofthe history? My understanding is that the 20 per
the EU does some of that, in other words, 30 percent carbon dioxide target was generated initially
cent; and France has chosen a metric which commitsoutside government and that the new Labour
them to reduce their greenhouse gas emissions toGovernment came in with a commitment to take
about 25 per cent of their current level by 2050. Inthat forward, after examination of what had
the midst of this European fecundity of diVerenthappened at the international level subsequent to
approaches, you might hope that there was somethe formation of that target. That was that it had
attempt to harmonise, given the need for thebeen agreed that the right way to measure emissions
European Union to act as a single market and as areductions was with all six greenhouse gases rather
single negotiator in the international climate changethan just some of them and carbon dioxide; and an
negotiations. In fact, this is happening at theinternational negotiation had given the UK a 12.5
moment. The Environment Council’s latestper cent greenhouse gas reduction by the first Kyoto
conclusions on this note that, in order to keepcommitment period (2008-2012). We went out to
within their long-term temperature objective, thereconsultation to see whether we should continue with
should be reductions of the order of at least 15 pera 20 per cent CO2 target as well as a 12.5 per cent
cent, and perhaps as much as 50 per cent, by 2050international one, and came to the conclusion that
compared to 1990 levels. There will be furtherthere were benefits to the United Kingdom in
discussions at the Environment Council and at thecontinuing to stick with a 20 per cent target. On that
European Spring Summit on this very point.basis, we have proceeded measuring our

performance both against our international
obligations and against our domestic goal. We have Q313 Lord Sheppard of Didgemere: Staying with
added to that what many people have cried out for, the international aspect of Kyoto, some of our
which is an indication of where, over a long witnesses have been pretty damning about whether
timescale, we are going. The reason that people this is going to have much eVect at all. I think you
cried out for that, particularly in industry, is because have implied that in the comments that you have
2010 is, frankly, the day after tomorrow when made, but you may want to elaborate. The other
looked at against the perspective of the capital point is: if you take the post-Kyoto phase, what
investment decisions that many industries have to would you be looking for if you were just going into
take, for example in the power sector. We have said that and what should the UK have been pushing
very clearly that we think that it is possible to reduce for? Is there anything you want to add to what you
our emissions by 60 per cent by 2050 on a carbon have said already? Apart from the specific targets,
dioxide basis at a comparatively low level of are there any other aspects?
economic cost, as David and Michele have Mr Derwent: On your first point, I would say this,
indicated. We have supported that with a and I apologise for the nature of it but I think it is
programme of policies and measures which, true. This is a long journey and the agreements at
understandably I hope, are much clearer about what international level, that we do have make a good
we will do in the next ten years or so than first step. That is not to say that there could not
subsequently. Your question, Lord Macdonald, have been better first steps, but we have managed
gives me the opportunity to make a point about to get the agreement of a large number of countries
Lord Kingsdown’s question, which worried me a that we should go about reducing our greenhouse
little bit. It was, I think quite rightly, that there are gas emission according to an internationally-agreed
dangers in being too perfectionist. What the UK profile. The spotlight is therefore now on the next
Government did was review the evidence for climate phase beyond 2012. The international negotiators
change and the damage from climate change, take are circling round the issues which have been placed
into account the fact that there was still quite a long on the table, not least by the increasing scientific
way to go in terms of precise economic justification, evidence of the potential damages and the cost of
but to conclude that there was suYcient justification those damages. This is also in the knowledge of how
for us to plan on the basis of a very major reduction, the existing set of targets has worked or could work
taking into account the cost to ourselves, and also in the future, and taking into account the position

of developing countries. Here I should emphasise,on the basis that we would expect other countries,
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even the most aggressive emissions reduction policynot least because it came up in your previous
questions to Sir David King, that developing in the UK do at a global level? Also, when it comes

down to individuals, what can the individual do? Icountries moving at a slower speed in reducing their
emissions in development is at the very heart of the think that there is a genuine “I do not know”

element as well as a rhetorical element and that weinternational agreement that was struck in 1992.
The jargon describes it as “common but have a great deal of education to do before people

realise simply the connection between their use ofdiVerentiated responsibilities of all the countries
signatory to the Convention”. That, in plainer electricity and the emissions for which they

ultimately are responsible, for example. We are onEnglish, means that because the developed world is
responsible for getting us into this mess and because the brink of rolling out a major new UK

communications campaign. Some of the jargonthe developed world can, on the whole, aVord more
action to get us out of this mess, then the developed deliberately aims at this and the agents who deliver

policies on climate change are doing likewise. Someworld ought to start doing things before the
developing world will come in. That is not to deny of you may have seen the television adverts from the

Carbon Trust or be in receipt of the new round ofthe enormous importance of China’s and India’s
industrialisation for the world’s greenhouse gas attempted persuasion by the Energy Savings Trust.

That is all part of the same issue and getting peopleemissions, but it is to recognise the political reality
that we have to put some cards on the table before to understand is perhaps our first task.
we expect them to do so as well. The work that is
being done on the post-2012 architecture makes use Q315 Lord Layard: I ought to ask you about the
of a whole variety of diVerent types of targets, issue of whether money spent on climate control
diVerent types of commitments and diVerent might not be better spent on aid to the third world.
graduations of obligation that could be possible for You argue against this. Let me raise three problems
countries, large rapidly industrializing and which make your argument diYcult, I think, or one
developing countries, all the way down through to could argue that. One, it is diYcult to measure the
the Burkina Faso’s and Rwanda’s of this world benefit of controlling temperature. Two, it is diYcult
from whom very little would be expected in terms to know how far controlling greenhouse gases will
of greenhouse gas emissions. So we are looking to and when it will control temperature. Three, the
the future, and I think you will see over the next results are so far in the future when people in the
year how well we do in stage two. third world will be much richer than people in the

third world are now. I wonder how you respond to
these problems in making your argument.Q314 Lord Sheppard of Didgemere: The public
Mr Derwent: I think on some of these we enter intorelations task is a terribly diYcult one—to try and
problems which are best looked at from a rigorousget the public to think beyond their lifetime, well
economic point of view. So one would defer tobeyond their lifetime, and the politicians too. Do
David Thompson, but only after, if I may, takingyou think we are managing to get over the
the opportunity to worry a little bit about theseriousness without the scientific community and the
statement in your question that it is our view thateconomists? Are we beginning to get the issue over
spending money on climate change control is betterto the public without alarming them, or is that an
than spending the same resources on development.impossible task?
We certainly had not intended to say that. As far asMr Derwent: I do not think it is an impossible task
I can see, we managed not to do so.but it is a very diYcult one. The health report in

public perception and understanding of climate
change is that on the whole the argument about Q316 Lord Layard: Perhaps you did not. Whatever
whether global warming has happened has long you would propose spending on climate change
since been won. There are not many people who could be better spent on the third world. That is the
deny the evidence which they can see all around issue I wanted to get your comment on and why you
them. I do not think that there is much dispute, think that would not be a correct statement.
certainly on this side of the Atlantic, that human Mr Derwent: Let me try, in what I fondly hope will
activities have a major part to play in rates of be common sense terms, and then I will hand over
warming which are quite clearly diVerent to things to David Thompson for gentle correction or
which have been experienced in the past. Where we expansion. The overall impacts of climate change
have diYculty is in persuading individuals, or are spread over a very long period and get worse
indeed sectors of society, that there is anything very and worse as we do nothing to deal with them.
much that they can do about it, either because if you Whereas at any one moment if, for example you
deal with this issue on a country-by-country basis, were to be given a Christmas present whereby there
the UK is only responsible for 2 per cent of the was an additional lump sum of money and you

could choose where you want to put it (and theworld’s greenhouse gas emissions, so what could



3091991024 Page Type [O] 24-06-05 17:34:17 Pag Table: LOEANY PPSysB Unit: PAG6

127the economics of climate change

1 March 2005 Mr Henry Derwent, Mr David Thompson and Mr Michele Pittini

written submission in paragraph 17 say, perhapsCopenhagen consensus process asked people to
imagine just that), you might well decide that that rather more diplomatically: “It is fair to say that

economist involvement in IPCC work hasadditional resource should be given to AIDS or
drought alleviation or some poverty-related occasionally given rise to some controversy.” It also

seems to us that the IPCC is a bit reluctant to bringobjective. But the total impact of climate change on
the developing world and on the developed world together the social costs of carbon with the costs of

a tonne of carbon saved through diVerent mitigationalike is, as you clock it up through the years and
decades, likely to lead, despite the diYculties we approaches. Have I got the wrong impression on

this or do you have any view as to what you shouldhave on precise evaluation, to some very severe
economic damage indeed. Therefore, in disposing of be doing as Defra with responsibility for eYcient

regulation and wise use of resources to make sureany monies that you may have, it seems rational to
distribute those between the immediate problems of that there is more focus?
today and those which you need to catch early. It Mr Derwent: I think we would like to believe that
is important to say that the economic costs of we have covered most of the points that you make
dealing with climate change do become much there on the basis that we have described the work
greater if you leave it for a while. It is rational to that we are doing at the moment on the social costs
spend money both on that and on some of the of carbon and in other related fields as well, which
immediately pressing needs. we think goes to supply some of the shortfall in solid

economic analysis of costs and benefits that I thinkMr Thompson: There is not a lot to add to that. As
we said earlier, you cannot do a precise cost-benefit was reflected by the IPCC’s reluctance to make a big

push on economic cost and benefit analyses in theircomparison between the two ways of spending your
money. I think the point I would make, to reinforce Third Assessment Report. What we are trying to do,

and there are many other contributors to thewhat Henry Derwent was saying, is that as we look
at the climate change issue, we really are looking at literature whose work will be drawn on as well, is

produce the evidence in the standard peer reviewa risk management issue. It is tremendously
uncertain what is going to happen. There are fashion which will enable the Fourth Assessment

Report of the IPCC to take us further forward. I doscenarios on that and we know that some of those
scenarios have very big negatives associated with not think there is any question of a lack of interest

or a lack of capability in the IPCC machine to dealthem. Part of what we need to do in deciding how to
allocate resources between climate change and other with economic costs and benefits. On the contrary,

there are many very distinguished economiststhings is to recognise that we are managing a risk.
We do not have a certain idea of what the returns working alongside that group of scientists, but the

IPCC rules of the game ensure that they can onlyare from one thing (climate change policy) and what
the returns are from another thing (development work with peer review literature. By comparison

with last year or the last couple of years, the IPCCaid). When you are in that risk management
framework, technically and intuitively it does not Third Assessment Report drew on a comparatively

limited set of contributions. Not just we but a wholeusually make sense to put all your money in one
area. It makes sense to balance your money. How variety of other countries are making sure that a lot

of money is going into economic assessment andyou make precise judgments is altogether a more
diYcult question. It essentially operates in a risk research. So that there should not be a complete

hiatus between the Third and Fourth Assessmentmanagement framework. That does suggest that you
spend a bit of money on everything. How much you Reports of the IPCC, we in the UK Government

made sure that economics as well as technology anddecide to spend on each area is a very complicated
question, however. Finally, how do we take account pure science were pretty fully covered at our Exeter

conference on the costs and benefits of climateof the fact that people will be richer in the future?
Part of what we do in relation to discounting (that stabilisation, which took place, as you heard from

Sir David King, at the beginning of February. Iis assessing the value today of benefits in the future),
seeks to capture the fact that as incomes rise, we would rather dispute the analysis that you suggest,

or at least say that it is aberrant.would expect a particular level of benefit to be worth
less, so a rich person in future will get les benefit
from an additional amount of income than a poorer

Q318 Lord Vallance of Tummel: Can I bring youperson today.
back home for a moment? I believe your own
estimate of the social cost of carbon is £70 per
carbon tonne and lying in a range between £35 andQ317 Lord Vallance of Tummel: Some of our

witnesses have made it fairly clear that they think £140—correct me if I am wrong. Has the National
Audit OYce not come out with a recent reportthe IPCC process is driven really by science rather

than by economics, that economics is secondary or suggesting that the costs of a tonne of carbon
avoided, say through wind farms, lies between £70even not very relevant at all. You yourselves in your
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under-appreciated in terms of the contribution thatand £140? What should we read into that—that
wind farms are not a good investment? it has made to global research and development on

the important technologies which will be at the heartMr Thompson: There are two points to make on
that. First, in relation to our guidance, as I said at of any real success that we make in dealing with

climate change. It does put billions and billions ofthe outset, that was published in 2002 and it is
presently subject to review. Putting that to one side dollars into this. What it has not done—and we part

company with the United States here—so far isfor the moment, the measured costs which have
been identified at £70 to £140 are within the range. address the need to limit its own carbon dioxide

emissions. The reason for that diVerence is primarilyThat suggests that the investment is broadly
matching its costs but it is doing no more than that; that the current administration’s assessment of the

economic costs of doing that is very materiallyit is on the margins basically on the basis of that
particular piece of analysis. diVerent from the sorts of assessments which we have

been describing here and which lie behind our own
initial White Paper. There are a number of reasonsQ319 Lord Vallance of Tummel: If you take the
for that. One of them is, I think, a deep suspicionmean of the two ranges, the National Audit OYce’s
of the sorts of induced technology eVects which weand yours, of the social cost of carbon, you come
described before and a suspicion of anything whichto a rather diVerent decision, do you not?
does not really take its measurement basis as a closedMr Thompson: As we have said at a number of
system. We continue to argue with them, obviously,points, there are quite significant uncertainties on
on the basis of our Energy White Paper. . We believeboth the benefits and the cost side. That means that
that they may have got a few things right but theythe process of decision making really does involve
have not got this right. We try to persuade themlooking at those ranges.
wherever we can. As to your free-rider point, then ILord Vallance of Tummel: That is a rather
have to agree with you. This policy area is andiplomatic answer. Thank you.
absolutely classic example of potential free-riding
and a potential for a tragedy of the commonsQ320 Lord Skidelsky:Unless you bind all the major
scenario. We do not have an eVective global policingemitters into some international agreement, like the
system which enables us simply to impose reductionsKyoto Protocol attempted to do, do you not just
on a basis that harmonises the impact onfind it is a free-rider problem, that gradually
competition. In the European Union we do, thoughcountries drop oV because a major country like the
we have had some diYculties in meeting that recently,United States will not play within this system? So is
but we are at risk always of one or more countriesnot what individual countries are doing now going
saying, “We do not believe in this. We can see thegradually to disintegrate unless you can get the
competitive advantage in not joining and we will waitUnited States into the Kyoto process? I just want
to see who tries to stop us”. Against that, even if thisyour opinion on that. You are not wasting your
does involve a suspension of cynicism for a while, wetime exactly but that is the big prize, is it not?
can I think see right across the world, in developingMr Derwent: It is indeed the big prize. Across
and developed countries alike, on both sides of theindustrial sector after industrial sector the United
Atlantic, real growing alarm in industry, in publicStates’ share of global emissions is far and away the
and in government about the impact of climatebiggest at the moment.
change and a real expectation that politicians will do
something about it. Since this is something you can

Q321 Lord Skidelsky: Is that about 35 per cent? only do something about at the global level, the
Mr Derwent: It depends; those sorts of comparisons impetus behind politicians to come together and
are slightly skewed by the fact that one frequently agree negotiation is really strong and getting
forgets agriculture and deforestation as major stronger.
contributions as well. They are particularly diYcult
to do concertedly when you look at the things which

Q322 Chairman: That brings us to the end of ourare within the framework of industrial policy. The
session. Thank you for coming. Mr Derwent, Mrability of industrial policy to aVect the US is hugely
Thompson and Mr Pittini, if there is anything youimportant. That is why we are making use of every
want to add, please do not hesitate to do so.opportunity that we have, not least our presidency of
MrDerwent: I do have one point which I wish to add,the G8, to go over to the question of climate change,
Chairman, which I omitted to bring up when I thinkmaking it a central part of our G8 agenda and seeing
it was Lord Macdonald’s question got closest to it.if we can come to some form of improved
There is an infelicity in our written evidence inunderstanding of the urgency of dealing with climate
paragraph 14, which is the culmination of a slightlychange. To be fair, the United States has, I think,
tricky description of the question of reductionsbeen misrepresented on the question of whether it

believes in climate change and it has certainly been measured by degrees centigrade and concentrations
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two measures. The resolution of the apparentof greenhouse gases in the atmosphere, which moves
apparently at first sight inexplicably from a inconsistency would be eVected by introducing the

word “equivalent” after “CO2” in the eighth line ofdescription of a UK path of reducing our CO2

emissions to around 500 parts per million in paragraph 14. At that point, we are talking about the
measure of all gases rather than just CO2 as we wereparagraph 12 through to an objective of CO2

reductions at 550 parts per million in paragraph 14. in paragraph 12. I apologise for that oversight. We
will confirm what it should say and why by a smallThe diVerence there is the diVerence between

examining CO2 and six gases. As I mentioned before, note, if we may.
Chairman: Thank you very much.we do have this constant flip-flopping between these

Supplementary memorandum by Defra

ADDITIONAL INFORMATION ON COSTS OF MITIGATION

Additional Considerations on Alternative Metrics for the Costs of Mitigation

1. Deviation from baseline GDP at a given target date is commonly used to estimate costs in the wider
economy of policies to reduce emissions of greenhouse gases. This takes changes in GDP to be a proxy, albeit
an imperfect one, for changes in welfare.

2. Alternatively, it is possible to express costs of mitigation in absolute terms. For instance, the costs of
achieving a 60 per cent reduction in CO2 emissions by 2050 (the Energy White Paper target) is estimated to be
between £10 billion and £42 billion per annum (in 2000 prices) by 2050.

3. The marginal costs of achieving emissions reductions targets or the carbon tax required to achieve a certain
emissions reduction target are other cost metrics that are commonly used in the modelling literature, although
it could be argued that carbon taxes are inadequate as a measure of macroeconomic costs because of
diVerential eVects linked to the possibilities for revenue recycling.

4. The estimated marginal abatement costs in 2030 from the MARKAL model used for the Energy White
Paper were typically between £25 and £150 per tonne of carbon (tC) abated though they could be as high as
£400 per tC under runs where the rate of improvement of energy eYciency was restricted. The marginal
abatement costs in 2050 varied between about £300 per tC and about £600 per tC in the unrestricted runs,
though abatement costs up to an order of magnitude higher were obtained by successively limiting the
technologies available. Unsurprisingly reasonable costs require a broad response. Average costs to the
economy would of course be lower than the this and costs would also be reduced if emissions trading were
taken into account.

5. We agree the costs of transition to a low carbon economy are not trivial and we have never claimed
otherwise. But cost estimates have to be placed into context. If the economy grows at its long-term rate of 2.25
per cent per annum over the next 50 years, GDP will be around three times larger in real terms in 2050. Our
estimates suggest that this growth rate will be reduced by between 0.01 and 0.02 percentage points on most of
the model runs.

Evidence on Mitigation Costs in Developing Countries

6. The 60 per cent reduction goal endorsed by the Energy White Paper is commensurate with the level of
reductions in emissions likely to be needed by developed countries to move towards stabilisation of carbon-
dioxide concentrations in the atmosphere, taking account of a realistic assessment of emissions growth in
developing countries.

7. Most of the model-based estimates of the costs of reducing emissions of greenhouse gases have focused on
developed countries, but the relevant sections of Chapter 9 of the WGIII Third Assessment Report) assess a
body of literature that has looked at the costs of emissions reductions in transitional economies as well as in
developing and newly industrialised countries.

8. It is widely said that developing countries oVer significant opportunities for low-cost or negative cost
abatement through energy savings and the adoption of clean technologies. This is one of the reasons behind
the attractiveness of international market mechanisms as a way to abate emissions. These opportunities for
low cost abatement will of course eventually be oVset by the increase in baseline emissions due to rapid
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economic growth. The way in which the long-term emissions reduction burden is shared between developed
and developing countries will therefore help determine the costs of achieving climate stabilisation.

9. Developing countries and newly industrialised countries are typically assumed in modelling scenarios to
have increasing absolute emissions before emissions stabilise and ultimately begin to decrease in the long term.
This is consistent with the Convention principle of common but diVerentiated responsibilities.

10. Collectively newly industrialised countries will eventually need to achieve significant cuts in emissions
(although from an increasing reference scenario) to ensure that global stabilisation targets can be achieved.
But country studies that have looked at the costs of achieving deep cuts in emissions tend to show that
economy-wide costs of significant mitigation eVorts do not need to be major. For instance, Chen40 has
undertaken an analysis of the development of China’s carbon emission to 2050, and the costs of emission
reduction, using a version of MARKAL linked to a the macroeconomic model. For 45 per cent reduction in
projected emissions,41 projected GDP was estimated to be 2.54 per cent lower in 2050 (by which time GDP on
a per capita basis was projected to have increased about 10-fold). Marginal abatement costs were estimated
to be up to $216 tC, although both total and marginal costs could be higher when nuclear power capacity was
constrained.

11. Some recent multi-regional modelling studies have also considered the costs to diVerent regions of the
world of achieving climate change stabilisation targets, also under specific policy scenarios reflecting the
principle of common but diVerentiated responsibilities.

12. For example, Akimoto and Tomoda have developed a world energy systems model of 77 region division
and 100 year time span to evaluate costs and technological options by region for various targets of CO2

emission reduction. In particular, they looked at stabilisation at 550ppm and 450 ppm. To reach these
stabilisation levels, they assumed that Annex I countries would achieve long-term emissions reductions targets
similar to the UK 60 per cent goal in 2050, growing to 77 per cent by 2100. They further assumed that
developing countries’ emissions would be constrained to ensure the achievement of the 550ppm stabilisation
target (which implies that absolute emissions from developing countries would be allowed to grow into 2050s
before they stabilise and begin to decrease by the end of the century). The analysis found that without
international emissions trading the marginal cost of CO2 emission reduction in 2050 would vary between
about $100 tC for Russia and China and over $300 tC for the US. With emissions trading the marginal cost
falls to $90 tC.

March 2005

40 In press, see http://www.sciencedirect.com/science?–ob%ArticleURL&–aset%V-WA-A-W-A-MsSAYWW-UUA-U-
AAABVYYZUD-AAAAUZEVUD-EYBYWCZBC-A-U&–rdoc%1&–fmt%summary&–udi%B6V2W-4B28VPS-
7&–coverDate%05%2F31%2F2005&–cdi%5713&–orig%search&–st%13&–sort%d&view%c&–acct%C000031044&–version%

1&–urlVersion%0&–userid%602368&md5%8ab404e1dec6646b5554b4e66e759343
41 Emissions are estimated by Chen to increase by about 200 per cent under the reference scenario. Continuous great eVorts on structural

adjustment, energy eYciency and energy substitution are projected to lead to a constant decrease in carbon intensity of GDP, but this
is more than oVset by rapid economic growth.
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Present Elder, L Marsh, L
Lamont of Lerwick, L Sheppard of Didgemere, L
Lawson of Blaby, L Skidelsky, L
Layard, L Vallance of Tummel, L
Macdonald of Tradeston, L Wakeham, L (Chairman)

Examination of Witness

Witness: Professor Nebojsa Nakicenovic, International Institute for Applied Systems Analysis (IIASA) and
Vienna University of Technology, examined.

Q323 Chairman: Professor, I am sorry, the workings single event in the work of the IPCC; but rather a part
of a process. First scenarios were published in 1990,of democracy do cause some inconvenience from
then a second set in 1992 with a newer knowledge,time to time, but I am grateful to you for coming
these scenarios were evaluated in 1994 and this led toalong. I would not guarantee that was the only
the recommendations for the development of SRESdivision we are going to have, and so I have asked my
scenarios. I think what is really important is that thecolleagues, including myself, to try and put our
SRES terms of reference specify that these scenariosquestions as shortly as we can and if you can make
have the same range of driving forces from theyour central points brief in the answers we will get on
demography, through technological change,much better. I am also told it is important to speak up
economics, land-use changes as the scenarios in theso that the record is absolutely straight. May I start
literature and that the range of emissions should beoV with the first question? We have had a lot of
representative of that the literature, and in general,evidence which has criticised the IPCC emission
that the scenarios should be representative of thescenarios. The general criticism is that they are not
knowledge. There are about 500 scenarios in thecredible, that there are methodology problems, and I
literature, just so that you have an impression. It is awondered whether we could just take those criticisms
very large set there that served as the basis for SRES.in turn. The first is that the scenarios appear to bear
A number of models were used to develop newno relation to past trends, so that high emission
scenarios, six diVerent models. Modelling groupsscenarios assume growth rates of the world economy
were not appointed; they volunteered to do the work.that have no historical precedent. Is that a correct
You will see later, (perhaps, in response to somepoint?
other questions that might come up) why that isProfessorNakicenovic:Good afternoon. First, I would
important. I would also like to mention, and withlike to thank you for the invitation to this inquiry and
that I will conclude my brief introduction, that thefor the opportunity to respond to some of these
writing team included 50 authors, many of whomquestions. As far as the issues are concerned, and
were economists, but I would also like to stress, theyyour question whether the scenarios bear
were not all researchers and scientists, some were alsoresemblance to historical rates of change and whether
from the private sector and from the environmentalthey are rooted in the history, I would definitely
NGOs to bring in diVerent perspectives. Fiveanswer in the aYrmative that they are indeed rooted
colleagues were from the United Kingdom. I amin the history and I will try to give you some
delighted that Professor Dennis Anderson will beexamples. I think one of the main reasons why this is
giving evidence after me, who is one of the authors

important is that history teaches us quite a lot about
from the UK, but also included we have, for example,

the rates of change, about the great transitions in the Dr Ged Davis, who was the head of the planning unit
economy and the energy system, land-use changes, all at Shell at that time of SRES and now is the Director
other driving forces that are important for the General of the strategic insight to the Davos
emissions. I do not think that anybody on the writing Economic Forum, and we had three more colleagues
team of the IPCC Special Report on Emissions from the United Kingdom1. This is just the
Scenarios (SRES) believed that the history will repeat background I wanted to give you. The 40 SRES
itself, but rather that the rates of change are relevant. scenarios that were developed and the range of
I think that it is also the sense of your question. May emissions are deeply embedded in the literature and
I just spend one minute to set the background? First, in diVerent methodological approaches, specifically
I would like to identify some of the terms of reference the history, and I will try to be brief. I would like to
that were behind the scenarios, because I think it is

1 Mr Doug Mckay, Shell; Dr Laurie Michaelis, Environmentimportant to have that up front. The SRES Report Change Institute, Oxford; and Dr Ken Gregory, Centre for
Business and the Environment.and the resulting emissions scenarios of it was not one
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six diVerent models were used, developed by sixrefer to the work of Professor Angus Maddison, who
is one of the great students of the history of diVerent modelling groups, which represent diVerent
economics, to his seminal book published in 2001, on modelling approaches. There were macro-economic
the World Economy. He calculates the history of the models used, sometimes called top-down models,
economic growth, or estimates, for the last 1,000 that have much more detail about the economy and
years, but what is relevant for us here is perhaps the relationship of the economy in particular to the
starting in the 1820s, or so, at the beginning of the energy demand and how that leads to the emissions,
industrial revolution. His number for the economic but there were also so-called systems-engineering
development on a per capita basis (per person) for models—those are the models that would represent
this last 200 years is about 1.2 per cent per year, so single power plants, automobiles, user-devices—so
every year the economy grew 1.2 per cent higher. This they would go from the engineering detail up
estimate refers to the purchasing power parity (PPP). and calculate the emissions. There was this
The most rapid period of human development methodological pluralism that also, I think, supports
economically was from the 1950s to 1970s. At that the idea of the plausibility. Perhaps another
time the world economy expanded on a per capita important thing I would like to mention is that these
basis per person at about 3 per cent per year (again in SRES scenarios were published in 2000 in a report by
purchasing power parity). Let me compare that with the IPCC. We have had in the meantime five years of
the scenarios that were presented in the Special new literature. The new scenarios in the literature are
Report on Emission Scenarios of the IPCC. The also consistent with SRES range. They fall within this
lowest scenarios with respect to economic growth range, and it is not so that the SRES ranges of the
have average per capita PPP growth, economic driving forces or the emissions were biased in one way
growth, over the century of 1 per cent per year; the or the other. To indicate to you that the range of the
next lowest about 1.4 per cent per year—and you can emissions, which I think is a big concern in the
see they bracket these 200 year rates—the two highest criticisms, is credible or at least plausible, I do not
scenarios with respect to economic growth rates of even need to go into the area of economics. Let me
about 2 per cent per year and 2.5 per cent per year. just give you a very brief example that will illustrate
They are still well below the world experience why the emissions range is credible. We have today
between the 1950s and the 1970s; so I think one can six billion people in the world and we emit six billion
indeed argue, and lots of eVort went into that, that tons of carbon. That means that each of us emits one
the future outlook in SRES is consistent with what ton of carbon every single year. The highest
we have seen in the history. There is a Chapter three population projections in the literature from a
in the SRES report, which is a huge book. Chapter number of institutions that do global projections
three is 70 pages long and it goes into great detail indicate that the highest global population is perhaps
about the historical context of these scenarios, not doubling to 12 billion people2. That is the highest (if
only with respect to the economics but also the we use the language of your question), credible
demography, technology, land use changes, and so population projection (but 15 is also imaginable) so
on. that 12 billion people would already double our

emissions to about 12 billion tons of carbon. If the
whole world in 100 years from now would have theQ324 Lord Elder: Sticking for the moment with the
same emissions as we have on average in the wealthycriticisms of IPCC emission scenarios, it appears that
countries, in the OECD countries (that includeall emission scenarios are given equal status, and yet
Western Europe, North America) of averages aboutinevitably some will be more credible than others.
three tons per person on average per year. that givesShould there not be some attempt to see which are the
you 36 billion tons worldwide. That is about themost credible and perhaps to avoid in so doing giving
upper SRES range. That is about the range I havesome sort of alarmist outcomes as possibilities?
given you. That results even though there is alsoWould it not be better for us to quantify the

likelihood of the scenarios? eYciency improvement in the higher scenarios. The
lower part of the range constructs similarly. TheProfessor Nakicenovic: Thank you very much for that

question. The language that was used in the special lowest population projections are—and this might be
report, to which all of the 50 authors agreed, is that a little bit surprising—as little as four billion people,
all of the 40 scenarios are plausible. I think the a substantial decline from today. That would be a
plausibility is based on a number of factors: one is, as much more elderly population, in particular in the
I tried to explain before, that they are rooted in the northern regions of the world with most aZuent
historical rates of change; secondly, that they are 2 Global population projections are regularly published by the
representative of the 500 scenarios in the literature, United Nations (UN) and the International Instituted for

Applied Systems Analysis (IIASA). SRES scenarios were basedboth with respect to driving forces from demography
on the range of these population projections as published byto economic change and with respect to all the range 1996 ( when the work on SRES commenced). In the meantime,
these projections have been updated by the UN and IIASA.of emissions. I think that is also important. Thirdly,



3091991027 Page Type [O] 24-06-05 17:34:37 Pag Table: LOEANY PPSysB Unit: PAG7

133the economics of climate change

8 March 2005 Professor Nebojsa Nakicenovic

mentioned that there are about 500 scenarios in thesocieties. If they would be also only emitting one ton
of carbon on average, that would be four billion tons, literature-at the time of the writing of the report

(there are in the order of 600 scenarios now)—is stilland the lowest SRES scenarios are in that range. One
can assume much higher eYciency of the energy in market exchange rates. Perhaps this will change in

the future. But it has stayed in market exchange ratessystem, introduction of carbon-free energy sources,
and one could cut that down to about two or so (tons for a long time. The reason why we developed a

model in PPP is that during the 1990s I chaired a jointof carbon per capita per year), and there are scenarios
in the literature that have climate policies that reduce study of IIASA and the World Energy Council

(WEC) that is situated here in London. It is theemissions far down. In the SRES scenarios climate
policies were not allowed by the terms of reference— largest energy association in the world and they

regularly do scenarios. Our group developed a set ofin mitigation scenarios we find climate policies—so
no additional post-Kyoto agreements or anything of scenarios, the IIASA-WEC scenarios that were

published in 1998 by Cambridge University Press inthat sort was assumed in SRES. I think that if one
looks at my very, very simple calculation, the SRES a book called Global Energy Perspectives. One of the

requirements of that study was to look—range is plausible, even without going into the
economics and other factors, simply because energy
is essential for human activities, and currently energy Q326 Chairman: We are going to have to vote in a
is fossil-based so even transitions away from fossil minute, so can you pause when you get to a good
would still lead to some of the emissions over the point?
next century. Professor Nakicenovic: I can pause in 30 seconds, if

that is okay. I just wanted to complete this thought.
One of the objectives was to look at why two billionQ325 Lord Vallance of Tummel: Professor, may I
people do not have access to electricity. This is a hugebring you back to the economics for a moment,
challenge today, partially because there is nobecause I suppose the third main criticism of the
infrastructure but partially because they cannotscenarios is that they use market exchange rates
aVord energy, and PPPs that I have measured to lookrather than PPP in their projections. We know that
at it, because people buy energy usually at diVerentyou responded to Henderson-Castles’ critique on
prices than the International Exchange Rate prices inthis, but we would welcome an update on what the
many of the developing countries. So that was thecurrent state of play is, because I noticed in your
reason why we developed it, for cross countryanswers to one of the earlier questions that you were
comparison.talking in PPP terms. Does that mean that you now
Chairman: I am afraid we have to go and vote. Weacknowledge that PPP is the right way of
will be back as soon as we can.approaching this, and, if you do, what diVerence

might that make to the emissions forecasts?
The Committee suspended from 4.12 pm to 4.20 pmProfessor Nakicenovic: First, I would like to state that

for a Division in the Housethe scenarios as published in 2000 were formulated
both in PPP and in market exchange terms, so it is
counter-factual to say that PPP was ignored. I think Q327 Lord Vallance of Tummel: Could you come to
it is important that I stress that. I also want to explain the second part of the question: how sensitive are the
to you how PPP is accounted, and, indeed, I am still emission forecasts to the choice between MER and
puzzled why this is continuously being ignored. PPP?
SRES report has an appendix of 200 pages (from Professor Nakicenovic: If you will permit me, I wanted
pages 380 to 580) where every single scenario is to add a few more points to the first part of your
precisely documented, and I will be happy to leave a question, and then I will come to the second. I also
copy here as evidence. Six models, as I mentioned, wanted to mention that Mr Castles and Professor
were used, according to intergraded assessment Henderson actually cited IIASA joint study with the
models, to develop the scenarios. One of those World Energy Council as an example of how they feel
models, the model we have developed at IIASA, these things (eg PPP calibration) should be done, but
where I work, is calibrated in PPP and, since all of the that is an example of a counter-critique on the IPCC
models developed all of the four scenario families, we scenarios because the same methodology was used in
have PPP trajectories for all of the 40 scenarios, and SRES. I would like to also mention that to my
this is why it was possible for me to compare the knowledge IIASA-WEC study was the first attempt
future PPP growth rates in the scenarios with those to do a 100 year scenario using PPP. In the meantime
that Professor Angus Maddison published two years there are a number of other studies, and let me just
later after SRES report was published. I think it is mention some of them for completeness so that you
really essential that I point this out, that there is a know that there is work going on. There is the model
PPP calibration in SRES. At the same time, I think I of Dr Chris Hope, the PAGE model, that is

calibrated in PPP as far as I know, then there is thealso need to state that most of the literature—I
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behave in the same way as the market would allocateGlobal Scenario Group that has developed PPP
scenarios with a simulation framework, then Dr Rich scarce resources. If we would do that in PPP we
Richels and Professor Alan Manne from Stanford would get the wrong answer; so here one has to use
who have calibrated MEGRE model also with PPP, market exchange rates. There are also attempts to use
and then the World Energy Outlook that is published hybrid approaches, but (what I would like to
in regular periods by the International Energy communicate to you) in particular is that most of the
Agency—the last one was 2004—is also calibrated in literature continues to be in MER. For whatever
PPP, but this is a shorter term study. World Energy reason, that is the reality. Less than one per cent of
Outlook was for 2030, then there is the European all the scenarios are in the market exchange rate. The
Union’s work on the World Energy Technology and second question: what diVerence does it make
Climate Report, the scenarios that were developed by whether you use PPP or MER? Let me try to illustrate
Dr Patrick Criqui, (with POLES model) from that with the following argument. Let us take up a
France—that is also calibrated in PPP to 2030—and hypothetical situation of China, but we could take
most recently (I think that is particularly interesting) India or any other developing country. If we measure
Professor Angus Maddison has also produced a PPP the Chinese economic output in market exchange
scenario to 2015. All of these new scenarios have an rates, it would be four times lower than in purchasing
economic growth rate on a per capita basis in the power, roughly four times higher, but the factual
order of about 2.2 per cent per year3, and that is in the situation on the ground is that the emissions are what
upper range of SRES. I just wanted to point that out they are. China is emitting about half a ton of carbon
as well. Before I come to the second question, let me per person whether you measure Chinese aZuence
also say that great progress has been done in the and standard in PPP or market exchange rates. There
PPP data in particular with the International are compensating mechanisms in one shifting from
Comparisons Projects, so the data is quite available one to another—in measuring economic activities in
on the expenditure side, but one of the big issues is purchasing power parity results in lower energy
that we often deal with trade. In particular in this intensity and carbon intensity and lower all of the
kind of long-term scenarios, it is not only trade in oil other physical intensities of the economy. China in
and other commodities, in the future there might be PPP has about four times higher GDP than in market
also trade in pollution, in carbon, for example. That exchange rates, but it also has about four times lower
occurs at a market exchange rate; and not in carbon energy intensity, so the emissions at the end of
PPP terms. There are also some other reasons, the day are the same; and in history that is, of course,
depending on the question, for why most scenarios the same. If you use Angus Maddison’s PPP data for
stay with the MER (the market exchange rate) history or whether you use market exchange rate data
calibration. I think there is no universal approach to for GDP and we look back in time, emissions
that (and expect that both PPP and MER will factually do not change because they have been
continue to be used in parallel). Another barrier to estimated from physical quantities, like how much
using PPP more widely is that the data are very sparse coal was used, how much oil was used, and in
still. My personal impression is that they are about principle the same thing should hold for the models
100 times more sparse than the market exchange rate and for the future scenarios, and in our case (IIASA
data. In particular, they are mostly expenditure scenarios) it does, and in our model of calibration it
oriented, there is very little information about the does so because of the oV-setting mechanisms. So,
input, output relationships that we need in many of when we evaluate one country in PPP terms and its
the models—for example, production accounting, possible development trajectory for the future, the
and so on. The last thing I want to mention is that the energy intensities of that country are lower than if
engineering models of the types that we use (at they would have been estimated in the terms of
IIASA), model individual facilities, they use prices to market exchange rates and carbon intensities are
do that, and when we achieve cost minimum in the lower, so those two things oVset each other so that
model, according to the theory, that is called the the emissions are in principle the same4. In practice
duality theory, that is supposed to emulate an the models are complicated, so I use the words “in
location of very scarce resources by competitive principle”. In practice it is very complicated and one
markets. In other words the model is supposed to cannot turn all of the knobs and whistles always

ideally, so there might be some discrepancy. In fact,3 Maddison’s contribution to the 2002 OECD publication
“Development is Back” gives global GPD per capita growth rate maybe you have had evidence to that account in this
of 2.1 per cent per year between 2001 and 2015; the International Committee. For example, Dr Rich Richels andEnergy Agency in its 2004 World Energy Outlook gives global

Professor Alan Manne in their PPP calibration of(PPP) GDP per capita growth rate of 2.2 per cent per year
between 2002 and 2030; and European Commission 2003 report their model MERGE come up with 18 per cent
World Energy, Technology and Climate Policy Outlook gives
(PPP) GDP per capita growth rates of 2.3 per cent per year 4 Higher GDP in terms of PPP is associated with lower emissions

intensity of GDP. The two factors cancel out resulting in thebetween 2000 and 2010, 2.1 per cent per year between 2010 and
2020 and 1.8 per cent per year between 2020 and 2030. same future emissions
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that it is in the upper end of the range, that global perdiVerence. What other groups will come up with if
they do PPP, I cannot judge. In our case we have capita carbon dioxide emissions will increase
really gone to a great eVort to account for all of these significantly, whereas, in fact, global per capita
compensating mechanisms and we do not see any carbon dioxide emissions have remained totally
noticeable diVerence, but I know that colleagues like almost absolutely constant for the past 25 to 30 years,
Professor Richard Tol says that in his model it makes and that is an established fact. So it does seem that
a great diVerence. I do not know whether he will your scenarios are doubtful, and yet you seem to be
change his mind if he looks at some of the, let me call content simply to defend everything you have done,
it, behavioural equations (eg energy and carbon to take no notice of informed criticisms that have
intensities), but it is important to say that an energy been made. Are you aware, finally, that Professor
intensity measured in PPP of developing countries is McKitrick, a Canadian economist specialising in this
very similar to the energy intensity of this (ie area, has given evidence to us in which he says inter
developed) country. If you measure it in market alia that one of the striking diVerences between the
exchange rates it is four times higher and it looks second assessment report of 1995 and the third
more like our energy intensity perhaps 100 years ago. assessment report of 2001 is the loss of participation
So I would argue very strongly that in principle it of mainstream economists in the latter, and he gives
should make no diVerence on the future emissions details of that. He concludes, “Of even more concern
trajectories. If it does make a diVerence, then that is to me is that even after serious flaws in the SRES have
because of the lack of data, lack of time to recalibrate come to light, the IPCC has chosen to use the same
the model. From my point of view doing a model in scenarios for the fourth assessment report even
PPP instead of doing it in market exchange rates is though it is not due out until 2007.” Would it not be
almost the same amount of work as developing a new better, instead of trying to defend the intellectual
model. In any case, it is the same amount of work as capital which you feel that the IPCC has built up, if
developing a new base year for the model; so it is a you were to respond properly to the intelligent and
huge eVort. informed critiques that have been made and produce

something which is closer to the probable truth?
Professor Nakicenovic: With respect, I beg to disagreeQ328 Lord Lawson of Blaby: I would like to follow
on a number of points that you have raised. Inon with that, if I may, first, but shall try and be brief
particular the first two. I have not seen Professorbecause we are very pressed for time because of the
Maddison’s submission to this Committee, but I amdivisions that have been taking place on an important
not surprised that he says that PPP should be usedissue today. You quoted Angus Maddison as a great
because he uses PPP in his work; and I am of courseauthority, and that is absolutely right—he is on
aware of Mr Castles’ critique on a number ofgrowth rates. He has given us written evidence in
occasions, but as I have tried to say in response to thewhich he has said, among other things, “An
other questions, SRES report does also use PPP andexplanation of the importance of using PPP
it would be good to at least hear whether the expertsconverters rather than exchange rates in comparing
are contesting the fact that the report uses PPP orlevels of performance between countries and in
whether they feel it should have been done better.establishing measures of aggregate world output,
Simply to say that this is not PPP is not good enoughwith an illustration of the implausibility of using
as far as I am concerned. It is important to knowexchange rate converters in historical analysis of
what the development prospects should be and howfuturology as in the IPCC’s Special Report on
the PPP trajectory should look. It is easy to talkEmissions Scenarios.” That is his view, that your
hypothetically, but Professor Maddison’s scenarioscenarios are implausible, and he is the authority that
goes to 2015. We would have to see longer-term PPPyou prayed in aid. You say that you have produced a
scenarios developed by this gentleman and otherPPP series. Are you aware that Mr Ian Castles, a very
experts that go to 2100, and, of course, I would bedistinguished Australian statistician, again has
very happy to include that into my own assessmentsubmitted written evidence to us saying that the so-
and compare it to our results, but for the time beingcalled PPP-based figures in the MESSAGE scenarios
we are discussing most of those things hypothetically.are not genuine measures of GDP? Also, are you
There are many questions. I will try to take one at aaware that you have quoted in your preliminary
time. The comment on the population growth andremarks measures of population which go far in
that it is not credible, I would unfortunately also haveexcess of anything that the United Nations or
to reject that. The scenarios reported in this (SRES)anybody else has put as likely population growth and
book as the scenarios were done with knowledgepopulation projections for 2050, which is not all that
about the future population roughly state of the artfar away in population terms? We have a pretty good
of the year 1996, and I do have to say a few things justidea of what the population is going to be then, and
by way of introduction. In the early 1990s it was feltyet yours go way above that. You also assume, in

addition, that you get these high figures by saying that the most likely or medium population projection
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Q329 Lord Lawson of Blaby: Are we talking aboutfor the world was about 12 billion people, the top
range perhaps 18 or so. By the time we were writing emissions per capita?

Professor Nakicenovic: If you divide it by population,this (SRES) report the medium was 10 billion people.
The highest range about 15, the lowest about six they are still increasing on average, in particular in

the developing countries. It is true that in some of thebillion people. I am talking about the year 2100, 100
years from now. The two main organisations that do most industrialised countries the increase has been

relatively low over the last two decades, but in thepopulation projections for the world is IIASA that I
am aYliated with—it is a very strong demographic developing countries it is still increasing. If you take

a country like China, there is an increase, they havegroup that publishes global population projections at
regular intervals—plus, what was mentioned, the revised recently their coal statistics, so emissions are

indeed increasing around the world. I hope that IUnited Nations. Those scenarios are done very, very
seriously and also reviewed with many, many groups have addressed most of the points. I think there was

one: why the four scenarios are used if there was suchand, as it happens, the two projections do tend to
coincide. Ever since this (SRES) report has been strong evidence that the scenarios should be revised.

As far as I know, IPPC or its fourth assessmentpublished the population projections have been
revised, and that is perhaps the biggest change in the report is going to not develop new scenarios—that is

simply not possible from my point of view5—but it isliterature since the publication of this report; and so
that you have a feeling for the order of magnitude of going to review all of the new literature. I have tried

to give a glimpse to this Committee of my ownthe exchange, the medium projection is now no
longer 10 billion people but about eight billion analysis of how the literature looks. There is some

revision on the population, there is very littlepeople; the higher is now in the range of about 12 and
the lower is in the range of about four instead of six. revision, if any, on the economic growth rates across

the range, on the technology it is very similar, andOne way to imagine it is that the global population
100 years from now is moving by two billion people certainly the range of the emissions is still valid as
down. That can be good news, of course, but it can published in this (SRES) report vis-à-vis the new
also be bad news. The bad news is that the population literature. I just want to stress that, because we put
is ageing and we will probably have to invest quite a quite a lot of eVort into looking at most of the new
lot in many of the support systems for the elderly sources.
population, but that in many of the developing
countries that have a rampant and explosive

Q330 Lord Layard: I want to come back to the issuepopulation growth the population is going to be
that was raised just now of whether the special reportlikely lower. I would like to pose the following
receives little exposure to mainstream economistsargument just to conclude on the population issue
and national accountants. Is this a fair impression(and this is a fact underlying the scenario literature
and do you yourself have views as to how the scenariobehind this report and the new literature), that higher
might be improved?the rates of economic growth usually are associated
Professor Nakicenovic: Many of the colleagues whowith lower population—I think that is good news—
participated in writing this report and in particular inbut also with lower rates of emissions growth. It is
modelling are economists, I would say roughly aboutnot necessarily true that high economic growth rates
a third are of the economic profession. I am trainedlead to the highest range of emissions. High economic
as an economist and I am Professor of Energy andgrowth rates, because there is lots of capital
Economics. There were a number of colleagues alsoinvestment, lots of research and development, lots of
who are very, very close to national accountants thateducation and capacity building, usually mean that
have been associated with the (SRES) exercise. Ithe newest technologies are applied, and usually the
think it is probably unfair to say that it wasnewest technologies are not only the saving of the
completely decoupled from the mainstream,input of energy but they are also emission saving; so
whatever that might mean, economic profession. Inhigh growth scenarios do tend to have, everything
particular, the larger energy modelling communityelse being equal, lower emissions than the low growth
and the economic modelling community in generalscenarios. I think that is also important to keep in
has a number of networks in which scenarios aremind. Then it was stated that per capita emissions
compared all the time, for example the Energyhad not increased in the world. That is simply not
Modelling Forum at Stanford University with whichcorrect. Per capita emissions have unfortunately
the authors of this (SRES) team had very strongincreased over the last 200 years and continue to
collaboration and many of those were actually leadincrease. In the long term the average per capita
authors and who are themselves economists. Let meemissions increase is about point 5 per cent to about

point 7 per cent per year. Every year emissions 5 Because the process takes a lot of time and requires a large eVort.
It would indeed be possible to develop a new set of scenarios forincrease because the population is increasing a little
the next assessment report. There are many new scenarios in thebit over 1 per cent. We have 1.7 per cent increase in literature since the publication of SRES and these are being
reviewed and assessed.total emissions.
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of time on the issues of how to deal with PPP, how toalso mention Dr Knut Alfsen, who is the Director of
Research at the Statistics, Norway. He was calibrate models in PPP, and also spent lots of time

discussing what is new in the literature and howappointed as the lead author of this (SRES) report,
and, as far as I know, is the lead author of the Fourth representative these (SRES) scenarios are to what

extent are they up to date five years later.Assessment Report as well and, I believe, was also
cited in this Committee as the Norwegian who did a
very good study on the GDP. That is Dr Knut Alfsen. Q331 Lord Skidelsky:We were able to show that the

global per capita CO2 emissions level is a stationaryThe other person from the Statistics community who
was involved was Dr Ton Maders from the Central constant, neither drifting nor turning upwards, and

the trend has not changed for several decades and,Planning Bureau in the Netherlands Bureau of
Economic Policy Analysis. He was also involved in indeed, is trending slightly downwards since the early

1980s. That is Professor McKitrick. Is he wrong? Itthe IPCC scenario exercise. Let me also briefly
mention that, after the initial discussions with Mr is directly contradictory to what you said. Is he just

wrong? You are asserting he is wrong?Castles and Professor Henderson that took place in
Amsterdam two years ago, we had attained an Professor Nakicenovic: Yes, at the world level he is

wrong, not necessarily in every single country6.agreement to organise a scientific meeting to deal
specifically with this (PPP issue), and to invite people
who have been doing PPP, but then there have been Q332 Lord Skidelsky: He is talking the world over?

Professor Nakicenovic: The world over.lots of polemics and public discussion and some of us
decided to go along with that idea; and so we did have
a meeting in Stanford exactly a year ago that Q333 Chairman: That is a good question and a clear

answer, if I may say so. Can I say to you, first of all,included, for example, Professor Alan Heston, who is
one of the key people in the PPP area, and many I am sorry that we interrupted you, but you managed

extremely well to keep coherent and clear and we areother colleagues. I understand there was a meeting at
OECD later last year, in which I did not participate, very grateful to you for coming to us, for giving us

your very clear views on the issues that we areso I cannot report on it, and I believe it was
mentioned also in the proceedings of this Committee concerned with. It has been a great help to the

Committee. I am very grateful to you. Thank youthat in January there was a meeting that was
organised by IPCC that spent a considerable amount very much.

Memorandum by Professor Dennis Anderson, Centre for Energy Policy and Technology (ICEPT),
Imperial College London

I wish to thank the Committee for inviting me to submit evidence to its inquiry. My knowledge of the subject
is not encyclopaedic, and my recent research has focused more on the engineering and economic aspects of
energy technologies and policies than on climate change itself. I have observations on three topics:

— Estimates of economic damage of climate change—or the benefits of its mitigation.

— The economic costs of mitigation.

— Economic aspects of the work of the IPCC.

1. The Economic Damages of Climate Change

Scientific opinion as to the likely magnitude of the environmental consequences of climate change ranges from
deep scepticism to deep concern. Economic analysis of the benefits of abating the damages, it seems to me, is
heavily tilted towards the sceptics. For example, a recent review42 of the economists’ estimates concludes that
the marginal social costs of carbon, without equity weightings, is in the range £3–6/ton of carbon, £3–15/ton
with equity weightings or £4–27/ton if a time varying discount rate is used.

This is close to saying that the consequences of climate change are trivial from an economic perspective,
worthy of a carbon tax (taking the average of this range to be £15/ton C) that would add less than 1.0p per
litre to the price of petrol and 0.3p per kWh—about 4 per cent—to the average retail price of electricity. The
economic damages arising from unleaded petrol and acid deposition from coal-fired power stations were each
imputed to be appreciably greater than this, and to warrant greater expenditures on their abatement than
would the prospect of climate change. Economists making such estimates are clearly on the side of the deep
sceptics of climate change.
42 David Pearce (2003) “The Social Cost of Carbon and its Policy Implications.”Oxford Review of Economic Policy.Vol 19, No 3, 362–80.
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This is not the place to dwell on the importance of scepticism in the search for scientific truth. By definition,
however, sceptics (and the deep sceptics above all) must also ask themselves, what if we are wrong? It is in this
spirit that I raise just three of several shortcomings of current economic analyses of the social costs of
climate change:

1. The possibility of threshold eVects is generally ignored. Yet threshold eVects are a common concern
in the scientific literature, for example in journals such as Nature and Science. Examples would be
methane releases with a warming of the permafrost, the long-term implications for water supplies (in
Asia in particular) arising from the retreat of glaciers, the switching oV of the Gulf Stream, and the
thawing (partial or complete) of the Greenland ice cap; but there are several others.

The damage functions that appear in the models of the economists are simple functions of the global
average temperature of one quantity or another, such as the upper layer of the ocean, which in turn
is related to a simple function for estimating carbon accumulations. There is no positive feedback
mechanism, for example, linking carbon releases from the permafrost to surface temperatures, no
temperature related function aVecting the behaviour of the Gulf Stream, nor do I see anything in the
equations to relate damage (eg glacier retreat, or damage to the rainforests) to the history of
temperatures: damage is related to temperatures at a particular level of carbon accumulations at a
particular point in time. In short, the climate damage function commonly assumed is a gross
oversimplification.

Attempts to allow for the possibility of threshold eVects indicate that the costs of damages would be
several times higher—possibly an order of magnitude higher—than indicated above.43 These
estimates are, moreover, first cuts. Professor Nordhaus, who has made an attempt, candidly states
“because the sources of abrupt climate change are poorly understood it is diYcult at present to link
economic policies to abrupt climate change . . . knowledge [of which] is extremely thin.”44

2. The damage functions are falsely assumed to have the characteristics of a reversible process. If we were
to gradually shift to a process by which carbon accumulations were stabilised, or even to begin on
a process of carbon decumulation (a not infeasible possibility), the economists’ damage functions
imply that all the damage would eventually be undone. I raise this point not to argue for the
desirability or otherwise of beginning a process of de-cumulating CO2 in the atmosphere, but to
suggest that the damage function is scientifically mis-specified. The eVects of climate change are not
reversible processes.

3. The treatment of uncertainty. A recent review of published studies finds the mode of the estimates of
the damage costs to be $5/ton of carbon, the mean $104/ton, and the 95 percentile $446, but then
concludes that the marginal costs of damage are unlikely to exceed $50, roughly the upper limit of
the range found in UK (of £4–27/ton C) studies.45 Such estimates evidently dismiss the work of those
who have come up with higher estimates than above.

The treatment of uncertainty in economic studies is with few exceptions46 shoddy. Outliers (even
within the 95 per cent confidence interval) are ignored, scientific uncertainties on the nature and
extent of climate change itself and of its possible impacts are dismissed where they lead to
inconveniently high estimates of damage costs, there is an excessive focus on mean “certainty-
equivalent” values, and irreversibilities are neglected—all this despite a now significant economic
literature on decision making under uncertainty which finds that, when uncertainties are large, and
when the eVects of not investing would be irreversible, the best policy is to develop options, as
discussed below.

In sum, the benefit estimates so far are too unreliable to use, and rest too much on deterministic
methods. We should turn instead to the economic principles that have been developed to cope with
uncertainty and irreversibilities, namely those concerned with the development of options. We need
to address the question:

43 Eg those of Nordhaus and Boyer, as reported in the review by RSJ Tol, S Frankhauser, RG Richels and JB Smith (2000) “How much
damage will climate change do?”. World Economics, Vol 1, No 4, October–December: 179–206.

44 WD Nordhaus (1999) The Economic Aspects of Abrupt Climate Change”. Paper prepared for a meeting on Abrupt Climate Change:
The Role of Oceans, Atmosphere, and the Polar Regions, US National Research Council, January 22, 1999.

45 RS Tol “The marginal costs of carbon dioxide emissions: an assessment of the uncertainties” Centre for Marine and Climate Research,
Hamburg University. Working Paper FNU-19, April 10, 1993.

46 One exception is the treatment of uncertainties in discounting the future. David Pearce, Ben Groom, Cameroon Hepburn and Phoebe
Koundouri (2003). “Valuing the Future: Recent advances in social discounting.” World Economics. Vol 4, No 2. April–June.
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Given the uncertainties and the possibility of threshold eVects, what sorts of policies are appropriate for
developing the options for mitigating climate change?

A carbon tax is among the array of policy instruments suggested by this question, since it is ideal for
encouraging the development of carbon-neutral options. But its level needs to be decided not on the
basis of scientifically unreliable analyses of the expected marginal benefits of mitigation, but in
response to the question—will it lead to the development of options for responding to climate change
if it turns out that the deep sceptics are wrong?47

2. The Economic Costs of Mitigation

Technological Options

There is a broad range of carbon-neutral options available or emerging for addressing climate change. They
have been reviewed in a number of studies by industry, academics and government committees:48

(i) Carbon capture and storage from fossil power plants. There are several possible routes, one being
the pre-combustion production of hydrogen and CO2 (from natural gas or gasified coal), geological
storage of the CO2 and the use of hydrogen for electricity generation. The CO2 could be used for
enhanced oil or coal bed methane recovery on a low carbon cycle, an option that has been mooted
for depleted oil fields in the North Sea.

(ii) Carbon capture and storage from hydrogen plants. A similar process to (i), with the hydrogen
produced being used directly in buildings, industry and for transport fuels.

(iii) Carbon capture and storage from synfuels plants.The production of liquid fuels (synfuels) from coal
on a large scale is a well known practice.

(iv) Nuclear energy.

(v) Substitution of natural gas for coal in power generation. There is still much scope for this, especially
in Asia.

(vi) Renewable energy from wind, waves, tidal streams and photovoltaics—which is capable of producing
energy on a very large scale. PVs are especially promising in the developing regions, where the
energy yield is nearly three times higher than in the UK, and is better distributed throughout the
year. The oVshore resource is promising in the UK.

(vii) Use of biofuels for transport, and biomass wastes for combined heat and power.

(viii) Hydrogen from renewable energy to replace fossil fuels in transport—for use in high eYciency fuel
cell cars.

(ix) The hybrid vehicle.

(x) Fuel cells and micro-generators for decentralised forms of combined heat and power. These are
promising high-eYciency options.

(xi) A range of options (too numerous to list here) for improving energy eYciency in buildings, industry
and transport.

(x) Storage technologies—to address the much-discussed “intermittency problem” associated with
some forms of renewable energy

Two Dimensions to Policy, not One

The case for a carbon tax (or the alternatives of tradable carbon permits) remains, and the point has been made
many times by HoL and HoC Committees and many other parties that the UK’s Climate Change Levy—
which is really an energy tax unrelated to carbon emissions—should be transformed into a carbon tax, and
applied to all hydrocarbon fuels based on their CO2 emission intensities.
47 More technically, it is the option value not the expected marginal benefits of a policy that is the appropriate basis for a policy when we

don’t know what the expected benefits are.
48 See eg Pacala S and Socolow R (2004). Stabilisation Wedges: Solving the Climate Problem for the Next 50 Years with Current

Technologies. Science, Vol 305, Issue 5686, 968–972. President’s Committee of Advisers on Science and Technology (PCAST,1997).
Recommendations of the President’s Committee of Advisors on Science and Technology, Panel on Energy R&D for the 21st Century,
November. Anderson, D and Gross, R (2002). Assessment of Technological Options to Address Climate Change: A report for the Prime
Minister’s Strategy Unit. Imperial College Centre for Energy Policy and Technology. December. The well-known scenarios of the
Royal Dutch Shell Group have reviewed the possibilities on several occasions.
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In addition, it will be necessary to develop policies toward innovation in carbon-neutral technologies, through
RD&D programmes and incentives for the commercialisation of new technologies. This point has been
accepted by all governments in OECD, including the US, which arguably is at the forefront, and several
developing countries such as China, India and Brazil. Hence there is a good base to build on both to develop
national policies and for international co-operation, a possibility that has been recognised by the Prime
Minister himself, most recently in his current capacity as president of the G-8.

Costs

The estimated costs of reducing carbon emissions by 40–60 per cent over the next half century range from 0.0
to 4.5 per cent of GDP, with a few outliers above and below this range; the average is 2° per cent. The following
table summarises the estimates of 40 studies undertaken over the past decade. 2° per cent of GDP is of course
appreciable in absolute terms, but would be small in relation to the growth of economic output, which is likely
to be several 100 per cent higher in 50 years’ time than it is today. A long-term transition to a low carbon
economy would unlikely be disruptive to long-term economic growth.

Table 1

ESTIMATED % GLOBAL GDP LOSSES FOR A 50–70 PER CENT LONG TERM REDUCTION OF
CO2 EMISSIONS: NUMBER OF STUDIES WITH ESTIMATES IN THE RANGES SHOWN49

Mean
value of

% Global GDP losses v
"
0.0– 1.0– 2.0– 3.0– 4.0– losses,

(range) 1.0 2.0 3.0 4.0 ( Total % GDP
"
5.0

Barker et al (2002) 3 7 8 3 7 28 2.6
Grubb et al (1993) 3 1 6 1 0 11 2.0

Totals 6 8 14 4 7 39 2.4

US studies reviewed by Grubb
et al (1993) 3 2 7 1 2 14 2.5

The main reason why the costs may be higher than the mean estimate of 2° per cent of GDP is the problem
of cost escalation: the costs of the carbon neutral technologies may turn out to be higher than projected, a not
unusual occurrence, as may be the costs of improving energy eYciency.50 There are, on the other hand, several
reasons why the costs could be lower: the costs of the “marker” technologies such as natural gas and oil could
rise with the growth of world demand (most studies assume the costs of oil to be x$30/barrel, which already
looks distinctly low); the rates of technological innovation may be higher than assumed; and there may be side
benefits, such as the local and regional environmental benefits of the carbon neutral technologies and
practices.

There is an exception to the conclusion that the eVects on the level and growth of GDP are likely to be small.
It is that, if the transition to a low carbon economy were to be pushed to extremes over a very short period
then costs would indeed be high. A study by the US EIA (cited by the Administration as a reason for
withdrawing from Kyoto) estimated that a 7 per cent cut in CO2 emissions (relative to 1990) by 2010
implemented over the four years 2005 to 2008, would lead to a loss of 4.2 per cent of GDP by 2010, or around
$400 billion. This result is not surprising since emissions in the US have already grown by 15 per cent since
1990, and meeting the target would now require the US to cut emissions by 25 per cent relative to what is
projected for 2010; thus a rate of reduction of 6–7 per cent per year would be needed to meet the targets—five
to 10 times faster than the UK’s already ambitious targets for the period 1997–2010. It would entail the
49 Grubb M, Edmunds, J, Brink P and Morrison M (1993). The costs of limiting fossil-fuel emissions: a survey and analysis.Annual review
of Energy and the Environment 20, 71–81; Barker T, Koehler J and Villena M (2002). The costs of greenhouse gas abatement: a meta-
analysis of post- SRES mitigation scenarios,Environmental Economics and Policy Studies,Vol 5, 2002, pp 135–166. Nb: In most studies,
the 50–70 per cent reduction occurs in 50 years’ time, and is consistent with larger reductions and the stabilisation of accumulations
beyond then.

50 The 2° per cent estimate, however, corresponds roughly to a doubling of final energy costs to the consumers, and is thus conservative
on the scope for cost reductions through innovation.
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premature closing of coal mines and coal-fired stations and many other extra-ordinary changes in the energy
system; and it would allow no time for innovation to reduce costs. Policies require a flexible and a phased
response if costs are not to be extra-ordinary.

3. Comments on the Economic Analysis of the IPCC

I have not been involved with the work of the IPCC, other than making a marginal contribution to the
discussions on emissions scenarios (SRES report) seven years ago. Overall, I find the reports balanced, well-
referenced and informative, and that the work of the IPCC is conducted in an admirably open spirit. Lastly,
the products of Working Groups I and II on the modelling of climate change and its impact seem to be well
reflective of the possibilities ahead, while Working Group III has provided estimates of future energy demands
and emissions that seem to me realistic and defensible, if perhaps on the low side.

For example, the world’s energy demand today is approximately 400 Exajoules (EJ); the SRES scenarios
estimate that this could roughly double (the “B” group of scenarios) or triple (the “A” group) in the next half
century, depending on assumptions about rates of economic growth, populations, income elasticities and
various other parameters. These are reasonable estimates. Developing countries, for instance, currently
account for 150 EJ or less than 40 per cent of world energy demand, and two-fifths of their populations are
still unserved with modern energy forms. Yet within 50 years their populations are likely to be 7–10 times
higher than in the rich countries; economic growth rates in populous countries such as India and China are
exceedingly high; and their per capita income elasticities are in the range 1.0–1.5 (two to three times those of
the rich countries, whose income elasticities are declining as markets mature). Putting such facts together does
indeed indicate that world energy demands could rise 2–3 fold in any scenario of economic success in the next
50 years—and possibly by much more.

I have two comments. First, there is a tendency, not only within the IPCC, to think of the “B” scenarios as
being the “good” scenarios because they have lower energy demands and, by assumption, lower emission. I
do think this is wrong. There are few pieces of economic news more encouraging for instance than those of
China achieving a long-term economic growth rate of 10 per cent per year, and of India—having seemingly
been stuck at barely 3 per cent per year for decades up to 1970—lifting its growth rate to 8 per cent per year.
(Both countries, incidentally are graduating over 250,000 scientists and engineers each year, each
15 times the number graduated in the UK, and are likely to become sources of innovation in new energy
technologies.) Secondly, emissions depend less on the level of energy demand than on the ways energy is
produced and used. I argued, without success, that it is the higher growth scenarios, with, indeed, perhaps
higher energy demands, that are the more interesting; being associated with higher rates of innovation in
energy technologies and practices, they are also likely to be the more “environmentally friendly” ones.

Second, the so-called “storylines” behind the scenarios are complicated and confusing, so much so that they
have obscured their central message. This is that the diVerence between the scenarios of high and low emissions
rests on technological development—and on all the policies that bear on it. It has been shown, I think
convincingly,51 that a low carbon future is technologically and economically feasible even—or perhaps
especially—in the high growth scenarios. I hope the Fourth Assessment will revisit the scenarios of economic
growth, especially in developing regions, and will be clearer as to the possibilities for the mitigation of
climate change.

4. Conclusions

1. Economists’ estimates of the marginal benefits of mitigating climate change are unreliable: they err on the
side of the “deep sceptics”, ignore possibilities for threshold eVects, and ignore irreversibilities. A better basis
for policy would be to address the question, which policies would be most eVective for developing the
technological and resource management options for mitigating climate change?

2. There is a rich and diverse array of technological options and practices for both the mitigation of—and,
not discussed above, adaptation to—climate change. A carbon tax combined with an innovation policy would
seem to be the best approach to developing the options. All OECD countries, most of all the US, and a
significant number of developing countries, have accepted the case for an innovation policy, and there is an
excellent opportunity for an international initiative in this area. In the UK it is also time that the so-called
Climate Change Levy was transformed into a carbon tax, with its level being based on an assessment of its
practical eVects on the development of options.
51 See footnote 7.
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3. As to economic aspects of the work of the IPCC, I would suggest:

(a) The often tacit assumption that moderate economic growth rather than high economic growth is in
some sense of the term more “sustainable” needs to be questioned, particularly in developing regions,
where improved rates of growth would be far more favourable to development and the environment
in the broadest sense.

(b) The confusing “storylines” behind the scenarios need to be simplified such that the central message
of the scenarios becomes clear: this is that the diVerence between the high and low emissions
scenarios turns fundamentally on technology development and use—and thus on all the policies that
bear on these factors.

25 February 2005

Examination of Witness

Witness: Professor Dennis Anderson, Imperial College, examined.

Q334 Chairman: Professor Anderson, you are economic damage are bound to be extremely
welcome. uncertain. I do not think they are good enough yet as
Professor Anderson: Thank you. a basis for policy-making other than to confirm the

general point that we need policies of some sort or
another. They are not good enough to get into the

Q335 Chairman: I saw you sitting there, so you specificities of policy-making. I think the ranges that
know the slight disorganisation that is likely to we see in the estimates are from $5 per ton of carbon
happen to us as we try to deal with terrorism at the emitted to over $450 per ton of carbon emitted. The
same time as the subjects about which you have distribution is very skewed, and according to some
kindly come along to talk to us. The usual rules apply

studies the $450 per ton is the 95 percentile but, weon this rather tricky day: we can try and keep the
are even uncertain about the spread of thequestions as short as we can and you keep the
distribution which it is extremely wide. Why shouldanswers as short as you reasonably can, but we are
this be the case, apart from the obvious uncertaintiesmost anxious to hear your views. If I may start. In
about climate change itself? I think the majoryour written evidence you are very critical of the
omission (this is my second point) in many studies iseVorts made so far to measure the global damage of
the lack of analysis of the so called threshold eVectsclimate change in monetary terms. You suggest, for
of abrupt climate change. The Gulf Stream isinstance, a figure of £15 per ton of carbon as a social
occupying a lot of attention of scientists. But fewcost translates to a mere penny per litre of petrol, but
economic studies have really traced through what theProfessor Mendelsohn of Yale University has
implications would be for, say, the Europeanprovided us with written evidence in which he says
economies (I will mention one economic studythis figure is no more than £3 per ton of carbon, only
shortly). But there is another potential thresholda fifth of the amount you quote. My question is quite
eVect which to my knowledge has not been studied ateasy: can you reconcile those two positions?
all (I will stand corrected on this if I am wrong); it isProfessor Anderson: Yes. Let me, first of all, make the
the gradual warming of the permafrost and thepoint that eVorts to estimate the economic damage of
release of methane that may arise from that. I do notclimate change, are exceedingly important: we need
see in the economic literature that I have read anyto understand what its implications are for our
feedback mechanism that would allow for this byeconomic future. Since I am supportive of the eVorts,
increasing the rate of emissions to the atmosphere.my criticisms are really made in a constructive spirit.
Another eVect which scientists at the Hadley CentreI make three points. First, because of the uncertainty
mentioned to me is the possibility of the thawing ofof climate change and its impact, the estimates of
the Greenland icecap. Those are just three examples.

6 Global energy-related carbon dioxide emissions have increased As far as I know, there has not been a really seriousat about 1.7 per cent per year during the last 30 years while
attempt to estimate (a) what the probabilities ofpopulation increased 1.6 per cent per year (IEA World Energy

Outlook 2004 or BP 2004 Statistical Review of World Energy). occurrence, although quite low, will be and (b) what
At face value this might imply that per capita increase was very

the economic impact would be. I think those arelow or stationary. However, per capita emissions are rapidly
increasing in developing countries, so that temporary per capita major emissions may even enlarge the spread of
decreases in the “North” during the late 1970s and 1980s no estimates we have seen. Third you mentioned thelonger oVset this pervasive development. In fact, global carbon

estimates of Professor Mendelsohn. I would like todioxide emissions have increased at 3.1 per cent per year during
the last three years (2000 to 2003), while population increased at come back again to his estimates later. He draws
1.2 per cent per year, leading to per capita emissions increase of heavily on the influential study by Professorabout 1.9 per cent per year, well above the average historical
experience of the last 200 years of 1.7 per cent per year. Nordhaus and Dr Boyer on global warming. They
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Q339 Lord Skidelsky: Over? By?have actually allowed for one form of threshold
eVect, but if you look at their carbon emission Professor Anderson: Over the century. I have to add
scenarios and the rate of technological change that they give a low probability for that, about 4 to 5
embedded in the model their base case (or if you like) per cent. With a 2 degrees Celsius rise they only give
business as usual scenario comes out with a fairly low a 1 per cent probability of that sort of thing
level of emissions and a low level of concentrations. happening, but overall it makes a very big diVerence
They are starting out from a very benign scenario. to the estimated damage cost. When they do all their
The temperature rise which they consider in their probability and risk weighting and averaging for a
business as usual case is 2.5 degrees centigrade temperature increase of 6 degrees centigrade they see
whereas the IPCC reports say rises in the range of two a 10 per cent drop in world GDP. For a 2.5 degree rise
to six degrees centigrade are quite plausible. Since they see a 2 per cent drop in world GDP. Those are
they have started out with a very benign case, in a the estimates. I am sorry to digress, because I want to
sense it is not surprising that they only estimate a come back to your question (on the costs of slowing
small reduction in the cost of damage from a climate change). They are respectable estimates I
marginal change in emissions. have seen. Turning to the cost of slowing down
Chairman: I think we have got on to question two. Is climate change, if you wish to think of what the costs
there anything you want to add? would be in billions or trillions of dollars, the

numbers—you are quite right—are very large. The
value added in the energy industry today is roughly

Q336 Lord Marsh: To put it mildly, we are getting $1.5 trillion, and the turnover (and this is a back of
very diVerent impressions of the costs of slowing the envelope estimate) is about $4 trillion. With the
down climate change. I am saying that a target of 550 growth of the world energy industry, especially, one
parts per million CO2 is just a minor change in the would say, in Asia and Latin America, one can easily
projected economic growth and we will hardly notice see those numbers doubling or tripling; so we are
the diVerence. In your written evidence you seem to talking in 50 years’ time about a value added of $5
side with the second proposition, but is it not sleight trillion, and a turn-over of perhaps $15 trillion. These
of hand to turn what would in fact be very real and are only ball-park estimates. It follows that any
very large sums of money into something we will change in the costs of energy, and it is quite
hardly notice by expressing it relative to forecast conceivable that the cost could rise by 20 or 50 per
economic growth rates? cent, would amount to trillions of dollars, and I do
Professor Anderson: First of all, expressing cost not think anyone has tried to hide that fact. By the
relative to the level and growth of output is fairly same token (as I gather you will be interested in my
common practice, and it is also used, incidentally, on views on technologies) it is also possible that
the damage side as well as the cost side. I will come technologies may reduce the costs of energy and
back to the costs in a minute, but it is worth quoting make savings, perhaps not of a similar magnitude but
the study of Professor Nordhaus and Dr Boyer who still very large. I would agree with you that very large
have made an attempt to allow for threshold eVects. and real expenditures will be involved in moving
If you have no threshold eVects, they say the eVect on away from the high carbon system that we have now
GDP may be in the long run about 2 per cent of GDP, to a low carbon one.
but when they start looking at only one threshold
eVect, the turning oV of the Gulf Stream, they
attribute various probabilities to this but they think Q340 Lord Marsh: The magnitude that you quote
it would be 44 per cent of GDP in Europe, 44 per cent would be such that it would presumably bring a lot of
of GDP in India and 22 to 34 per cent of GDP in governments to a stand-still and they think that a
other countries. In other words, they are looking at future government will be not able to aVord it. One
catastrophic events which have a low probability, of the things that worries some of us is that if you take
and their precise numbers on probability are— the British Government, it assumes this is a problem,

and, secondly, that the problem can be solved. I do
not think many people seem to be looking at aQ337 Lord Layard: What are these percentages?
political level at what the costs of solving thatProfessor Anderson: There is a low probability in their
problem or even slowing it down would be involved?assumptions of a 44 per cent loss of GDP in Europe
Professor Anderson:Yes. I would certainly not wish towith a catastrophic change and roughly 22 to 34 per
say, especially to this Committee, that governmentcent in other countries.
expenditure support would be needed to meet all the
above costs. I think most could be internalised
through market based mechanisms through taxesQ338 Lord Skidelsky: That is over the period—
and various other incentives. I would not argue thatProfessor Anderson: That is what would happen if the
it would involve massive government expenditures. Itemperature rose, in their judgment, by 6 degrees

centigrade. think costs should be internalised in private
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this is a promising option that has been looked at forinvestment decisions through market based
instruments. We may be looking ahead to cost North Sea oil. This would produce hydrogen for

domestic use, for power generation or for industry.increases of energy of perhaps 25 to 50 per cent, but
also to possible reductions in the cost of energy of There is a full range of renewable energy options. I

think the oV-shore resources are especially large. The25 per cent, we just do not know yet. The estimates
depend on one’s views on innovation and the future solar technologies are attractive, especially in

developing countries and southern climates wherecosts of fossil fuels.
the incidence of solar energy is nearly three times
what it is here, and it is better distributed throughoutQ341 Lord Marsh: It is the increase. Politicians will
the year. There is a lot of good research going on inbe well aware that they probably go slowly on the
that area. There is biomass from wastes and biomassincreased costs because you just push it out of the
crops for heat. And there is nuclear power7. I wouldrealm of people being able to cope with it?
add that in developing regions, biomass could also beProfessor Anderson: Of course I would not want to
grown in a way that would help to restore degradedtrivialise the costs and diYculties of climate change
lands and watersheds, so it would have significantpolicies at all. I agree with you. I would add that the
other benefits too. There is also decentralised heatrecent $20 per barrel increase in crude has added half
and power, which is very promising; this could bea trillion dollars of new expenditure on crude oil
provided initially through using gas supplies toworldwide, so we are dealing with massive
power small turbines of a few kilowatts in one’sexpenditures—changes in costs and prices can have
home, or using larger—but still small-scale turbineshuge eVects—amounts, and, of course, the eVects of
in commerce and industry. While the energy source inchanges in oil prices are all absorbed internally in
the short run would be gas, in the medium term athe market.
mixture of hydrogen and gas could be used, and
finally hydrogen. Hydrogen could be supplied from

Q342 Lord Sheppard of Didgemere: Could we ask nuclear power and/or from renewable energy, in fact,
you to comment from your knowledge of low carbon you can generate it from virtually any energy source.
technologies and estimating their costs? In part you Its great attraction is, firstly, it gives you a means of
have just mentioned that anyway, but if the storage and, secondly, of course, if it is generated
consensus is right, the world needs to move fairly from a non-carbon source, it is a carbon-neutral
quickly on this subject over the coming decades. source of energy. Also, it would solve the
Various people have stressed to us the importance of intermittency problem for renewable energy.
hydrogen in economic activity and nuclear fusion.
Have you got any particular bets for us and in part
you have just said, how do we encourage the private Q343 Lord Layard: We are talking about a world
sector as well as governments to move on this? public good and it raises the question of the role of
Professor Anderson: I certainly think hydrogen public expenditure in promoting technological
features in long-term economic analyses of energy programmes because of some basic procedures
futures, for reasons I can explain later. As to the involved. Can you give us any feel of what is
technologies that either are available now or could be mentioned? If we spent as much on this as we spent
developed further, I think the possibilities have been on getting a man on the moon, what chance is there
very well documented. I have noted in my written that we could basically solve our problem by
testimony that there are several very good sources. producing energy which is so cheap that people
There is one headed by Professor Goldenberg for the would prefer it to the carbon-rich energy we have at
UNDP and the World Energy Council, which my the moment?
colleague Professor Nakicenovic served on. There Professor Anderson: First of all, industry,—I forgot to
were two outstanding reports by President Clinton’s mention fuel cells—is putting a lot of eVort into the
Committee of Advice on Science and Technology, development of these sources of energy. The
there was a review last year by Professors Pacala and incentives, again, could be provided through a
Socolow in Science, Shell have put out some excellent carbon tax—perhaps we can return to this subject
scenarios on the various technologies and, if I may shortly—and through direct incentives for
say so, my colleagues and I wrote a report for the innovation. We are not talking necessarily about
Prime Minister two years ago which provided a public expenditures, but of changing the incentives
synthesis. We have a rich range of options to draw on provided to energy system, such that the industry
that we know of already and many others that are would be encouraged to invest in the new
capable of development—it is a very long list. I technologies. I have not done the calculations, but I
mentioned several in my written evidence. For suspect the eVort would be much larger than that
example, we could use coal and natural gas with

7 Professor Anderson has since submitted a second piece ofcarbon sequestration, using the carbon dioxide written evidence in response to the committee’s request for more
information on this topic.released from the process for enhanced oil recovery;
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policies are absolutely tailor-made case for the caseinvolved in putting a man on the moon, but it would
be distributed across industry and would not fall in hand.
entirely—or even for the most part—on the public
budget; that would be a rough guess. That having Q346 Lord Skidelsky: Why is that? Is that an
been said, I think we need a significant increase in our example of a disconnect between this subject and
research and development expenditures by the public mainstream economics?
sector and on demonstrations projects. Professor Anderson: It could be, I do not know. There

are some studies: Professor Pindyck at MIT has made
an attempt, but the options he considered were toQ344 Lord Skidelsky: Rather than ask you to name

figures of billions or trillions of cost, which I am sure delay a policy or to do things now. Curiously he did
not trace through the possibility of the developingyou are saying you are not going to and there is no

way of working it out, I would like to ask two technological options. When one is delaying an
action, you are waiting for more information toquestions arising from your written evidence. You

say the eVects of climate change are not reversible appear before deciding whether an action is really
merited or not. However, information does not comeprocesses. Firstly, is that true of all climate changes,

because I would have thought it is true of some but like manna from heaven; it will only come with eVort.
In the case of technology development, it will onlyprobably not of others, and also it depends on the

time period of reversal? Secondly, you say the come through people making an eVort to develop and
demonstrate the technologies. I think there is a strongtreatment of uncertainty in economic analysis is, with

few exceptions, shoddy. Can you elaborate a bit on case to be made for a policy that would support
developing a portfolio of technologies. I am humblethat? Are you referring to the treatment of our

providers or just treatment of uncertainty in enough to be corrected if I am wrong, but I have not
seen much of this kind of economic analysis.economic theory?

Professor Anderson: Can I comment on the reversible
process? I agree that there are some processes that Q347 Lord Lamont of Lerwick: Can I come back to
probably are reversible and some that are not. If the the area you were discussing with Lord Layard. You
Gulf Stream is lost, for example, that would not mentioned a carbon tax, but then went on to observe
strike me as being a reversible process. The retreat of that the Climate Change Levy was not so much a
the glaciers, if this continues is unlikely to be carbon tax as a more generalised form of energy tax.
reversed, at least in a short time period. Are there ways in which you can achieve the same

ends by diVerent means? While you were talking
earlier about developing the renewables in alternativeQ345 Lord Skidelsky: In a hundred years?

Professor Anderson:Yes—and probably much longer. energy, would you argue one should go so far as to
subsidise these alternative energies for the sameAs I Mentioned, I would imagine there are some

eVects which are reversible and some which are not result?
Professor Anderson: I think the case for a carbon taxreversible, but it is the threshold eVects which are

probably the least reversible. They are low remains and is very strong. I would not want to
question that at all. If I may repeat myself, however,probability, high impact events. The treatment of

uncertainty: I think the treatment of uncertainty in I feel it should be based on the question: “What will
a carbon tax accomplish in the way of enabling us toeconomics is very good in general and there is a set of

useable principles derived essentially from the develop options?” rather than on the question: “Is it
related to the marginal benefits?”, the answer tofinancial theory of options. When dealing with

uncertainties of the magnitude we have been which we do not know reliably. I think the time has
come to reform the Climate Change Levy into adiscussing, these principles suggest that we should

invest in developing options before committing to a carbon tax and apply it to all carbon fuels in relation
to their carbon content and exempt those energyfull-blown policy, or alternatively before ignoring the

problem altogether. This seems to me a practical way forms that are carbon neutral. That having been said,
it is only one instrument and since the technologicalforward. We can develop options through policies

that encourage innovation. These policies would options are at such diVerent stages of development, I
think we also need policies to support innovationinvolve carbon tax, which would be less related to our

uncertain estimates of what marginal damages are, directly. There would be subsidies I think every
country has long accepted the case, for research andbut aimed at addressing the question, “What will it

(the carbon tax) accomplish?”. Economics itself has development and for demonstration projects. I can
see, also, that a programme, such as the Renewablesgot some very important insights for addressing the

policy problem in situations where the uncertainties Obligation, while the structure has certain problems
with it in the UK, is moving us in the right directionare large, but what I do not see are the principles

being applied to the climate change problem. It seems of providing the market incentives for people to start
investing in new technologies Except, again, it—theto me that the principles of option valuation and
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Q350 LordLawson of Blaby:Lastly, can I ask you veryRenewables Obligation—should be applied across
quickly on the carbon tax. I have considerablethe board and not just to one particular kind of
sympathy for your view that in so far as thetechnology, such as wind. I think we also need a mix
Government needs to do something on the mitigationof capital grants programmes. The people in this
front, a carbon tax does seem, at first blush, the obviousCommittee will have better ideas than I on the sorts
course, not least because it is using the market. You tiltof incentives that might be introduced to encourage
the market against carbon technologies and allow theinvestment in carbon-neutral technologies. Overall I
market to discover which of the non-carbonthink they could be structured to provide a tax
technologies is the most eYcient. Dr Dieter Helm, whoincentive to companies that are willing to press the
is obviously well known to you, gave evidence to us anddevelopment of the technologies in new directions. I
he thought, also, that the carbon tax was the best bitthink we need a combination of both a carbon tax
and that Government’s policy of picking wind power asand an innovation policy. The case for the carbon
a winner and devoting most of his resources totax, of course, is based on the external costs of climate
subsidising wind power was probably one of the worstchange. I think the case for direct support for
options. Would you agree with him?innovation is based on the positive externalities of
Professor Anderson: The House has a report which hasresearch and development which can be appreciable.
just been produced by the Science and Technology
Committee on renewable energy practicalities, which I
think has answered many of those questions. For one
reason or another, the Renewables Obligation doesQ348 Lord Lawson of Blaby: I would like to focus on
seem excessively focused on wind and it does not makesome of the things you have just been saying which are
sense to restrict it to those sorts of technologies. I servedvery interesting. Indeed they come in your conclusions
as an adviser on that Committee where it was discussed,in the paper you kindly provided us with. The one thing
for example, that biomass is a promising option.you have not touched on, which I would like to start
Biomass waste is very good for combined heat andwith, you say: “There is a rich and diverse array of
power, it will not solve the climate change problem, oftechnological options and practices for both the
course, but it could make a major contribution andmitigation of—and not discussed above, adaptation
would have a lot of other merits too.to—climate change”. I think one of the things which

puzzle us is there is so little discussion of adaptation and
Q351 Lord Lawson of Blaby: Finally, to come back tothe economics of adaptation. You have not discussed it the carbon tax: what level of carbon tax would you

in your paper and you state that. The IPCC’s treatment advocate?
of that is perfunctory—to put it at its most polite. Yet, Professor Anderson: I think one would have to look a
adaptation is bound to take place. In a sense, if a farmer little bit more critically at the figures. My guess, looking
finds the seasons are getting warmer, he will adjust the at the costs at present—forgive me if I am thinking in
strains of seeds or crops and so on, which is one terms of dollars, because I tend to think in terms of
example among many and, of course, the government world prices a lot—would be something around 50
can have a policy of helping along adaptation. This dollars a tonne as a starter and then one would revise it
must fundamentally change the economics of the issue, as we go along. If the options start emerging from that,
you have to look at the economics. Why do you think you could probably ease back, and if they did not, you
there is so little discussion of this? might have to tighten it; to some extent we have follow
Professor Anderson: I do not honestly know, but I think a trial and error or “error adjustment” process. There is
one of the best forms of adaptation is treated as a one other point if I may, the Marshall Report five years
Cinderella, which is land restoration and biomass ago suggested we should be recycling revenues from

environmental taxes, including carbon taxes, tocrops. First of all, as you say, there is a lot of adaptation
innovation and environmental ends. I still think thattaking place already . . .
would be an excellent idea and would meet a lot of the
Government’s expenditure requirements.
Chairman: I think we better draw the meeting to a close.

Q349 Professor Lawson of Blaby: Economic analysis You have a certain magic that you did not cause a
does not seem to be there. division to occur when you arrived; we are greatly
Professor Anderson: It probably is not, that is right. The impressed, if I may say so. Much more to your credit is
agricultural research stations, that are refining their the fact that you have answered our questions in
varieties every year and testing new seed-fertiliser exemplary fashion. We are most grateful to you for
varieties every year, are probably just adapting to coming. It has been very helpful to us to hear your views
climate change almost unwittingly because when they on these, as you can gather, what we find quite difficult
are trying out new species, they are trying them out in subjects, but very important ones, so we are very

grateful to you indeed. Thank you very much.a changing climate . . .
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Supplementary evidence from Professor Dennis Anderson, Centre for Energy Policy and Technology
(ICEPT), Imperial College London

This evidence is submitted in response to a request by the Committee to elaborate on certain aspects of the
evidence I submitted on 25 February and in my oral testimony of 8 March. Specifically, I was asked for my
perspectives on the “menu of technologies” for responding to climate change, and on their costs in both the
near- and the long-term. Once again, I wish to thank the Committee for their interest in my perspectives. The
note will draw on several admirable reports already available on the subject.52

Menu of Technologies

If there is one point engineers and scientists working in the energy field are agreed upon, it is that there is a
diverse range of options for mitigating and adapting to climate change. There are often painful disagreements
over which technologies would be the most appropriate or cost-eVective—as between nuclear power and
renewable energy for instance—and on the relative roles of energy eYciency and new energy supply
technologies, but there is no disagreement at all on the underlying principle that deep cuts in carbon emissions
are technically achievable, at costs that would not be prohibitive and far removed from those of using fossil
fuels. Further, engineers are of the view that there is in all areas appreciable scope for reducing costs both
through innovations in the technologies themselves, and in their manufacture, since most are modular and
capable of benefiting from scale economies and further innovations in manufacture and installation
techniques.

The following list provides examples:

— Substitution of natural gas for coal in power generation. The UK has gone a long way down this
route, on account of the economic and environmental attractiveness of natural gas. Major coal
producers and users like China and India are just beginning.

— The use of coal and natural gas for electricity generation, with the carbon dioxide being captured
and stored in geological formations. In the UK there is currently a window of opportunity for using
the carbon dioxide on a low carbon cycle for enhanced oil recovery, an option that has been mooted
for depleted oil fields in the North Sea. In many regions (depending, among other things, on the
permeability of the coal beds) it could also be used for enhanced coal-bed methane recovery, again
on a low carbon cycle.

— Nuclear power for electricity generation.

— A range of renewable energy options:

— onshore and oVshore wind. In the UK, I would especially emphasise the promise of the oVshore
resource;

— wave and tidal energy, including tidal streams, and also hybrids of wave, tidal-stream and wind
energy projects, which could reduce capital costs and improve yields;

— solar PVs. These are especially attractive in developing regions, where the incident solar energy
is 2–3 times greater than in the UK and the energy is more uniformly distributed throughout
the year;

— solar thermal technologies, both for heating and for power generation. Again, these are
especially promising in developing regions;

— biomass crops for heat, power and liquid fuels for transport. In developing regions this could
be done in a way that would restore degraded lands, forests, watersheds and ground water
resources;

— biomass wastes for CHP, widely used in Europe.

— Decentralised heat and power based on new micro-generation technologies, both fuel cells and
turbines. This would be a highly eYcient use of gas in the first instance, and of hydrogen as a carbon-
free alternative later on.

52 For instance the inquiries by both the House of Commons and the House of Lords Select Committees (and their sub-Committees) on
Science and Technology into renewable energy and the current inquiry into energy eYciency by the House of Lords Sub-Committee;
an article that appeared in Science last year by Professors Pacala and Socolow of Princeton University; the international study led by
Professor Goldemburg for the UNDP/WEC on Energy and the Challenge of Sustainability, which is a goldmine of information; various
studies by the US National Academy of Sciences; studies by President Clinton’s Committee of Advisers on Science and Technology in
1998 and 1999; the review (if I may mention it) by my colleagues and I for the Prime Minister two years ago; and two widely well-regards
sets of scenarios by the Shell Group of Companies; but there are not a few others.
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— The production of hydrogen from gas, and coal (with the carbon being sequestered). It is often
argued that this would be a lower cost route to opening up the “hydrogen economy”. The hydrogen
could serve major energy markets, eg:

— the transport market, either using fuel cells or internal combustion engines;

— heat and power in homes, industry and commerce, eg using micro-turbines or fuel cells for
decentralised heat and power;

— the industrial fuel market.

— The production of hydrogen by electrolysis from renewable energy and nuclear power, again for use
as a fuel for homes and commerce industry and transport.

— The much-discussed possibilities for improving energy eYciency in homes, industry, transport and
commerce:

— Improved vehicle fuel economy. Pacala and Socolow draw attention to the savings that would
arise if average vehicle fuel eYciency were raised from 30 to 60 mpg; the hybrid vehicle, to name
just one possibility, could take us a long way down this route.

— Improved eYciency in buildings. Buildings account for about one-third of energy consumption.
There is a huge literature—and a large industry—devoted to improving the eYciency of space
heating and cooling, water heating, lighting, and refrigeration in residential and commercial
buildings.

Economists often ask the question, “if energy eYciency is so good and the opportunities so abundant for
improvement, why isn’t it being adopted?” The short answer is that it is. Energy eYciency, measured in terms
of the useful energy produced in the form of heat, light and motive power per unit of primary energy input,
has improved by factors of 10 in many areas over the past century—eg in electricity production, and in lighting
and heating in homes and industry. There is no evidence to suggest that the scope for further improvements
is exhausted, quite the contrary. The main points of dispute over energy eYciency concern the costs and
“barriers” to its uptake, not its potential.

The above list covers technologies and practices that are already factored into mainstream engineering
analysis of the possibilities ahead. There are many excellent studies, texts and learned papers in leading
engineering and scientific journals that provide further information and insights on each technology.

Further, the possibilities for an “economic surprise” should not be ruled out, in the form of discoveries and
innovations not currently factored into mainstream engineering analysis of energy futures. Examples might
be in polymer-based PVs, with prospects for “reel-to-reel” or batch processing, on which some excellent basic
research is already taking place; the generation of hydrogen directly from the action of sunlight on water in
the presence of a catalyst (photo-electrolysis); novel methods and materials for hydrogen storage; small and
large-scale energy storage devices more generally, such as the regenerable fuel cell; developments in nuclear
fusion; and new technologies for improving energy eYciency. Engineers and scientists have an abundance of
ideas, and there is an excellent research base for future policies to build on. Discovery and innovation are quite
capable of yielding rich and unanticipated rewards, in energy as in other fields.

There are also many options for adapting to climate change. A review of these would in my judgment merit
a separate call for evidence.

Indicative Estimates of Relative Costs

There are hundreds of published estimates of the costs of the technologies noted above relative to the costs of
fossil fuels. Relative costs vary appreciably with:

— World prices of oil, gas and coal.

— Rates of innovation of both new and of fossil fuel technologies.

— Location, especially for renewable energy sources such as wind, solar energy, marine resources and
biomass. Costs diVer significantly within a country, and even more between countries;

— The supply methods chosen. There are for instance a dozen or more routes for hydrogen production,
transmission and distribution, and include both centralised (large-scale) and decentralised
approaches (medium- and small-scale).

— The weights of each technology in the supply mix—how much emphasis is given to nuclear power,
wind, biomass, distributed generation, and so forth.
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No two studies agree precisely on costs or on the future structure of supplies, and indeed the best studies admit
to significant uncertainties. The estimates shown in the table below are no more than my personal
interpretations of several recent major studies.53 They assume a crude oil price of approximately $30 per barrel
(which now seems low) and world price of natural gas of $4/mBTu (or roughly $4/GJ). They contain several
omissions, and diVerent people will place diVerent weights on the various possibilities.

It has been shown that each of the eight technologies listed is capable of reducing carbon emissions by
1 Gigaton per year by 2050, which would equate to about 50 Exajoules (EJ % 109 Gigajoules or 278 billion
kWh) per year of primary energy. Indeed the renewable energy option is capable in principle of producing
many times this amount of energy if the storage problem is resolved, for example by developing the “hydrogen
economy”, while nuclear already supplies roughly 25 EJ out of a total world demand today of approximately
400 EJ. While—with the growth of the developing regions in particular—world energy demands may double
or triple in the next 50 years, the technologies listed in the table, together with those mentioned earlier, are
fully capable of meeting world energy demands in the long term in a carbon-neutral way.

The table also shows the estimated cost of each technology relative to that of the fossil fuel technology it would
displace, the so-called “marker” technology. Again, the estimates are approximate and are intended to be
indicative. It should be added that a full engineering systems or “modelling” analysis is strictly needed to assess
the overall impact on energy costs and to ensure engineering requirements are met (eg those dealing with
storage and intermittent supplies). However, the estimates shown provide a very rough idea of what the impact
on costs might be under the assumptions discussed above.

Net cost,
Cost Cost of Cost of as % of

Technology Markera/ unit Marker Substitute Net Cost marker

Near term estimate (10 years’ time)
Nuclear NG/CC c/kWh 3.5 6.0 2.5 71.4
Hydrogen from coal or gas ! CCS NG $/GJ 4.0 8.0 4.0 100.0
Electricity from fossil fuels ! CCS NG/CC c/kWh 3.5 5.0 1.5 42.9
Wind NG/CC c/kWh 3.5 5.0 1.5 42.9
PVs (solar input 2,000kWh/m2)b/ Grid electy c/kWh 10.0 15.0 5.0 50.0
Biofuels Petrol $GJ 12.0 15.0 3.0 25.0
Distributed generation Grid electy c/kWh 10.0 15.0 5.0 50.0

Arithmetic Average: 54.6

Long term estimate
Nuclear NG/CC c/kWh 4.0 5.0 1.0 20.0
Hydrogen from coal or gas ! CCS NG $/GJ 5.0 10.0 5.0 50.0
Electrolytic Hydrogen (on-site and NG
distributed) (distributed) $/GJ 10.0 30.0 20.0 66.7
Electricity from fossil fuels ! CCS NG/CC c/kWh 4.0 6.0 2.0 33.3
Wind NG/CC c/kWh 4.0 6.0 2.0 33.3
PVs (solar input 2,000kWh/m2)b/ Grid electy c/kWh 10.0 8.0 "2.0 "25.0
Biofuels Petrol $/GJ 12.0 15.0 3.0 20.0
Distributed generation Grid electy c/kWh 10.0 10.0 0.0 0.0

Arithmetic Average: 24.8

a/ The “marker” technology is the technology that would be displaced by the substitute. NG denotes natural
gas, NG/CC natural gas-combined cycle power plant, CCS carbon capture and geological storage and GJ
Gigajoule.

b/ In Southern Europe, the US and most developing regions, the solar input is in the range 1,800–2,500 kWh/
m2. In the UK it is 1,000 kWh/m2.

Factors that would increase the incremental or net costs of moving toward the low carbon technologies would
be lower oil and gas prices, and cost over-runs and lower rates of innovation in the substitute technologies.
Factors that would reduce net costs are:

— Higher oil and gas prices.

53 In addition to those listed in foostnote 11 see the US National Research Council Study (2004) The Hydrogen Economy: Opportunities,
Costs, Barriers, and R&D Needs. National Academies Press.
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— Higher rates of innovation in the substitute technologies.

— Systems benefits, which allow for the sharing and trading of capacity and energy between suppliers
and users.

— Using market-based instruments to achieve an optimum mix of technologies and practices.

— Technologies not included in the above, which may actually reduce costs. This is a claim often made
for energy eYciency for example. The hybrid car, the fuel cell vehicle and micro-CHP may all oVer
significant benefits, as would a range of new technologies for heating, energy conservation and
lighting in homes, industry and commerce.

— The local, as well as the global environmental benefits of the new technologies.

The technologies mentioned above are certainly capable of meeting a target level of 550 ppm of CO2 molecules
in the atmosphere (the possible target put to me by the Committee), and indeed the Pacala-Socolow analysis
has shown they are capable of meeting the lower target of 450 ppm.

Effects on Economic Output and Growth

The economic impact of the higher costs of reducing emissions in the near term would be significantly reduced
by the low weights of the alternatives in energy supplies. Up to about 20 per cent of energy supplies, the overall
impact on average energy supply costs would amount to less than one-fifth of those indicated in the upper half
of the table, or up to around 10 per cent of energy supply costs. Up to about 50 per cent the impact would
amount to about half of those indicated in the lower half of the table, or around 10–15 per cent of energy
supply costs.

It must be emphasised again however that there is a range of possibilities around such estimates. Value added
by the energy industry is about 4 per cent of world product, though may decline in the long term to around 3
per cent with the declining income elasticity of demand in the rich countries. Applying the sorts of estimates
indicated in the above table to world energy demands, and allowing for a range of oil and gas prices, for
alternative rates of innovation, for systems eVects and other factors, the overall eVect on costs could rise to a
range of around "0.5 to !1.5 per cent of world product. This range is generally lower than that of the
estimated costs of the impact of climate change on world product in the long term; in fact it appears to be
appreciably lower if threshold eVects were allowed for.

As I wrote in my previous testimony, and stated in the hearings, there is no evidence to suggest that a transition
to a low carbon economy would be disruptive to economic growth.

Carbon Taxes and Innovation Policy

One ton of carbon emitted from a natural gas fired power station would be associated with around 7,000 kWh
of electricity generation. Hence an incremental cost of one US cent/kWh would amount to about $70/ton of
carbon abated. For transport fuels, $1.0/GJ would equate to about $45/ton C. As I mentioned in my oral
testimony, a carbon tax of $50/ton could be expected to have some eVect on technology choice.

However, looking at the estimates of incremental or net costs in the above table, most technologies would need
additional incentives for innovation. This is because they are in diVerent phases of development and
commercialisation, while some have still to benefit significantly from economies of scale in manufacture and
batch processing. Some technologies are higher cost now, but are fertile areas for innovation, and oVer the
prospect of being the cost eVective options in future.

This is why many of us have argued for an innovation policy in the form of R&D, demonstration policies and
market-based incentives for commercialisation; I find it encouraging that all OECD governments and many
developing countries, including China, India and Brazil have already accepted this principle. A $50/ton tax
would generate more than suYcient revenues for such a policy to be put in place. I hope therefore that the
Committee will revisit the proposal of Lord Marshall, in his report to the Government in 1999, for a recycling
of environmental tax revenues to environmental ends, including innovations of the kind discussed above.
There is a very good case for this on the grounds of political economy. In addition, there is scope for a new
international initiative to address climate change, focused on innovation policies, and which would be a new
and promising, and also a constructive step forward from the Kyoto agreements.

15 March 2005
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Memorandum by HM Treasury

The Role of HM Treasury in Relation to Climate Change

As a finance and economics department HM Treasury has a strong interest in the development of climate
change policy within Government and works closely with the Department for Environment, Food and Rural
AVairs (Defra) who have lead policy responsibility in this area.

HM Treasury’s aim is to “raise the rate of sustainable growth and achieve rising prosperity and a better quality
of life, with economic and employment opportunities for all” and this serves to underpin our role in relation
in climate change policy. Our engagement focuses on two main areas: ensuring the quality and cost-
eVectiveness of all Government policy and our particular responsibility for fiscal policy. It is clear that the
impacts of climate change are likely to be wide ranging aVecting our environment, economy and society and
HM Treasury fully supports Defra’s ongoing and comprehensive work to increase our understanding of the
nature and scale of climate change impacts.

We are committed to ensuring that public funds are spent on activities that provide the greatest benefits to
society and that they are spent in the most eYcient way. The “Green Book” provides guidance to public sector
bodies on the appraisal and evaluation of policy proposals and we seek to ensure that this is fully taken into
account in the policy making process across Government. The Green Book includes guidance on a number
of issues that arise in relation to climate change for example valuing non-market impacts such as health and
environmental aspects and the distributional weighting of benefits and costs. It also sets short and long-term
discount rates.

HM Treasury is currently working with Defra and other Government Departments on the review of the UK
Climate Change Programme. As part of this review the Government is evaluating the costs and benefits of
the existing programme as well as appraising future policy options to meet the Government’s climate change
objectives. The evaluation and appraisal will be consistent with Green Book Guidance. We are also jointly
undertaking with Defra an Energy EYciency Innovation Review. This is examining how technological, policy,
financial and organisation innovation, whether by Government, business or consumers, can best contribute
to a longer-term step change in energy eYciency—generally considered to be the most cost eVective way to
reduce carbon emissions. The Review will feed into the review of the climate change programme.

More generally HM Treasury sets through the bi-annual spending reviews spending plans and public service
agreement (PSA) targets for Government departments within the overall envelope for public spending set in
the Budgets and consistent with the fiscal rules. In terms of climate change Spending Review 2004
announced that:

— the Department for Transport would take on shared ownership for the climate change PSA target
that was previously shared between Defra and DTI. This commits the UK to reducing greenhouse
gas emissions by 12.5 per cent from 1990 levels in line with the UKs Kyoto obligations and moving
towards a 20 per cent reduction in carbon dioxide emissions below 1990 levels by 2010;

— DTI will give ongoing support to the development of renewable energy and will receive around £60
million a year over the spending review period to deliver projects identified by the Renewables
Innovation Review;

— around £20 million a year will be allocated to future energy research and development. This will
allow DTI to fund fuel cells, cleaner fossil fuels, carbon dioxide capture and storage and hydrogen
research;

— at least £20–40 million in 2006–07 and 2007–08 will be used to expand the Carbon Trust’s
programmes supporting business in improving energy eYciency.

HM Treasury also has particular responsibility for the use of fiscal and other related economic instruments.
The Department has an objective to protect and improve the environment by using instruments that will
deliver eYcient and sustainable outcomes through evidence based policy. In 1997, the Government set out a
statement of intent on environmental taxation which was followed up in 2002 by the publication of “Tax and
the Environment: Using Economic Instruments” This latter publication provides detail of the Government’s
experience in developing economic instruments to tackle environmental problems like climate change. The
Government is committed to using economic instruments where they are appropriate and cost eVective to meet
environmental objectives. A number of such measures have been introduced to help meet climate change
objectives including the Climate Change Levy and associated package including Climate change agreements,
enhanced capital allowances for approved energy-saving equipment, and the establishment of the Carbon
Trust and the UK emissions trading scheme, and a package of measures to promote household energy
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eYciency including a reduced rate of VAT for the domestic installation of renewables and low carbon
technologies, and a landlord’s energy saving allowance to incentivise the private rented sector to invest in
energy-eYciency. On the transport side, the Government has reformed vehicle, through graduated vehicle
excise duty and company car tax based upon CO2 emissions, enhanced capital allowances for the most
environmentally friendly cars and fuel diVerentials to support less polluting fuels.

4 March 2004

Examination of Witness

Witness: Mr Paul Johnson, Chief Microeconomist and Director, Public Services Directorate,
HM Treasury, examined.

Q352 Chairman:You are certainly very welcome. Of carbon, which, as the previous speaker suggested,
needs quite a lot of work for us to understand, notcourse we recognise that Defra is the lead department

in this area. We are particularly interested in what just what the midpoint estimate of that is, but why a
range of estimates is so large and to put someview the Treasury takes. I have to say when I was in

the Treasury, one time I was very shocked to find— Government sense on how we should take account of
that. With regard to the IPCC specifically: no, we inthis will give you a clue as to where we are coming

from—when I was asked to go to a conference the the Treasury do not have a direct relationship with
the IPCC. We have made the conscious decision thatview was that seven-eighths of the world’s mineral

resources were under the ocean and I was asked to go should happen via Defra in order, essentially, to
avoid undue duplication of eVort across government.to represent the Government, as the Treasury

Minister, on this thing, and my Treasury brief said, That is something, as you will understand, we are
under constant pressure to do, but we are working“The Treasury has no interest in this matter because

there is no public expenditure involved in the next five very closely with the economists and others in Defra
in understanding their relations with the IPCC.years”. We are trying to seek the Treasury’s views

over a pretty wide area. In particular, we wonder Finally, you asked about the target to 2050: I think
that target was quite consciously introduced over awhat the Treasury’s role is in ensuring the economic

interests, such as the costs and benefits of climate very long period because we understand the costs of
making these changes are much smaller if they arechange, in fact, are properly addressed by the IPCC?

Does anyone from the Treasury attend any of the planned over substantial periods of time. I think one
of the things the Treasury is keen to do, in an areabriefings? Can I put it another way: the UK has a

target of 60 per cent CO2 emissions’ reduction by the where there is so much uncertainty, is to ensure that
we are in a position to make changes over ayear 2050, has the Treasury made any calculation of

the cost of reaching this target? This is the sort of area significant period of time rather than having to make
as and when the science and the economics firms upwe are in. Would you like to tell us what you can

about it? very much more dramatic changes over very much
shorter periods of time. To some extent we haveMr Johnson: I will try and answer that question in a
looked at the potential costs and benefits of thatcouple of ways. Obviously, as you will know, the
change and, certainly, it is our judgment that givenTreasury’s role, quite generally, is to try and weigh up
the balance of risks, it is sensible to start making athe costs and benefits of diVerent policy options and
move in that direction now rather than risk having topriorities. That is something, particularly on the
make much more dramatic changes over muchclimate change area, where we are very closely and
shorter periods of time in the future.seriously engaged with Defra and others in doing

that. Certainly we see part of our role as working not
just with Defra, but with the other Government
departments, who have a very clear interest in this
area—the Department of Transport, the DTI and so
on—to bring together the various strands of policy Q353 Chairman: Has the Treasury worked out and
interest to provide a Government policy which takes estimated the costs of the 60 per cent reduction?
account of the impacts on transport policy, on trade, Mr Johnson: We have got an estimate, which I think
on industry, on energy, as well as on the environment. was published, of something like between half and
That is one of the strengths which the Treasury can two per cent of GDP in 20508, I believe.
bring to this. As you will know, we are engaged both Chairman: You are not as skilful in stopping a
in the production of the Energy White Paper and in division, so I fear we have to go oV and vote. We will
the work which Defra has been doing on sustainable be back as quickly as we can.
development. We are engaged very closely with 8 Energy White paper—DTI 2003. This figure assumes that the

worlds leading industrial nations act together.Defra, looking at the review of the social cost of
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Mr Johnson: That is certainly what we are trying toThe Committee suspended from 17.24 pm to 17.30 pm
do. As you will know, most of the policies which wefor a division in the House.
are pursuing are of an economic nature. The trading
schemes and Climate Change Levy are designedQ354 Lord Elder: One of the themes of the
specifically with the economics of the situation inafternoon—in addition to going upstairs and
mind. With regard to other policies, we are first of all,downstairs to vote for or against the Government’s
as we usually do, trying to ensure that the policies putBill—has been the question of the IPCC’s emissions’
in place are best value for money but, secondly,values. We heard from you that the Treasury does
working with Defra on a review of the whole climatenot have any direct link with the IPCC. My question
change programme which will be completed thisis whether or not you have investigated some of the
summer in order to quite specifically determine whichissues which arise out of the IPCC process? In
of the policies which are currently in place are havingparticular, some of the criticisms we heard about
the greatest eVect, with the intention of adjustingscenarios have all led to the belief that there is an
policies in respect of that. So to the extent that it isexaggerated view on emissions’ growth, coming
possible across Whitehall to do that we have beenpartly because of their own high view of global
working in that direction. It is also worth saying thateconomic growth, partly because of their use of
as part of the outcome of the last spending review wemarket exchange rates rather than PPP conversions
extended some of the targets on climate change toand partly because of the assumption about the
departments other than Defra. So, for example, therelatively rapid convergence of incomes per capita in
Department for Transport now has that as part of itsrich and poor countries. Has the Treasury
outcomes that it is looking to achieve, which helps toinvestigated that? Have you taken any view as to the
balance the activity between the diVerentoutcomes which the IPCC have produced?
departments.Mr Johnson: I can answer that relatively briefly. Yes,

we have looked at and understood these issues. I
think we take the view that the higher end scenarios, Q356 Lord Macdonald of Tradeston: The second
which the IPCC have put together, are unlikely for part of my question really was about the increasing
very much the reasons which you suggest. The use of interest that the Government is taking in
market exchange rates and, as the previous witness international development issues. I am sure you are
suggested, the three per cent a year growth for 100 familiar with the arguments, but should we be
years is certainly extremely unprecedented. We think spending large sums of money climate control now,
those very high end scenarios are relatively unlikely. given all the uncertainties that we have heard of, to
However, the scenarios which are looking at, two and save lives in 50 or 100 years’ time which might well
a half degree centigrade increases over the period of be more easily saved by the richness and viability of
a century, do not seem to us to be unlikely and do not those societies, which again we hear will be much
seem to us to be the sorts of temperature changes we more prosperous than they are now? You could
should ignore when it comes to policy making. save, we hear from Professor Lundberg, millions of
Indeed it does not require much more than continued lives now by pursuing a diVerent kind of
emissions at current per capita rates to result in parts international development agenda rather than
per million of carbon in the atmosphere and putting the money into climate control.
increasing to over 500 or 550. The science seems to us Mr Johnson: Of course, it is rarely appropriate to put
to suggest that will result in an uncertain but all of your money into a single programme. You will
significant temperature increase. It seems to us that it know that spending on international development
is sensible to make policy on the basis of a has risen really quite substantially over the last few
presumption of an increase in global temperatures, years and is due to rise by something like nine per
but not on the presumption that the increase will be cent a year over the years of the 2004 spending
at the upper end of the IPCC range. review period. It has certainly not been a question

of lots of extra spending on climate change and
nothing on international development. That is oneQ355 Lord Macdonald of Tradeston: This is a
part. If you look at the relativities, appropriately orquestion in two parts. We have heard that climate
not, we spend a great deal more on internationalcontrol might cost huge sums of money and, clearly,
development than we do on climate change. Thefrom what we have heard of the critique of the IPCC,
second important point is that while it may be thefor instance, this is a politicised issue in many ways.
case that in the future people are richer andSome of that can occasionally aVect Whitehall
therefore more able to spend money, it will also bedepartments. Would you think the rigorous
much more diYcult to make a diVerence if we areobjectivity of the Treasury is being properly applied
not starting to make a diVerence now, which I thinkthrough Whitehall in terms of ensuring that the
is one of the crucial elements of any kind of responsemoney we are spending in the UK is indeed well

spent? Have you got enough people on the case? of what is going on in climate change. Modest
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very high temperatures of summer 2003 resulted inchanges and modest spending now can potentially
avert really very substantial changes and spending substantial deaths both in the UK and Europe and

costs to the health system, but obviously warmerin the future because you start to both impact on
the way the private sector works but also have some winters will reduce costs for the health service. It is

very diYcult to work out what the balance of thoseimpact on the total level of carbon in the
atmosphere. Finally, of course, the international changes will be. We also understand that although

there will be, on maybe modest changes, beneficialdevelopment agenda and climate change are not
unrelated in the sense that most of the models, as I eVects for the agricultural sector, there will also be

transition costs as both the agricultural and touristunderstand it, suggest that if there is a one or two
degree global warming that is likely to be a three or sector and so on have to adjust to this. I do not

think we have a figure of the overall cost-benefitfour degree global warming in Sub-Saharan Africa
in some of the poorest areas of the developing world ratio for the British economy of how climate change

will aVect it, partly because, as you suggest, a lot ofand the highest sea levels will have the greatest eVect
in some of the developing areas of South East Asia. the reasons for making changes are on a global

scale. In terms of the costs of the climate changeIn terms of why are we interested in climate change
it is much more because we are concerned about programme for the UK, both in terms of public

money and economically, I do not have in front ofdeveloping countries than because of likely
immediate impacts on the British economy. me an economic cost of that total programme but,

for example, if you look at the Climate Change
Levy, which is one of the biggest elements of that

Q357 Lord Lawson of Blaby:May I come on to that programme, the sort of evaluation we are doing
last point since you have raised it and then maybe suggests that the economic costs are actually very
ask one or two points of clarification on previous small because of the way that revenue was recycled
answers that you have given. You have just started through reductions in taxes on labour income,
to talk for the first time about the British economy. which is obviously one of the things that you can do
We have had, as you indicated in your earlier when you use those kinds of economic instruments.
answer—and of course the eVects of climate change More broadly, it is of course part of the Treasury’s
vary enormously in diVerent regions and diVerent role and Government’s role as a whole to ensure
countries of the world—quite a bit of evidence on that the changes that we are making are not
the sort of median levels that are being envisaged dramatically out of line with what is happening in
for change and at that level climate change would other countries. It is of course not going to help the
not be harmful to the United Kingdom and indeed, global climate if Britain alone makes changes, which
according to Professor Mendelsohn and a number is why we are taking a leading role in working with
of others, it would probably on balance be other countries, and certainly the costs of the sorts
beneficial. Has the Treasury done an analysis of of things that we are looking at do depend on what
this? I am not saying this is the only thing the other countries do. If we do things on energy policy,
Government needs to be concerned about but, for example, independently of other countries, it will
nevertheless, on this issue what are the costs or cost us a great deal more and that will probably
benefits to the United Kingdom of climate change impact on the direction in which we actually go.
and indeed what are the costs of the measures that
you are taking at the present time under existing
Government policies and how do these relate to Q358 Lord Lawson of Blaby: I was going to ask you

if we could see the cost-benefit analysis you havesuch very, very small costs possibly to the UK? In
other words, is it perhaps a form of aid? When we done for the United Kingdom but it seems it is not

available to be seen. Equally, you do seem to leavecome to aid, when you said that we are spending
much more on overseas aid than we are on climate all the economic analysis to the IPCC, with some

Defra input. I have to say this is a change. In mychange measures, I assume that you were talking in
public expenditure terms. If you take the economic time at the Treasury as Chancellor it would have

been unthinkable for the Treasury not to spendcost of the climate change measures that is
substantially greater than overseas aid. It might be quite a lot of time on a serious economic analysis

of an issue as important as this, but times change.helpful to you if I pause now.
May I go on to the next point. You mentioned theMr Johnson: With regard to the costs and benefits
summer of 2003. I spent the summer of 2003 in thefor the UK economy, we have some estimates of

what the costs and benefits of climate change are southern part of France, which was extremely
agreeable, and France is relevant in that of thelikely to be, but they are pretty uncertain. We know

that spending on flood defences, for example, has 30,000 deaths of elderly people through dehydration
in excess of the normal deaths in Europe as a wholerisen and is likely to have to continue to rise because

of increasing sea levels. There is uncertainty about 15,000 were in France because, as you know, come
the beginning of August all the French go oV onthe likely costs for health. As you will know, the
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international agreement which even when those whoholiday and leave their elderly relatives to fend for
themselves. This was such a scandal in France that do sign up to it, they will all honour it when there

is no enforcement mechanism conceivable? Is thisthey had an oYcial government report on it, as you
will no doubt be aware, and there were some very not a little bit less plausible, history would suggest,

quite apart from recent experience with the very,elementary measures that could be put in place and
should be put in place to prevent a recurrence in very modest and almost insignificant Kyoto

agreement, and is this not a very realistic way to go?future summers. I think that example is illustrative
of a point which we were discussing with your Again, if you focus more on adaptation when each

country does what it can on the adaptation front,predecessor, Professor Anderson, and that is the
little attention we seem to find given in this area to we might well focus a lot of our aid programmes on

helping poorer countries who have got a problemadaptation. There are a whole lot of areas where
adaptation is not particularly costly and the cost- adapting to adapt, although, as has already been

pointed out, in the future on the basis of steadybenefit analysis of adaptation would produce a very
good result. Flood defences might be another. How growth they will not be nearly as poor as they are

today, nevertheless, we might initially wish to helpmuch analysis have you done of this?
Mr Johnson: We certainly have analysis of the costs them. Might that not be a little bit more realistic

than the pie-in-the-sky super-Kyoto internationalof flood defences and how much that is likely to
change over time. I am not aware of work that has agreement signed by everybody and honoured by

everybody?looked at, for example, adaptation in the way health
services are delivered. I just do not know whether Mr Johnson: My sense is that the international
that has happened in the Department of Health or community is following a dual track on this in the
elsewhere but in looking internationally we certainly sense that international aid, as you suggest, is
do draw on information which suggests that inevitably to some extent going to be going towards
adaptation in some developing countries really the kind of adaptation that you are talking about
would be very expensive relative to adaptation in and the mitigation of the eVects of climate change
Western Europe. I do accept your analysis that if as they are felt. We spend enormous amounts of
one is looking simply at the UK and at Western international aid reacting to climatic events—
Europe then one can get quite a long way towards flooding in Bangladesh, drought in Sub-Saharan
adapting to climate change. Africa—and if those events become, as I think there

is a substantial probability, more common, then
there is a danger that an even larger proportion ofQ359 Lord Lawson of Blaby: Finally, because time
the international aid budget will be swallowed up inis short and we are probably going to have a
dealing with these crises which now happen toodivision before too long, a two-pronged question:
frequently but which may happen in the future evenfirst of all, do you not think when you are doing this
more frequently. So while I certainly accept that itreview of what the right approach is to this question
is diYcult to achieve the kind of internationalof global warming and what the right policies are,
consensus that you are talking about, this does seemyou should perhaps factor in a real study of the
to be an unusual policy area where it is very hard,adaptation option as part of the issue and not ignore
if not impossible, to make substantial progressit to the extent that it has been ignored hitherto?
without that kind of international agreement, whichMr Johnson: The review of the climate change
is why we are trying to move in that direction.programme is specifically looking at the impact of

policies which are designed to reduce carbon
emissions. Q362 Lord Macdonald of Tradeston: Relevant to

that there is obviously a lot of empathy in
Q360 Lord Lawson of Blaby: So you are not Government with the approach of the United States
looking at adaptation at all? to innovation as a driver of progress. There is a
Mr Johnson: It sounds like there will be a separate great deal of misunderstanding, it appears, of the
piece of work required. United States’ position. Are the Treasury liaising

closely with the US Administration to understand
their position and see whether they can be brokersQ361 Lord Lawson of Blaby: On economic
for them in this international dialogue?adaptation. Finally on this question of mitigation of
Mr Johnson: Certainly as part of the G8 processclimate change and because resources are
where we have got the Presidency we are workinginescapably limited and finite, do you not think that
with the US to understand their position and thethere is a problem with the way that the bulk of the
innovation and so on that they are putting in place.international community is going at the present
We will be learning from that as well as trying totime, placing all their emphasis upon securing an
persuade them of the need to sign up tointernational agreement, an international agreement

which every major player signs up to and an international agreements.
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opposed to a carbon tax and why is the ClimateQ363 Lord Layard: Just to get a feeling for your
priorities, can you tell us over next two or three Change Levy considered to be a better economic
years what you think will be the main issues in this instrument, or is that a political question?
general area that the Treasury will be directing its Mr Johnson: I think the answer that I would give to
attention to? that is two-fold. The Climate Change Levy is clearly
Mr Johnson: There are a number of immediate very substantially better than no Climate Change
priorities. One will be the international presidencies Levy at all. It was introduced at a time when it was
that we hold over the coming year where we will be significantly easier to introduce that levy than
working with the Prime Minister, with the Foreign introduce something that was specifically a carbon
OYce and others to put the climate change issues, tax. I think we recognise from that entirely purist
particularly agreement about the science of it, at the perspective it may be second best but not by very
top of the international agenda. As you know, we far, and the evaluation we have of it is that it has
will also be taking over the EU Presidency later this been really very eVective.
year and working through the next phase of the Chairman: A very skilful answer, if I may say so!
emissions trading scheme and hopefully extending Can I thank you very much for coming and
that to other areas will be one of the things that we answering, I think we would say in all
will be looking at, and getting a much firmer grip circumstances, extremely well. Can I just say to you,
on some of the evidence, particularly on the social though, that if on reflection you feel that the
cost of carbon, which I have already mentioned, and Treasury would like to help us further on some ofunderstanding the eVects of the current policies

these broad economic questions because you can seethrough the climate change review, and finally using
what we are getting at as to what extent we reallyother international fora such as the OECD to
have got a grip of what is for the future, if youunderstand more about the economics that we have
wanted to give us any more written evidence onspent some of this afternoon discussing. Those are
that, it is entirely up to you. We would welcome it,some of the things that I think we are committed to
put it that way. So can I end by thanking you veryover the near term, and in particular extending the
much indeed for coming along. I know that youuse of economic instruments which to our belief
have been here for a long afternoon listening to ushave been relatively successful thus far.
and seeing us going out to vote. I am very grateful
to you and grateful, too, for the clear and conciseQ364 Lord Skidelsky: You talked about economic
way in which you answered the questions and weinstruments and that is the last question I want to

ask. What is the logic of a Climate Change Levy as appreciate you coming to do it.
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Examination of Witness

Witness: Mr Adair Turner, Merrill Lynch, examined.

Q365 Chairman: Mr Turner, you are very welcome. reinsurance costs fundamental to that particular
industry.You have no doubt done these things many times

before. We are delighted that you are able to come
along and help us with our inquiry. We have a

Q367 Chairman: We have had all sorts of evidencenumber of questions. Would you like to say
from all sorts of people. If I may say so, one of thesomething at the beginning?
things that is interesting is how diVerent the eVects ofMr Turner: No, I do not think so. We can deal with
global warming will be in diVerent parts of thethis in questions.
world—and indeed there are arguments that in some
parts of the world it will actually be of benefit rather
than a disadvantage—and how variable are some ofQ366 Chairman: I wondered if you would like to
the forecasts as to exactly what will happen. Whatgive us some idea of how you see the threat of climate

change, especially for the business community. Is it would your view be of the forecasts? Are you pretty
confident?your view that it will aVect industry directly, for

instance through flood risks, or is the main concern Mr Turner: The answer is that we do not know the
the burden of additional costs that will flow from it? precise eVects of climate change on the weather in

particular regions, and most climate change scientistsMr Turner: People in business who look on this
responsibly fundamentally believe that there is a would tell you that, but I do not think that should be

treated as a basis for inaction. Let us work out whatglobal problem that needs to be responded to and
needs to be responded to in as cost-eYcient a fashion we do know. We do know that throughout at least the

last 500,000 years or so carbon concentrations in theas possible. The starting point of business is probably
neither that there is a set of opportunities nor that atmosphere probably oscillated somewhere in the

200 to 280 parts per million (ppm) level. We knowclimate change itself would directly influence a
particular business. Let us be clear, most businesses that at the beginning of the industrial revolution we

were probably at the top end of that 500,000 yeardo not think in 50-year terms in relation to their
individual business, or in very long-term terms. historical oscillation and that we were at the top end

of the temperature of that historical oscillation. WeBusiness on the whole wants to have a responsible
attitude and recognises that this could be a major know that we are on a path where, even if we now do

things, that concentration level is extremely likely toproblem for the world with economic and social
consequences for the world, and therefore wants to go to 500 ppm, ie we will be at least doubling or

thereabouts the level of concentration of CO2 in thebe able to respond to it directly and to play its role in
it. There are specific businesses which have a more atmosphere. We know that that CO2 plays a

fundamental role in the climate. Basically, if theredirect interest in it. As you will be aware, that is
fundamentally the insurance and reinsurance was not CO2, we would be as cold as Mars or

somewhere like that, and we would not have humanindustry, which does have a direct interest in the costs
which may be coming from either flooding in the UK life. At the very least, there is this vital chemical in our

environment and we are on a path at least to doubleor an increase in hurricanes and extreme events
round the world, if those are linked to climate the quantities of that in a way which is likely to have

very major eVects on the climate, and we do not knowchange. We do not fully know that at the moment but
they may be linked. I think the real distinction, in what those will be. We can then have models which

try to work out, as best as possible, what those willterms of business, is, on the one hand, a group in
business who recognise a global, economic and social be. It is highly likely that some of those eVects will be

harmful. It is at least possible that in some parts ofproblem that needs to be responded to but whose
concern is how you do that in as cost-eYcient a the world you might say they would be positive. It is

a hugely dangerous thing to set about such a changefashion as possible, and then specific bits of business
which have an interest in the insurance and just hoping that the benefits will outweigh the
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all, what the Royal Commission on Environmentaldisbenefits, or hoping that your particular country is
going to be at the OK end. The other thing I would Pollution said in its report several years ago. The
say about climate change, and you have to think good news is that we do not need to do that
about this in economic terms, is that human beings immediately. We need to do that steadily over a 50,
have populated the world in locations and with 60 or 70 year period, but we need to start on that
building styles and with infrastructures which are process. The issue then becomes: what are the costs of
suited to the present climate. If you change the both the first step on that process, which is a Kyoto-
climate, even if in some places it happens to be colder like target, and of what needs to be achieved in the
and in some places it happens to be warmer, you must long term. I have become completely convinced that
be imposing huge economic costs of adjustment to a these are utterly manageable costs. I think we are in
new climate situation. Even if you thought that the danger of spreading an unnecessary despondency.
net eVect would be no warming on average, you Indeed, this debate is confused by two groups who,
should be very wary of producing major changes. oddly, come from either end of the spectrum. There
Having said that, the balanced view is that the world is, I think, a recalcitrant wing and an irresponsible
is warming up. It may warm up very significantly wing of business, which says that the costs are so high
beyond certain potential tipping points, and we do that decarbonisation would do terrible things to
not know where those are. There is at least a competitiveness, for prosperity, because they just do
possibility that when you go beyond, say, 2) or 3) not want to do anything. There is also a sort of
above pre-industrial levels, you will get to a point radical part of the green lobby which also says that
where there are certain reinforcing cycles within the the only way to solve this problem is through
climate change, which could then take it fairly rejecting the whole of material economic growth and
quickly to 4) or 5). The best estimates of the scientists changing the whole model of our society. Both of
are that these changes are going to have seriously these seem to be completely nonsensical propositions
harmful eVects. I think it is possible that those eVects when you actually look at the facts. If you just go
might be most harmful for people who are not here in through some very simple analyses, which I did in my
Britain. It might be that they are most harmful in book (I believe a copy of the chapter was circulated
Africa through lower rainfall; in China by the melting to you but the same type of analysis was also set out
of the Himalayan glaciers and the change in the water in the DTI document Options for a Low Carbon
flow through the river systems. So you could attempt Economy and by many other people) you can work
to have a completely selfish attitude to this and say, out how much we spend today on energy, how much
“I have worked out from the models that I am going we will likely spend on energy in 2050 with the
to be OK and the rest of the world has a problem”. natural improvements in energy eYciency which are
But that would be a dangerous thing to do even for occurring in any case, and how much extra we would
one individual country, and certainly it would be a have to spend if we had to buy it in renewable form
completely irresponsible thing to do in terms of what and not a fossil fuel form. And it is obvious that the
is a shared global climate. impact on the GDP in 2050 at the very worst that you

could imagine would be, say, 2 per cent of GDP, but
on a more reasonable set of scenarios it is more likelyQ368 Lord Elder: One of the things that slightly
to be 0.3 or 0.5 per cent of GDP. That means thatsurprised some of us in the evidence so far is that we
what is required to solve this problem is probablyhave really not heard very much about Kyoto. Could
that rich developed countries will arrive in June 2050I just raise one issue with you? The Government’s
at the prosperity level they would otherwise havetargets from Kyoto and also self-imposed targets will
reached in January 2050. In order to oVset the majorimply a substantial degree of decarbonisation of the
problems of climate change, this strikes me as reallyeconomy. Do you believe that this is realistic, that it
quite a trivial cost. You can make it sound a big costcan be done, and do you believe, most importantly,
if you measure it in pounds billion. All globalthat the costs of such decarbonisation would be
problems and all global costs just end up very big inacceptable?
pounds billion or dollars billion but, expressed in theMr Turner: Obviously, if you believe that climate
only way that makes sense, which is what reductionchange is a long-term problem, and I am convinced
will this produce in the rate of growth of prosperity, Ithat the overall balance of scientific evidence is
think we will hardly notice it, as long as we start soonclearly that it is, and, if anything, that evidence has
enough. I think that is also true of the first stepbecome more convincing and more concerning over
towards it. Kyoto, funnily enough, is criticised forthe last three years, then by definition the only thing
two reasons: one, that it is not enough, and that iswe can do over time is to decarbonise. Eventually,
obviously the case. It is only intended as a first stepone has to decarbonise by a very significant amount.
along the path. The other is that it is overly-One would have to cut the level of CO2 emissions per
expensive. I do not think either of those is true.capita, by 60, 70 or 80 per cent below the levels which

now exist in developed, rich countries, which is, after Again, if you run the same calculations for what
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that tax or that price is more likely to be up thanhitting our Kyoto target for 2010 will do, it will
produce an immaterial eVect upon our rate of down. That in itself I think will begin to ensure that

businesses make diVerent decisions, both on energygrowth. That is because there does exist a range of
technologies which, although more costly than fossil eYciency and on the development of renewables.

How do you progress over time from now to 2050?fuel technologies, are not so much more costly, and
these technologies are getting cheaper relative to You can change over time. You may do it primarily

by an emissions trading scheme and maybe by 2050fossil fuels over time. I do think that, if you just run
the numbers, one finds that these are completely the price of carbon in the emissions trading schemes

will be £50 or so, rather than the sort of ƒ10 or so thatmanageable costs.
most people are looking at at the moment. Even at
ƒ10 or ƒ12 in the emissions trading scheme today,

Q369 LordVallance of Tummel:May I take you a bit however, I think people who have analysed this
further on the management of costs? A number of believe that even at that price it will begin to produce
witnesses have suggested to us that a straight carbon changes in behaviour. One should not scare oneself
tax would be the sensible way to go. Figures have silly by long-run forecasts of what might be required
been put on that which vary between £50 per carbon eventually in a technological environment that we do
tonne up to £100 per carbon tonne with the latter not know. The thing to do is to put in place a set of
figure being what is necessary if the UK is going to hit policy levers which begin to create the correct
in the long run a 60 per cent reduction in the target. incentives for private industry and then iteratively to
How do you think industry would react to that if the change those over time as we see what is occurring. It
Chancellor on Wednesday were to announce that? may be at the end of it we will have a very high price
Mr Turner: If he were to announce on Wednesday of carbon, established either through a tax system or
that there was to be a £100 carbon tax, which on 150 an emissions trading system, though of course that
million tonnes of carbon would be, if I am right, £10.5 would then be in an economy where only a small
billion tax, presumably they might be slightly upset, percentage of our energy use was coming from
even if there were oVsetting reductions, which one carbon. That would be an economy in which carbon
would assume there would be in a tax-neutral plan. was very high priced but only used in those places
On the other hand, I do not think that is how sensible where there is no feasible renewable energy
policy has to proceed here. Those figures of £50 or alternative. I think it is useful to do those figures. I do
£100 are based upon people’s attempts to work out think that it would be better if our climate change
what it will cost us to remove the final margins of level was more linked to carbon. It would be good if
carbon to hit, say, the 60 or 70 per cent target by 2050. we created the expectation that that will gradually go
Obviously two things go on in those figures. One, at up over time, but I do not think it is either necessary
any one time and for any one technology, the more or at all feasible that we move immediately to what
you have to cut, the more is the marginal costs of may, in 50 years’ time, be the marginal cost of getting
cutting, of switching from a fossil fuel to a renewable. rid of the final increments of carbon that we have to
Secondly, those figures may reduce over time if there get rid of.
is autonomous technological development which is
producing technologies that reduce the cost of

Q370 Lord Vallance of Tummel: There is a long wayrenewables. There is a balance going on there over
between the market where the tax bites and the placestime whereby it gets more and more expensive to cut
where the major changes have to occur if we are goingthe marginal bit of carbon for any one given
to produce new technologies for power generationtechnology, but the technology is changing. So
and new forms of fuel. Is there no better way ofpeople try to do these figures and they use long run
inducing those at the far end of the business chain tomodels, and they may end up with figures that it
put more investment and more eVort in now on themight cost that at the margin to get the change
assumption that they could make a lot of moneyrequired at the end of the story. That does not mean,
downstream?however, that you have to set that as the tax right

now. This again, goes to the role of Kyoto: I think we Mr Turner: I do agree that we should have taxes on
carbon use. I did say that we should establish theneed a clear objective, and we have an objective that

the UK will get to, say, a 60 per cent reduction by presumption that those are going up rather than
down and that over time we have a greater degree of2050. You need a set of intermediate steps which set

you along that road. You need to begin to put some tax on carbon, whether it be in the electricity
generation process or whether it be in transport. Allpressure through the pricing system, which is an

immensely powerful system here. You can do that in that I am saying is that I do not think you need to
know the end point precisely at this stage. You needtwo ways: one, by a carbon tax; and the other

through the price established through an emissions to establish the belief that it is going to be on a
gradual upward path. I agree with you that the taxtrading scheme. On the whole, I think you want to

generate the belief in industry that the direction of mechanism or the emissions trading mechanism—
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Mr Turner: I do think that is, in a sense, a falsebecause those are simply two alternative ways of
division. Taxpayers are ultimately householdsestablishing a price for carbon and a price for the
because households ultimately pay tax. If the costsdiVerence between going a carbon-intensive route
fall on industry, they will ultimately fall on theand a renewable route—should be part of the public
products of industry. I think this idea that people canpolicy tools, but we can move gradually in the
choose, “who will pay it but who will not pay it” is adirection that is required and iteratively change the
bit of a false issue. The key thing to work out is: whatlikely end-point as we learn more about what is
will the costs, in terms of a lower level of GDP, be, ifrequired.
any? Those costs will arise if renewable energy is
always more expensive than fossil fuels. There will be

Q371 Lord Vallance of Tummel: Is that suYciently a cost but reasonable calculations show you that it is
direct to make the CEO of, say, General Electric sit a small cost. The thing to do is to minimise that cost.
up and think: we ought to change our strategy in In order to minimise that cost, you have then to think
terms of power generation and we ought to be of all the sectors that actually use energy and make
looking towards things that are CO2 neutral rather sure that you are applying appropriate incentives and
than going down our old routes? Those are the places policy tools for each of those. It is not that somebody
where the inflections will come in. is going to pay and somebody is not going to pay—
Mr Turner: That is obviously a good point. Some of the whole of society in some way is going to pay—it
the things that are already changing that are our is that there are diVerent levers which can impact on
renewables targets and the renewables obligations. the diVerent final use sectors. Industry actually is
One should not proceed with this on the basis that probably one area where it is somewhat easier to
you have to choose between diVerent instruments. I create levers than on either transport or household
think you should be pursuing a number of diVerent because industry, by definition, is run by managers
instruments simultaneously. We should probably whose job it is to maximise profit and who therefore
increase and make more explicitly linked to carbon respond pretty quickly to even quite small stimuli of
the tax element of policy, but we are already tax systems or changes in cost, because that is their
producing some reasonable shifts towards job. Therefore, I think that if we have a reasonably

tight emissions trading scheme or the climate changerenewables through the measures that have been
levy even as it is at the moment, you will seetaken up already. The other thing I would like to say
significant improvements in the use of energy byis this. The establishment of an agreed target in itself
industry. Indeed, that trend has been going on forshould provide incentives for the long-term
some time. The more diYcult sectors in some sensedevelopment of technologies. Even if you do not yet
are the household sectors because households are notknow how you are going to get to a 60 per cent
run by managers who sit there making scientificreduction by 2050, if there is an absolutely agreed aim
analyses of the cost of running the household. Thatof public policy, it is a reasonable inference for people
is why you probably need there, possibly some moredoing long-term research and development that that
measures, including tax measures—and we can havemust imply that there is going to be a set of measures
debate whether VAT on fuel may have been aput in place over time which will increase the value of
perfectly sensible thing, and I think it probably was—having developed renewable and energy-eYciency
but whatever tax measures you use there, youalternatives. I think the target in itself is incredibly
probably need non-tax instruments as well. There isvaluable, even if the instruments that we use to get
tremendously powerful potential in the householdthere are things we are iteratively changing over time.
sector by making sure that, as we replace the housing
stock, we relentlessly do it in a fuel-eYcient process,

Q372 Lord Kingsdown: When you answered Lord both when we build new houses and when we change
Elder, I think you used the phrase that you thought old houses. Regulation may have a significant role to
that the costs of this would be manageable. Excuse play in the housing sector. I suspect in transport the
the abbreviation but it was something like that. way forward is both taxation and also regulation:
Witnesses to us have made it clear that in their view regulation of engines will make a big diVerence there.
only a radical transformation of the way we use Then of course we have the electricity generation
energy will put us on the path to climate stabilisation. sector where again a combination of diVerent
If that is true—radical or, if you are right, instruments is required: tax instruments, trading
manageable—who should pay for this transition: the instruments and things like the renewables
taxpayer through public expenditure (I think you obligation. I do not think of it as who should pay.
mentioned that) or industry and transport as the Ultimately individuals pay because everything else in
main emitters, the main oVenders, dare I use that a national economy is simply a pass-through. The
word? Where does the ordinary householder even fit question is instead what are the appropriate

instruments which are most likely to produce ainto this?
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analysis of the alternative costs of oVsetting it versusbeneficial eVect. Those probably do diVer somewhat
between the household sector, the transport sector, managing round it by sea defences, et cetera. I think
electricity generation and industry. We have some those calculating are extraordinarily diYcult to do. I
quite good understanding of what those diVerent suspect that we would simply lose ourselves in not
instruments are and those diVerent elements of it. having the sheer computational power to make those

comparisons. If it was simply a matter of the sea level
rising, maybe you could do it. But how do you deal

Q373 Lord Lamont of Lerwick: Could I ask about with whether or not climate change will produce a
the costs? I was originally going to ask just about change in the pattern of African rainfall? You could
where you thought perhaps the Government had not sit down and have a theoretical model that says “if
done enough to get over the scale of the costs, but you there is more rainfall in one area in one part of Africa
have made it clear that you think they are and less in another; what I am going to do is move
manageable and we should not, as you put it, scare these people from X to Y to the still fertile bits of the
ourselves silly. May I ask a couple of questions? The country”, but you would have to think through the
first is on a point of clarification. You said that in political consequences of that because you would be
your view the cost might be as little as 0.3 or 0.5 per

moving them to communities where people might notcent, whereas other people thought 2 per cent of
want them; you would be moving them to placesGDP. I was not quite clear, in the way you expressed
where there are existing property rights. To thinkit, whether that was a cumulative figure which then
about it realistically in all its characteristics ratherreached a one-oV eVect or whether it was annual
than just the sea level eVect, which is far the mostrecurring. If it is annual recurring, of course, it is
easily understood eVect, you would be into anquite a considerable cost, especially if it turned out to
incredibly complicated calculation of the politicalbe wrong and was in fact 2 per cent rather than 0.5 per
consequences of the adjustments that you wouldcent. The main point I want to ask you is: looking at
have to make, which would almost certainly have tothe cost-eVectiveness of the measures, have you, in
involve significant movement of people. And theyour mind, and have others, compared the cost-
moment you have significant movement of people,eVectiveness of trying to act deliberately on the
you also have psychic costs. It may be all very well forclimate as it aVects the whole globe as compared with
you and I to say “with X cost we can move them to Ymeasures that counter specific consequences of
and they will be just as happy as before” but actuallyclimate change, like trying to deal with rising sea
people do not think that. There are politicallevels, having sea defences, this sort of thing? You
consequences of moving people. That is why I tend totalked about the eVects on individual countries or
think that we should proceed on the basis of trying toindividual regions of the globe and said this would be
reduce the likelihood of this occurring or reducingvery drastic; even if there was no overall change, there
the extent of this occurring, with the confidence thatmight be a particular eVect on particular countries.
there exists a set of technological ways forward whichThat would surely happen over a long period of time
will make that, as I say, a manageable cost. As for thein which there would be an adjustment process taking
manageable cost, the way you do those calculationsplace. One thinks about architecture, ventilation of
is that the GDP in 2050 will be 2 per cent lower thanbuildings and so on.
it would otherwise be. I am not quite sure what weMr Turner: On the first point, I put that out as a
call that; it is obviously an ongoing cost at one levelhypothetical point. Even if you believe that the eVect
but it is 2 per cent less and it does not go on gettingis neutral, there would still be costs. Let us be clear
bigger than 2 per cent for ever because it gets to athat the scientific evidence is not that it is neutral; the
point where you have achieved the abatement that isscientific evidence is clearly that it is warming. I
required. Again, the range which was suggested in thebelieve that is now overwhelmingly clear and that we
DTI Options for a Low Carbon Future is from 0.3 upwill undoubtedly end up warming the globe by at
to 2; 2 was an extreme under one scenario where thereleast 2 degrees on average above the pre-industrial
was no autonomous development of renewableslevel, even if we now took significant action. It will
technology going on. The 2 per cent figure there wasprobably be higher, even if we try to take quite a lot
also for a 70 per cent reduction rather than 60 perof action. The more it is above about 2 degrees or so,
cent and it was for the option where you had boththe greater the danger that, due to some of the self-
excluded the possibility of nuclear and you hadreinforcing eVects which occur when snow melts and
excluded the possibility or the feasibility of carbonheat is absorbed into the earth and the potential
sequestration and so had to achieve the wholerelease of methane strata, et cetera, there is a point at
reduction by renewables in the sense of wind andwhich, if you heat up 2.5 degrees, you are suddenly on
biomass. What they found is that if you onlya path to heating up 5 degrees. There may be some
excluded one of those technologies, i.e. you couldnon-linear relationships within this. We are warming.
either have carbon sequestration or nuclear, then youIt will vary by diVerent countries. The question you

ask is whether I or anybody else has done a complete are down at the 0.3 to 0.5 level. Even at the two per
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the extent to which they are allowed to go up percent level, I would say this is a manageable cost.
Certainly, compared with the great challenges of the capita, whereas developing countries are committed

as to how much we go down. If we can get other20th century like global war, I think you will find this
ends up pretty trivial as a challenge. major countries within the system of caps, through

the emissions trading systems and the domestic
policies that they will have to put in place to deliver

Q374 Chairman:May I take you back to the answer those targets, that in itself will provide a major signal
you gave me? You said something with which I am to the market which will push the development of
sure the whole committee would go along, that there technologies. I do not think that is over-optimistic.
was no way that it would be right or proper for this There is a tendency, particularly in American
country to try to avoid any obligations that might politics, to assume that China is not shifting. My
flow from the analysis that we are talking about. The understanding from people involved in China on this
question to me is: will that be enough in the sense that issue is that many Chinese scientists are very switched
if we look around the world and look at the problems on to the issue of climate change. The policy makers
in India and in China, there are likely to be enormous are very worried about the long-term implications of
increases in emissions. One witness said that the only pollution to the Chinese quality of life, including
way to solve this problem is to achieve a position climate change. A Chinese Renewable Energy Act
within 50 years or so from now when fossil fuels are has recently been passed, which is proceeding
no longer an economic way of generating electricity towards enabling the provincial governments to put
at all and other technologies have developed to the tariVs on fossil fuel electricity in order to try to
point that they are the method of choice for other encourage renewables. We have got to get those other
people to use to generate electricity. That requires an major countries on board. There is an overall
enormous development of technology and spread of framework. There is a need for a global commitment
technology and the really smart thing to do in the to reductions. That in itself sends price signals. What
next 50 years is to develop those sorts of technologies one should not exclude, however, is that in addition
which might solve the problem in a proper and a to that perhaps we should be spending public money,
global way. What is your view about that? including agreed international public money, for
Mr Turner: I am sure we do have to develop those R&D on particular technologies. The thing about
technologies. There are two ways to proceed and we those particular technologies is that we should not
should proceed on both. One is increased energy just back one winner; we ought to be pursuing several
eYciency and the other more renewable sources of strands simultaneously. One ought to pursue the
energy. Although there is a lot that can be achieved strand of whether carbon capture and storage will
in energy eYciency, it is very unlikely to be enough in work, but one should also put more money probably
itself, so we also need new forms of non-carbon into photovoltaics. Those are the two big
producing energy production. That does not technologies which are at a completely diVerent stage
necessarily mean not burning fossil fuels because one from wind or biomass. Wind and biomass are, in a
of the big technologies is carbon sequestration where sense, proven technologies not far oV the cost of
you do burn fossil fuels but you then capture and existing fossil fuels. Through the natural process of
store, and that should certainly not be excluded. I do the market, these will tend to get cheaper and cheaper
not think we can exclude it because in almost any and will slowly cost in in more and more
scenario, we are going to have a huge base of coal- environments. There are major geological questions
fired power stations installed in China in the next 15 still to be answered about the feasibility of carbon
to 20 years. It is going to be quite diYcult to prevent storage. Photovoltaics may be one area where
that. Therefore, even if those coal fired stations are significant amounts of public money might drive
subsequently replaced by completely renewable some of the basic science and the basic physics
sources, developing the technology so that the CO2 required to bring that cost down. That technology is
that they do produce can be captured and stored is still several times more expensive than fossil fuel
quite important. I do agree that the development of alternatives rather than, say, 50 per cent or two times
technology is key. The issue is: what are the more expensive.
instruments to do that? I think one needs the
developed countries to commit to Kyoto-type limits.

Q375 Lord Sheldon: I want to follow up theThat begins to send out some signals to the
Chairman’s question on the international situation.marketplace of the direction that we are going and

also shows willing on the part of the developed We might get agreement here but getting agreement
internationally is going to be enormously diYcult. Itcountries that we being the biggest polluters are

willing to act first. The next step beyond that must at is hard to get agreement on the nature of the problem,
let alone the solution to the problem itself. Somesome stage be to get the big developing countries into

some framework of mandatory limits as well. There countries can suVer more than others, some
industries suVer more than others, and the agreementwill be diVerent limits for them. They will be limits on
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discussion about global cooling based on pollution ofmay only be possible in a crisis situation. I find it very
hard to envisage the kind of crisis situation that the ozone layer or something like that. You might say
might force people to come to terms with the realities. that the scientific forecasts are very diVerent from the
Have you anything to oVer on this? economic forecasts but when the scientific forecasts
Mr Turner: On the way to create a crisis? depend on human activity rather than on purely

passive natural things, then of course the distinction
does tend to evaporate. The possibility of interveningQ376 Lord Sheldon: No, the way people might feel
events here is huge. That leads on to my secondimpelled to act?
question, which is whether the real danger does notMr Turner: I guess I am not that pessimistic. The US
come from increased volatility as a result of changingand Australia did not come in but there was a Kyoto
patterns of weather, whether increasing temperaturesAgreement across a large number of other developed
or decreasing ones and therefore catastrophic eventscountries. It is not the case that people in China in the
have been more likely, against which thepolicy development circles are sitting there saying
precautionary principle as the bedrock of policy“We are never going to take action on this”. After all,
becomes very plausible indeed.they have the catastrophic problem of local pollution
Mr Turner:One has to distinguish, in thinking aboutas well. Local pollution is a diVerent problem from
the credibility of forecasts , between the scientific bitthe CO2 but that local pollution itself is driving them
of it and the economic and industrial bit. Economicto think about how they make sure that they end up
growth and industrial production produce emissionsbeing a rich country which also has a reasonably
of CO2. Emissions of CO2 feed through tocivilised set of cities to live in rather than a rich
concentrations in the atmosphere. Concentrations incountry covered by a pall of pollution. That creates
the atmosphere feed through to temperatureincentives for people to act. Sometimes, yes, you do
diVerences. The relationship between the flow ofget particular things that make people concentrate.
emissions, the stock of concentrations and theThe severity of the heatwave in Europe two years
temperature is something for climate scientists to tellago, which does appear to be something to do with
us about. The determinants of the flow of emissionsglobal warming, made people realise that this was for
is something which economists, industrialists andreal and could have significant consequences. If it is
people who think about technological trends can tellthe case—and the scientists are unsure of this—that
us about. If one thinks about the climate bit of this,the increase in frequency of hurricanes is driven by
you are absolutely right that there is a large range ofglobal warming, I think that in itself will make people
forecasts, but there does appear to be at least asit up and think. You are probably right that on the
bedrock to our best understanding at the moment.whole this is one of those problems which can grow
We probably know that the earth’s system absorbsand grow and grow without us quite realising it until
about 4 gigatonnes of carbon a year in naturalit is too big to deal with. That does put a
processes and therefore that when we go beyondresponsibility on politicians, business leaders,
4 gigatonnes, we are increasing the concentrationintellectual leaders and leaders of whatever type to
because there is not a set of naturally oVsetting eVectsput these issues on the table and try to progress them,

even in the absence of a bottom-up demand for through forests, et cetera. We know right now that we
change in the face of a crisis. Some adverse short- are well above the 4 gigatonnes; we know that we are
term developments will concentrate people’s minds at 8 gigatonnes. We know pretty much definitively, as
but you need political leadership and to be in close to definitively as most things in life, that the
discussion with scientists about what is going on and concentrations in the atmosphere are going up. We
designing ways forward somewhat ahead of what, as get annual measures of this and those are going up
it were, ordinary people might come up with if they quite fast. We have reasonable knowledge that we are
were simply saying, “I have got to wait until I feel too now at 380 ppm. The best inference from scientific
hot before I do anything about it”. understanding is that this is well outside the range of

200–280 ppm which, as I say, we used to reach in the
last 500,000 years of history, ie the whole of historyQ377 Lord Skidelsky: I would like to ask not a
which has had human beings in it. We are at the verypractical question but more of a theoretical one. How
least, as I said earlier, conducting an enormousmuch credibility is applied to long-term forecasts of
experiment. We live in an environment to which thethis kind, 100 year forecasts, even if they are dressed
concentration of CO2 is vital; if there were no CO2up as a range of scenarios? In 1936, Keynes’ theory
whatsoever, the temperature of the earth wouldtalked of all the economic consequences of a
probably be 30) lower, and we are doubling thedeclining population, which was based on very well-
concentration. It may be that as we double that, thereaccepted projections of a linear fall in population.
is a set of oVsetting eVects which turn out to leave usThat of course was then falsified by intervening
as we were before, that the cooling eVect of the actualevents or a set of intervening events. I also remember

20 or 30 years back there was quite an intense soot in the air, which is the thing that cools, oVsets the
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agree as to their share of the burden; and, two, howCO2 which is warming it up. But it would be quite
risky to rely on that. The other thing that the do you get enough technological development to deal
scientific evidence is beginning to suggest is that there with the problem? I wonder if there is not, as far as
is at least the possibility of the non-linearities, countries are concerned, a diVerence between a
catastrophic events, and not just catastrophic events quota, which seems to be cutting your own throats
like major shifts in the ice sheets but reinforcement of for the sake of the common good, and taxation, that
warming through the methane strata and the you tax something and keep the tax proceeds. I know
warming of the seas as well. All of that, when I look that in pure economic theory there may not be a
at it, makes me believe that we ought to try and fix the diVerence. In terms of meeting an international
problem. In addition, when I then observe that the agreement, it seems to me that if you were going for
economic costs seem to me utterly manageable, I a common carbon tax and each country would retain
think why on earth would one not fix it? If you go the proceeds of that, this could be an easier thing to
back to the bit of the problem which is economic and agree. I do not know. The second point: if you had
industrial, of course the emissions flow does depend the proceeds of the carbon tax, you could then
on forecasts of population growth, economic growth perhaps agree to devote all or a proportion of it to
and the energy intensity of growth. Those are the this basic R&D. We know that is needed because
three key things that go into this. You can debate any again there is the public good aspect and companies
one of those. But some order of magnitude figures will not do as much as is necessary to overcome the
make you realise that unless something changes, we fundamental problems of some of these technologies.
are not going to be emitting 8 gigatonnes against What do you think of a carbon tax dedicated to R&D
4 gigatonnes of natural absorption capacity; we are compared with the existing, if it is existing, route of
going to be emitting much more. Asia at the moment quotas?
has per capita emissions at about one-fifth of Europe Mr Turner: I think we will need to go down the
and one-tenth of the US. Let us leave the US aside. quotas route as well. We have a political governance
That means that if Asia industrialises, if it achieves by issue and I think the only tenable long-term policy is
2050 our standard of living of today, which I think is something like close to equal per capita rights to emit
not an unreasonable economic path (it is what Korea CO2 into the atmosphere. It will take us a long time
has done over the last 50 years, so why should not to get there but I think that is the only deal which is
China do it as well?), and if by that time they are do-able on what is a shared public good. The quota
emitting as much per capita as we are emitting, then approach has the advantage that you get nations, or
they will be omitting five times as much as today, even the European Union, together to commit to overall
if their population stabilises. I do not have the figures trends in quotas and then they pursue a variety of
to hand, but clearly that will produce a huge increase policies in order to achieve more quotas. These could
in concentrations; we would be way up what looks include tax, emissions trading, regulation, be it of
like the dangerous range of developments. That is household design or of engines, et cetera. We need to
even with, a slowdown of world population growth; combine multiple elements; stimulated by quotas .
not actually a fall but, say, the UN median forecast of Should we have a global carbon tax? The thing to be
10 billion people by the end of the century. Of course, said about global carbon tax of course is that if you
what may occur is autonomous developments in want money put into this stuV now, most of the
technology that mean that the emissions fall money is going to come from the developed world
naturally without interventions. The good news because that is where the money is today. The money
about those is that, if they occur, the cost which we put into R&D on basic science today will come
were talking about earlier is not going to occur. If we mainly from the US, Europe, Japan and the other
get a set of autonomous developments in technology rich countries of the world. Though there is also
which do not even require a stimulus of policy, that research going on in China as well. My concern
would be fantastic. It would mean that having set oV would be that we might spend too much time trying
on a course of policy which had some initial costs, in

to pursue a carbon tax to which everybodythe final stages the policy would not have any costs at
contributes, including India, Indonesia and China,all because renewed change would be autonomously
and put a lot of political energy into something buthappening. The big uncertainty is technological
that the only do-able deal is one where the totalchange and I do not think that is an argument for
amount from India will be relatively slight comparedinaction. The argument is: let us take actions which
with the amount from the EU. If that is the case, whymaximise the chances that those beneficial
do we not just spend more money on R&D in the EU?technological changes do in fact occur.
I do not exclude this as part of the long-term
structure of global governance required. But I think
the post-Kyoto quotas are probably more importantQ378 Lord Layard: To follow up on the
as a political way forward. It is true to say that itinternational issue raised earlier, you have two

problems: one is how to get individual countries to would be very useful, for instance on photovoltaics,
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several times bigger. You might not have a global taxto have more public money. And it would be useful in
policy development to systematically work out but you could imagine this as part of an agreement

between the US, Europe and maybe some otherwhether more money is likely to make a lot of
diVerence. I mean by that really working out whether countries jointly to put money behind some of these

basic research elements. There could be an ad hocthere are fundamental physical and scientific barriers
to the speed at which we are progressing and whether agreement to do it rather than a full-blown carbon

tax, which on a global level becomes veryit is reasonable to infer that significant money could
overcome these. I think photovoltaics is a very complicated because you have to work out the fair

rate for everybody.interesting technology in its potential but also in its
current costs. For much of the sun-drenched bits of Chairman: May I thank you very much indeed. This

is clearly a big subject and you have contributed tothe world, it is a very obvious technology in the long
term but at the moment, unlike wind and biomass, it our discussions in a most meaningful way. I am very

grateful to you for coming.is not getting close to the fossil fuel cost; it is still

Memorandum by Professor Michael Grubb, Cambridge University,54 Imperial College,55

and the Carbon Trust56

This paper addresses five aspects of the economics of climate change that I understand to be of interest to the
Committee:

— The driving forces on global emission scenarios and the PPP vs MER debate in this context.

— The relationship between GDP and emissions and the prospects for decoupling in developed
economies.

— Problems in the “Copenhagen Consensus”-type arguments in relation to climate change and
developing country welfare.

— The role of technology and its relationship to policy.

— The Kyoto Protocol from an economic perspective.

1. The Driving Forces on Global Emission Scenarios and the PPP vs MER Debate in this Context

The debate on PPP vs MER has been at risk of obscuring the fundamental issues surrounding emission
projections. In Figure 1 I have set out two important dimensions, by country/region, namely per capita
emissions (vertical) and population (horizontal). Total emissions (% percapita x population) is represented by
the area of the blocks. A glance at this reveals not only the big diVerence in per capita emission levels between
regions, but also the huge potential for emissions growth if the industrialised countries continue to increase
whilst developing countries move significantly in the direction of per capita emission levels prevalent even in
Europe and Japan, let alone those in the New World economies, and their populations also continue to grow.

The first-order drivers of global emission projections are to do with underlying assumptions about population
growth and the general pace of global industrialisation. The second (also very important) driver will be
underlying assumptions about convergence between rich and poor.

54 Senior Research Associate, Faculty of Economics (1 day/week).
55 Visiting Professor (formerly Professor of Climate Change and Energy Policy), Department of Environmental Science and Technology.
56 Associated Director of Policy, the Carbon Trust.
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Figure 1 CO2 Emissions in 2000, per capita and population by region

The choice of metric for measuring economic activity (PPP vs MER) is a third order eVect on global emission
projections. It is not, in my view, irrelevant, because it could have an indirect eVect on assumptions about rates
of convergence, and structural change in economies. But these eVects will be small compared to basic
assumptions around the scale of the first and second-order drivers. Of course the choice of PPP or MER aVects
the numbers attached to economic growth rates, but as clarified amongst others by Bjart and Holtsmark, this
in itself is cancelled by the corresponding change in intensity assumptions (one is taking a physical quantity—
CO2—and arguing about how to measure the economic index by which one first divides, and then projects and
multiplies, the physical quantity).

The debate has focused particularly on the IPCC scenarios, the projected emissions in which span a huge range
by the end of the century, from roughly returning to present levels, to a threefold increase. Intuitively, a three-
fold increase in the total area covered by the blocks in Figure 1 does not seem implausible—indeed taken at
face value and allowing for extension of the X-axis due to population growth, it seems disturbingly possible
in the absence of any policy action to the counter the pressures for emissions growth.

It is of course important that questions related directly to international welfare comparisons use a PPP basis.
But I simply do not see any way that the PPP vs MER debate makes a material diVerence to the conclusions
one may draw about the prospects for substantial growth in global emissions, well within the range set out
under the IPCC scenarios.

2. The Relationship between GDP and Emissions and the Prospects for Decoupling in Developed

Economies

An important underlying question is the nature of the relationship between GDP growth and emissions in the
past, and the prospects for accelerated decoupling.

The available international evidence on the relationship is quite complex. Figure 2 shows a (cross-sectional)
scattergram of (per capita) GDP and emissions. In poor countries, higher levels of GDP are unambiguously
associated with higher emission levels. This is not surprising: basic industrialisation unavoidably requires
development of industrial, building and transport infrastructure that consumes large amounts of fossil fuels.
The evidence in countries with per-capita income above US$5–10,000/yr—and emission levels above about
1.5tC/yr—is however far more ambiguous.
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Fig. 2. Scattergram of national per capita income vs CO2 emissions.

There has been significant eVort to quantify econometric relationships, with some analysts claiming to discern
evidence of a “Kuznet’s curve” type relationship in which CO2 emissions start to decline at very high income
levels. The intuitive argument is that income in rich countries is derived more from information technologies
and the service sector, which are very low emitters, whilst there is less need for heavy duty industries like
construction. It is probably safer to say that in richer countries, the CO2-GDP relationship is weak and the
empirical evidence from cross-country comparison to support any other specific assertion about the
relationship is also very weak.57
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Figure 3: Carbon Dioxide Emissions and GDP per capita in US and UK indexed to 1950 levels 

57 It is also often claimed that any decoupling is because rich countries just import energy-intensive products manufactured elsewhere—
the evidence for this as a major factor, with the partial exception of a few specifics like aluminium, is also tenuous: most rich regions
still manufacture much of their own heavy industrial product.
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Time series data help to underline that assumptions of a strong coupling between GDP and CO2 in
industrialised economics are unsupported by the evidence. Figure 3 shows per capita CO2 and GDP relative
to 1950 levels in the two countries that could best lay claim to have fully industrialised by then, namely the
US and UK. Per capita emissions in each, half a century later, were at similar levels to those in 1950, whilst
their GDP per capita had trebled. Decoupling has occurred more recently for the rest of western Europe and
Japan. Rising CO2 emissions is not an unavoidable fate, but is driven far more by specific economic
circumstances and policy choices, to which I return below.

3. Problems in the “Copenhagen Consensus”-Type Arguments in Relation to Climate Change and

Developing Country Welfare

The Questions posed by the Committee ask directly about the monetary equivalent impact of climate change,
with particular reference to its impact on developing countries and the use of resources for example in relation
to Overseas Development Assistance. The “Copenhagen Consensus” has been widely cited as representing a
consensus among its participants that acting on climate change should be at the bottom of a list of global
concerns.

There seem to me several big problems about this aspect of the “Copenhagen Consensus”. First is that it is
not even a consensus amongst those specifically chosen for the task; I know directly that at least one of those
cited has publicly disavowed the conclusions on climate change and complained of being misrepresented, I am
told another has expressed similar concerns.

Second, measuring the value of impacts on developing countries is fraught with diYculties—not only ones of
physical impact and economic measurement, but also of global aggregation. As alluded to in earlier evidence,
the IPCC was nearly torn apart by the debate around the monetary value of statistical life in developing
countries being far lower than in rich countries, and the ensuing debate in my view clarified that the key
questions surround who is expected to pay, from what resource, and what value should they place on damage
they inflict on others—which is an ethical question, that can be expressed in terms of equity weighting, but for
which values cannot be deduced purely from economic reasoning.

To focus on the substance of the position put forward by Bjorn Lomborg, the main need is to be clear how
the question is posed and constrained. Overseas Development Assistance is about 0.35 per cent of rich-country
GDP in total. If by prior construction, we are not allowed to question the disposition of the remaining
99.65 per cent of rich country wealth in relation to the damages that consumption imposes on others, then we
are forced to choose whether we should divert some of the relatively tiny amount we give to alleviate current
suVering in poor countries into climate change mitigation instead. I consider that to be an immoral way of
constraining the choice, not least because the climate damages are associated with our consumption, not with
our foreign aid expenditures.

To try and define climate policy as a trade-oV against foreign aid is thus a forced choice that bears no
relationship to reality. No government is proposing that the marginal costs associated with, for example, an
emissions trading system, should be deducted from its foreign aid budget. This way of posing the question is
both morally inappropriate and irrelevant to the determination of real climate mitigation policy.

4. The Role of Technology and its Relationship to Policy

New technology will be central to delivering long-run solutions to climate change. Behind this consensus, the
economic and policy implications are complex and contentious. Having read some of the earlier evidence to
this Committee, I would like to oVer the following main points. The essential context is to recognise that
innovation is not just about public R&D. Energy-consuming choices and most supply investments are now
made by private entities, and major innovations have to traverse a long and risky “innovation chain” to get
from basic R&D to market diVusion.

Low carbon innovation needs to address a wide range of technologies and systems at diVerent stages of
development: there is no “silver bullet” or “key” set of technologies. Energy-related CO2 emissions arise from
three broad categories of end use (buildings, industry and transport) and two major conversion sectors
(electricity generation, and fuels refining). Each involves diverse activities, and low-carbon solutions are likely
to involve a range of technologies within each. Many low-carbon technologies are already developed, but
insuYciently deployed. Energy innovation strategies must thus be broad-based, must encompass both end-
use and conversion systems, must connect innovation and deployment, and must harness ongoing private
investment.
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Innovation is a continuous, market-based process; the history of state intervention in energy technology has
been poor and technology transfer from government funded programmes into private investment is diYcult.
Whilst there have been some qualified successes (such as the French nuclear programme), other programmes
have consumed many £bn without delivering commercially viable products (eg UK AGR reactors, US
Synthetic Fuels Corporation): governments are not good at “picking and funding winners” without market
rigours. Innovation is a continuous process in which market feedbacks, experience from investment
(“learning-by-doing”) and scale economies are crucial. The key is to accelerate learning and diVusion of
diverse low carbon technologies, starting with those already close to market.

The energy sector, and in particular utilities and buildings, are regulated sectors with exceptionally low
inherent innovation. The bulk construction industry is notoriously conservative, also the utility industries are
less than a tenth as R&D-intensive as sectors like information technology or pharmaceuticals. New
technologies do not oVer the marketing incentive of product diVerentiation (insulation, or new generation
technology, does not change the product that final consumers see). We are seeking radical innovation in
sectors which have been dominated by the same basic set of technologies for at least half a century.
Furthermore, they are regulated sectors in which regulation does not reward, and may deter, innovation.

Properly implemented, policies for low carbon resource eYciency and innovation have potential to improve
economic competitiveness. Technology studies highlight enormous scope for both carbon and cost savings,
and empirical evidence from implemented programmes suggests that such savings can be delivered in practice
given appropriate policy. In addition, successful development of low carbon industry sectors could improve
UK industrial competitiveness as carbon constraints extend internationally. This does not imply that the lunch
is free: one needs to invest something (money and/or political eVort) to get the potential returns.

The scale of innovation investment required to deliver low carbon energy systems is beyond the reach of most
individual governments. A few new supply technology industries have been successfully developed for just a
few £bn subsidies (eg wind energy in Denmark and Germany, ethanol in Brazil). However the “learning
investment” required to make solar PV competitive has been estimated at US$20–100 billion, that required
for advanced biomass and sequestration may be comparable. The International Energy Agency has estimated
that learning investments totalling up to $400 billion over the next three decades may be required to make very
low-carbon power systems viable globally.

Practical policies to deliver low carbon innovation at scale must combine R&D with targeted market-based
instruments that move ongoing private investment towards low carbon technologies. The $400 billion cited is
under a tenth of estimated global power sector investment needs over the period (investment in other parts of
power system could double this). Measures like the UK Renewables Obligation Certificates can divert
increasing amounts of this towards low carbon innovation, financial instruments (like grants and subsidised
loans) can contribute earlier in the innovation chain, whilst additional instruments may be required eg. to
foster eVective spin-outs from university research. The appropriate mix, balance, and cost-eVectiveness of
instruments to foster low-carbon innovation is not well understood, policy needs to encourage a diversity of
approaches domestically and internationally.

The “benefit/cost” ration of market-based innovation may be large—if we can get it right. Public support for
investment in many demand-side technologies is justified by the documented market barriers and imbalances;
though economic assessment is complicated by transaction costs, programmes nevertheless frequently deliver
net economic savings over project lifetimes. There is no evidence that energy eYciency technologies have any
less potential for innovation than supply technologies; it is just that current practice is further from the best
of existing technologies and the incentives for deeper innovation are therefore even weaker than in supply
technologies. Strategic deployment of a low carbon supply technology generally has to “buy down” its cost,
to the level of higher carbon alternatives (whose costs may also decline, but more slowly as an incumbent
technology) plus the gradual incorporation of carbon costs, after which it generates profits (figure 4).
Development of the Danish wind and Brazilian biofuels industries each required sustained government
support over decades. The Danish subsidies totalled $1.3 billion, and Danish wind companies now earn more
than that each year. At current oil prices, Brazil may soon similarly recoup its investment in biofuel
technology. For low carbon innovation, the time to commercial viability—and hence the incentive for private
investment in the technology—may be strongly aVected also by the emergence of a “carbon price”.
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Figure 4. Technology “strategic deployment” costs and subsequent benefits, including 
potential impact of rising CO2 prices  

The grey area illustrates the strategic deployment subsidies needed to secure learning-by-doing cost
reductions, declining per unit until a break-even point is reached, after which new technologies produce
electricity below the costs of established technologies (whose costs may also decline, but generally more slowly
since they are already developed and deployed at scale), with potential benefits as indicated in the striped area.
The time to break-even, and the longer term gains, will also depend upon the emergence of policies that reflect
environmental damages. In economic terms, the up-front subsidies seek to internalise the benefits of strategic
learning, which to a large degree is an external, public good.

5. The Kyoto Protocol from an Economic Perspective

The Kyoto Protocol has four main elements:

— it states that the way to solve the climate problem is for countries to negotiate quantified, binding
limits on their overall greenhouse gas emissions, sequentially over time as the uncertainties reduce
and they gain experience;

— these commitments are embedded in a variety of flexible market-based instruments like emissions
trading, to make them as eYcient as possible;

— the Treaty specifies the first round of limits, on emissions during 2008–12 for the industrialised
countries that had already agreed in the original Convention to take the first specific steps;

— it has various provisions to bring in the rest of the world, including the “Clean Development
Mechanism” under which industrialised countries can gain emission credits for investments that
reduce emissions in developing countries.

Like any agreement, it is far from perfect, but it is basically a sensible package. In its emphasis upon sequential
negotiations to learn as knowledge evolves; in defining commitments in terms of the outcome (emissions, on
as wide a gas basis as practical, rather than trying to mandate specific technologies, policies, or measures); and
in building in an unprecedented array of economics instruments with global reach, it is a Treaty probably more
strongly influenced by economic reasoning than any other in history save those specifically related to trade
and investment.

Economic critics seem torn between criticising the Treaty for being too strong, and deriding it for being too
weak. The fact that its first period commitments will not solve the problem is self-evident but misses the point
entirely: no one step, defined for a first period of five years, will solve a century-long problem. Yet no-one in
their right minds would try to get a binding global agreement that mandates all national emissions (or actions)
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for the rest of the Century. A sequential approach that allows for learning is the only sensible approach, and
no big journey can be completed if one does not take the first step.

This intrinsic reality does however considerably weaken the value of Kyoto in terms of driving innovation,
particularly since implementation legislation (of which the flagship is the European Emissions Trading
System, which started operating in January 2005) has been slow and relatively weak. Carbon-based market
signals (such as the EU ETS) may accelerate diVusion of commercialised low carbon technologies, but their
practical impact on innovation incentives remains modest because the prices are so low and the future remains
so uncertain.

The national caps under Kyoto form a rather diVerent role, in terms of guiding government policy and
signalling the need for longer term innovation-oriented policies that could help to support deeper reduction
targets in the future. The existence of the Kyoto system may aVect strategic R&D in some of the big
multinational companies, because it does signal that low carbon technologies will have a value in the future.
But in my view, such a system clearly needs to be complemented by additional policies that support low-carbon
innovation more directly. I think it remains an open question how much of such technology innovation policy
needs to be coordinated at an international level, but it is certainly a very interesting and important topic. I
do not see however that this can displace the need for some Kyoto-type architecture as the foundation of long-
term global eVorts.

9 March 2005

Examination of Witness

Witness: Professor Michael Grubb, Imperial College, examined.

Q379 Chairman:Good afternoon, Professor Grubb. rates. The diagram tries to illustrate that our starting
Thank you very much for coming to talk to us and for point is one in which, as the evidence earlier
the written evidence you have sent to us, which is very indicated, developing countries are emitting maybe
helpful. You have been here many times and you one-fifth of what we emit and one-tenth of what is
know the form. We will try to keep the questions emitted in the US and yet they constitute about four-
short and perhaps you will keep the answers short. fifths of the global population. It does not seem to me
Do you want to say anything before we start our incredible that for the rest of this century they will
questions? aspire and possibly succeed in reaching something
Professor Grubb: Only to thank you for the invitation close to current levels in rich countries. In that case,
and say that it is an honour to be here. I think scenarios which double or treble global

emissions from present levels are actually
disturbingly plausible. To some extent, a lot of theQ380 Chairman: We have had a lot of evidence on
detail has been a distraction from that core fact. Thethe IPCC emissions scenarios. The message we are
IPCC’s high scenarios are in the region of a bit moregetting is that the high emission scenarios are not
than a trebling of current emissions by the end of thevery credible. There appear to be various problems
century. Regarding convergence of developingwith the IPCC exercise: exaggerated global growth
country economies, I think the future, as we haverates; non-credible population projections; wrong
said, is intrinsically very uncertain. If you look at theassumptions about the rate at which the rich and
recent growth rates for India and China, which—letpoor economies will converge; and the misuse of
us face it—are a very large part of this particularexchange rate assumptions. I wonder what your view
puzzle, those have exceeded anything projected in theon the high scenarios is. Are they credible or
IPCC. I would add one other point and that is thatplausible? Our worry is that the IPCC may have
the scenarios of the IPCC are technologically quitecreated unnecessary alarm with its high projected
rich. Their low scenarios involve a considerable movewarming rates. What would your view be about that?
towards low carbon technologies; their highProfessor Grubb:The first thing to say about the IPCC
scenarios assume that, as the oil market, if you like,scenarios is that they do span a very wide range. I
gets a lot tougher, it is harder and harder to findwould say the very high scenarios are probably a bit
conventional oil and that the world’s transportless improbable than the very low scenarios, in the
system will start to move towards coal-basedabsence of any policy action. I do not consider either
liquefaction. If that were to happen, and that is Iextreme particularly likely. On this particular point,
think the direction in which current investmentI would refer you to my written evidence and to a
would be pointing if there is no policy to counter it, adiagram I deliberately included because I wanted to
trebling by the end of the century is not incredible.try to get away from the very detailed assumptions

about purchasing power parities and convergence No, I do not consider them highly improbable.
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natural limits, if you like, which arise from economicQ381 Lord Skidelsky:We have heard relatively little
about the Kyoto Protocol. Some witnesses have been growth itself? That is, you have described it as the
clearly telling us that it does next to nothing for rates Kuznet’s curve, the decoupling of emissions from
of warming. Is that your view and, if so, can you tell growth, so as countries become wealthier or their
us why very little happens? I think it is actually not income per-capita increases, there is a proportional
your view because in your written evidence you call increase in CO2 emissions. To what extent can you
it basically a sensible package. Could you elaborate rely on that to slow down the rate of our CO2
on that? concentration by what you would call the growth
Professor Grubb: Yes. I must admit that I find the process itself?
statement that Kyoto does not achieve anything a Professor Grubb: I will make two comments in relation
very strange argument. I think it may reflect quite a to that. One is that the idea of the environmental
misunderstanding of what the Kyoto Protocol really Kuznet’s curve has a long history and it has been
is. Let me start by saying there are four what I call traced in various pollutants. Countries emit more as
really core elements to Kyoto. The first is that it is a they start to industrialise and then at some point their
commitment to a process of negotiating quantified emissions start to go down. The most essential point
limits on emissions, to be negotiated sequentially of that debate is the recognition that it is not an
over time as knowledge and evidence accumulates autonomous process, it is driven by regulations
both about the problem and our knowledge of the because as countries get richer they start caring about
progress in tackling emissions. Second, it sets the environment more, they develop the legislative,quantified targets for industrialised countries in the

institutional and, indeed, technological capacity andfirst period, which are average emissions for 2008–12.
legislation comes in which tells industries to clean upThird, it embeds that in a range of economic
its act in ways that were not a priority during the earlymechanisms which are called Kyoto mechanisms,
stage of the legislation. I think it would be alike emissions trading and joint implementation
fundamental mistake to think the Kuznet’s curve is ainvestments. Fourth, it engages developing countries
description of some autonomous automatic processthrough a range of mechanisms, including the basic
which gets governments oV the hook of having to dostandard reporting packages, but also through
anything. It is more of an expression of the impact ofprovision of technology transfer and the clean
government regulation. The second point is that indevelopment mechanism. In the context of your
the area of carbon—this is an area I have done aimmediate question, the first one of those is the most
certain amount of research on—it is a reallydirectly relevant. I refer you back to the first question,
complicated and messy situation. If you look at thewhich was about emissions trajectories over the
data, it is quite clear that the early stage ofcentury. Viewed in that sense, the Kyoto Protocol’s
industrialisation, getting up to 5,000/10,000 dollarsnumbers attach to its first commitment period and, if
per capita, may get you up to emission levels ofwe were to repeat five-year commitment periods, that
something like one and half tonnes, maybe twowould be the first out of 18 such steps over the
tonnes, per capita of carbon. I have to say, evencentury. I guess one can draw various analogies. You

do not make the journey if you do not step on the though one recognises those industries are pretty
train. The journey of 1,000 miles starts with the first ineYcient, there is absolutely no denying the fact that
step. There are many other analogies. If Caesar had basic industrialisation involves a lot of construction
crossed the Rubicon but then sat there for the next and other heavy industry which is going to emit and,
100 years, his would not have gone down in history. also, the beginnings of a consumer economy. The
The opening up of the possibilities and the data after that is surprisingly scattered, it is all over
commitment to go on a journey I think are absolutely the place. Very rich countries do not necessarily emit
central to Kyoto. The other point I would make is more per capita than the ones in the mid-range
that I think delivering on the first round of income. It would make a huge diVerence to the future
commitments will be very important both in whether, in a sense, the norm was something close to
demonstrating the viability of some of the emission one and a half tonnes of carbon per capita or
control policies and associated technologies and something close to five, that would make an
helping to embed the technologies in the industries

enormous diVerence to our future prospects. Wewhich deliver them. Then they are in a position to
have some technological prospect for seeingdeliver bigger reductions in the future. I think you
something more like the classical Kuznet’s curve, bywill gather that my view is indeed for the Kyoto
seeing those emissions really coming down. Some ofProtocol. The statement that its impact is trivial is a
that remains mired in technological uncertaintyvacuous statement, it misses the point of what the
about industrial substitution processes and so forth.Kyoto Protocol is and is there for.
As was discussed with Adair Turner, there is a lot of
scope for innovation as well in non-carbon energyQ382 Lord Skidelsky:On the first point of the Kyoto
services. The core point I was trying to make is it doesProtocol, of the binding limits on overall greenhouse

emissions, to what extent do you think there are not look hopeless because there is no iron law which
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that we start trying to deter too much of that tenis saying, “As we get richer we must emit more”,
essentially it is saying we have passed the stage of trillion dollars going into new coal based power

plants because once you have sunk that capital intoinevitable emissions growth based on current
technology, and there is a lot we would expect to be high carbon emission stock, it is going to last for 50

years, you have a much bigger economic problem. Iable to deliver in terms of emission reductions, and if
we start down that path it could take us a lot further; think the role of a cap and trade system in simply

firing a major warning shot against financierswe do not quite know.
thinking of funding coal power stations is a very
important role. I do not think it is suYcient to

Q383 Lord Layard: I would like to pursue that. You stimulate a lot of industrial low-carbon investment
have given us a fascinating figure, to make very low by the power sector. Let us remember we are talking
carbon power systems viable globally will probably about a sector which is extraordinarily low in terms
cost 400 billion dollars over the next few decades. of its innovation investment. I believe the R&D
There are a couple of questions on that. Firstly, how intensity of the utilities is certainly under a twentieth
does that compare, as a share of the world GDP, for of that of, for example, pharmaceuticals or
example, with the cost of the moonshot? Secondly, information technology. This is a sector which has
can that money be eVectively spent if it is raised—I stayed rather conservative and is very wary of
am not sure how much of that you think would have investing very much in innovation and we want it to
to be raised—from public sources and can you tell us deliver a lot more innovation. I think it would be very
your picture of how the Government can induce hard to expect them to go to the City of London and
innovation? How much has to be basic and, say: “Can you lend us a billion for investment in a
therefore, publicly supported and how much can be speculative technology because governments are
at a developed level where private entrepreneurs will introducing a cap and trade system and we do not
get their money back? Can you give us your picture know what the targets are and what the price is going
of how this innovation process can optimally be to be in 10 years’ time, but please give us a billion
developed? What kind of international agreement, if pounds anyway”. I do not think there is an
any, is required to make it happen? investment security which justifies the more
Professor Grubb: That is quite a set of questions, if I speculative innovation investment one needs. I think
may say so. On the first one, I was citing the figure that is why we need a suite of other instruments. I
from the International Energy Agency. To put that in think the renewable obligation certificates certainly
context, the estimated investment requirements of played a useful role, but by no means are they the
the global electricity industry, over the same period, whole story.
are about ten trillion dollars. So in the order of, or
maybe a bit less than, one twentieth of the projected

Q384 Lord Macdonald of Tradeston: Professorinvestment needs of the electricity sector, if you
Grubb, I still have a problem with the relevance of thebelieve those IEA numbers, is what would be
eYcacy of Kyoto as you describe it. It is ansuYcient to flip us from a high carbon path to a low
internationally binding treaty, as we understand it, incarbon path in electricity. I would not wish to say
international law, but that would not seem to meanthat is a small amount of money, but you asked me
very much if the punishment for non-complianceto set it in context. In terms of global GDP, I believe
now is stricter emission targets in the next round ofelectricity is between one and two per cent. So the
agreements. What is the incentive there for people toadditional low carbon innovation investment looks
sign up and punish themselves for non-compliance?like less than 0.1 per cent of GDP. Whose money
The other thing is, since it seems that so few countrieswould that be? I think one thing we have learned is
are on target for their Kyoto agreements, is there notthat purely spending Government money on some
a big risk of people simply concluding that they haveblue skies technologies very often does not deliver the
somehow been fooled into thinking that thisgoods as well as we might like. It can deliver a
agreement, which has been rather fetishised in someconstituency of people who depend upon
quarters, is hugely important and eVective?Government money, whilst mainstream industry

continues with the technologies they trust; they have Professor Grubb: Certainly I think there is a problem
with any agreement which is either fetishised or, forto be engaged. We have to make sure a considerable

part of the money required is private money going that matter, demonised, we would seem to have equal
dollops of both, for Kyoto, which is perhapsinto investment and innovation. As for the

instruments which would help deliver it, I think we unfortunate. You asked two questions, let me take
them in turn and, also, perhaps, just underline myneed a suite of instruments. I think some kind of

carbon price or carbon cap and trade mechanism is answer to the earlier Kyoto question, which is
somewhat rephrasing the first step, and that doesvery important, partly because it sends the right

signals that there will be a value to lower carbon sound a very boring thing to aim for. I think if we
balk at the first step and cannot deliver it, then we cantechnologies in the future, also, it is quite important
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domestically are going to have to be investing a lotbe fairly sure we are not going to make the journey.
more internationally.The first part of your question is really about

participation and compliance. Participation,
obviously we have seen that the US was not willing to Q385 Lord Macdonald of Tradeston: I suppose you
deliver its Kyoto target and is disputing the regime. will agree with the third part of my question then, and
On the compliance of 140 odd countries which have that is, what the public reaction would be, because as
ratified the Treaty, there is a fairly basic question here I understand it from the witnesses we have heard,
which is really not about the Kyoto Protocol, it is even if all those countries did what was required of
about international law. Why do countries sign up to them under Kyoto, the delay in the process of global
agreements and stick to them? Why do they sign warming would be virtually insignificant. If the
treaties? Why do they ratify them and why do they general public understood that, do you not think that
then generally deliver their obligations rather than would further undermine the credibility of this
just walking away? The Kyoto Protocol is slightly process?
unusual in that it at least specifies some consequences Professor Grubb: That comes right back to the
of non-compliance. Most treaties do not specify any previous question on Kyoto and its impact. I think
consequences at all, but countries still stick by them. the general public can understand that if you are
In a sense, that is not really a question to an faced by a big long-term problem, you do not expect
economist, but I had my 10 years at Chatham House to solve it all in the next five years. You have to do
and the answer is international law does matter. It is things which you can manage on the next step and
wrapped up in a very elaborate process of then move on to a subsequent round of negotiations,
negotiation, adoption, signing and then ratification, which may include deeper reductions, more countries
and ratification is the process by which the national and so forth. It should be within our reach to
legislature says: “We understand what we are communicate that to the public and to accept that
committing ourselves to doing and entering it into once the deal is struck, you should honour those
our domestic law”. If they then turn around later and commitments.
say: “We did not really mean it, it is all too diYcult”,
eVectively they are undermining the whole body of Q386 Lord Elder: I am still on Kyoto and the US
international law and the processes upon which it position on Kyoto. I wonder if you can sum up for us,
rests. In a sense, that is the best I can give you as an please, your views as to why the US did not ratify? I
answer as to why I think the countries that have guess what is important about that is it might give us
ratified Kyoto will not simply just say: “It is all too some indication as to what the chances are of getting
diYcult” and walk away. Your second question was, the US involved in future processes.
is that not by implication what they are doing, many Professor Grubb: In a sense, it is the billion dollar
countries are not really on course for their Kyoto question, certainly it is key. I think there are several
targets? In this context, I think it is particularly answers as to why the US pulled out of Kyoto. First,
important to understand the flexibility dimensions in they had a tough target; secondly, very little had been
Kyoto, namely the international trading mechanism done in the United States during the 1990s on their
and the international investment mechanisms. emissions, so by the time President Bush came into
Countries can choose to meet their targets either oYce, the cliV really looked extremely big in terms of
through domestic implementation or through domestic implementation and/or the US would have
international trading and investment. For example, had to invest a lot internationally in a way that the
the Netherlands has long stated that it intends to Republican Party was certainly not willing to
deliver half of its target at home and the other half countenance. From that perspective it was a very
through international purchases. In fact, slightly understandable decision in terms of the view about
paradoxically, the global deal around Kyoto really the US target by the time President Bush came into
hinges upon countries not completely delivering their oYce. However, it is true to say, also, that the whole
targets domestically because it is the gap between debate was highly politicised. This was viewed as
domestic emissions and national targets under Kyoto Clinton’s treaty and many Republicans hated the
that drives all the foreign investment to acquire Democrats for basically pushing through and
emission credits through the clean development designing Kyoto in a way that was going to require
mechanism and so forth. If every country delivered substantial action by the US. Certainly, some of the
its target entirely domestically, Kyoto would statements, at the time, made it quite plain that
probably come unstuck as developing countries and President Bush was rejecting Clinton’s treaty. He was
Russia would say, “There is nothing in this for us not worried too much about the rest of the world
because no country needs to buy anything or invest because he was not really thinking about that.
anything in us”. At the end of day, my guess is there Obviously there is a fair amount of politics around
is enough political force and legal force that countries fossil fuels and its influence through the US

Congress. Those were the bundle of reasons for thewill legally comply and those considerably adrift
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Obviously they enjoy phenomenal rates of growthrejection. As to the chances of getting the US back on
board, I think it is very important to be clear about which is exciting at the moment. What do you think

the prospects are, in the next five to 10 years, of themthe problem. In my view the problem in the US, at
present, is not specifically about Kyoto, it is about the having emission controls and targets? If they do not,

are we not imposing a rather pointless burden onreluctance of the US administration to do anything
substantive about its CO2 emissions. That is a ourselves?
diVerent problem, it is an even more diYcult one to Professor Grubb: Firstly, I accept your point about
tackle. I think that is the problem. I do not think you party politics, if you thought I was implying it is
would throw away a viable treaty just because one purely party political in the US, it is not; it is much
party does not want to solve the problem. That is an more deep rooted cross-party in terms of both
overly strong statement, but what I mean is the opposition and support for actions. I was merely
present Administration is very reluctant to do referring to some of the issues around, specifically,
anything which would involve it taking action now to the rejection of Kyoto. I think your question about
limit emissions in a significant way. I think that developing countries, again, is absolutely crucial.
situation will change. There is a lot going on in the One does have to draw quite an important distinction
US on this issue and a lot of it is swelling up from between targets and measures. It will be a while
state level action or from other quarters; some of it is before developing countries will agree to total
stimulated, also, by eVorts in this country and others. national emission caps, certainly not until after the
I think then you have to ask the question, if and when US is back in the system, for a fairly obvious reason.
the administration shifts its position and recognises it I do not think that precludes them possibly agreeing
needs to limit emissions as well as doing technology internationally to certain measures. There is a slight
stuV, what will it be looking for? I think what it will paradox, I find, in having observed the international
be looking for, first and foremost, is a framework negotiations, that a lot of developed countries tend to
which is economically eYcient, that covers the full talk-up the actions they are taking at home a great
range of greenhouse gas emissions, for example, but deal in the international discourse. A lot of
allows use of flexible instruments. I think they will developing countries seem to almost talk it down and
realise, possibly to their discomfort, that starts to deny that they are doing anything because they do
look an awful lot like Kyoto. Let us remember Kyoto not have any responsibility to do anything and that is
was very largely designed by US economic advisers. their national position. In reality, quite a lot are,
It was very much a US designed treaty inspired by US India has a renewable energy ministry and targets,
concerns about economic eYciency and that is why it China has a renewable energy portfolio and vehicle
has got an unprecedented array of economic standards; there is quite a lot going on. All I can really
instruments and that is why its commitments do not add is they are big sovereign countries and nobody is
single out CO2 in buildings or anything. They say, going to force them to do things if fundamentally
“The job of a country is to agree it is limiting its they are opposed. I think the prospect of developing
overall emissions” and then each country should be country action certainly is very bleak, if we cannot
free to sort out how to deliver that. I think the deliver and sustain action on the topic ourselves. I
Administration would come back to something believe the economics of our own action may have
pretty similar in its final design. Perhaps I would add some very fortunate spillover eVects partly in terms
one other thing, which is I think it is relevant to that of demonstration, but, also, in terms of technological
discussion to note that President Bush, when he first development, new industries that will reach out and
rejected Kyoto, promised to come forward with a then perhaps deliver their biggest emission
credible alternative and has not done so. I think that reductions over subsequent decades in developing
is because they have realised it is very diYcult to countries, and potentially do big business into the
fashion a credible treaty which is structurally totally bargain.
diVerent and does not involve those core features.

Q388 Lord Sheldon: Many of our witnesses—and
Q387 Lord Lamont of Lerwick: Is it not arguable this has come up this afternoon—have spoken about
that this is not really a matter of party politics in the the huge costs that we are talking about, although,
United States? Even when Clinton was in the White rightly, I think you and Adair both stress that it is the
House, not a single senator indicated he was prepared relative cost rather than the magic of the absolute
to support this. That may be reprehensible, but is that figures which you have been looking at. If I can

narrow the subject from the global side back to thenot an indication and an illustration of the
adjustment of the cost as they perceived it? I do not UK: the UK has set itself ongoing 50 year targets well

beyond Kyoto, with a 60 per cent reduction target,think it was so much party political manoeuvring, as
you were seeming to imply, but that is just on the side. but has placed the emphasis very much on energy

eYciency and improving all of that. It has not left aI wonder if I can move you on to China and India,
which have featured very largely in our discussions. message with the public that there is a huge cost out
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and households to change? Part of the answer isthere somewhere, even if it is much lower and we
should forget the abstinence. Are we being naive or people are reluctant to change and can do with a little

bit of carrot and a little bit of stick. I think it is quitedo you think we are being realistic? What do we think
in the UK? important to look at the actual evidence of real

programmes. As you probably know, I now workProfessor Grubb: Can I give a couple of reactions: one
is I am very sceptical about any very specific numbers half time for the Carbon Trust. The Carbon Trust’s

Energy EYciency Programmes last year were50 years out; there is bound to be huge uncertainty. I
think we can put bounds on it. I heard Adair Turner, evaluated to result in a total of about £200 million in

investment, yielding about £500 million of energyin a sense, pretty sensibly put the reasons why it
would be very unlikely to be bigger than several savings over a lifetime, and about £25 million of that

was public money. I think that is good business.percent in terms of GDP and the kind of reasons why
one might think it could be quite a lot lower. I believe Obviously there are some hidden costs which cannot

be captured in those calculations, but if they wereyou heard, also, from my colleague at Imperial
College, Dennis Anderson, last week on that topic. dominant I don’t imagine that industries would be so

ken to work with the Carbon Trust.My other broad comment is that I slightly worry if
the message being communicated is this is relatively Chairman:We have to go and vote. We have got one

question left to ask, so I wonder if it might be morecheap, because that is all relative. It is still big
compared with a lot of other public good projects. convenient to you if you give us the answer to that in

writing rather than coming back after the division. IfAlso, if one correlates relatively cheapness with really
very easy to do, I do not think this is easy to do. Let that is acceptable to everybody, I think we will draw

this part to a close, otherwise we will not be back forme quickly touch on the energy eYciency emissions
you have raised. There is no doubt that there is a huge about 20 minutes or so. I think the reality is that some

of us would find that diYcult. Can I say to you, thankpotential for energy eYciency, where I believe that
our economies diVer from the theoretical maximum you very much for coming and thank you once again

for the written evidence and for the helpful way inby a factor of 20 or more. There is very big potential
for stuV which we know about, which looks also to be which you answered our questions which we much

appreciate. If you can give us a good answer infairly cost eVective. There are a heap of questions as
to why do people not use more of it and what are the written form to the last question, we will be very

grateful.real economics of getting people to change, industries

Supplementary letter from Professor Michael Grubb, Cambridge University, Imperial College
and the Carbon Trust

The Committee asked me to address in writing their final question, which was sent to me as:

Q: Assuming climate change is real and serious, and given the very long list of non-carbon or low
carbon technologies available or nearly available, what do governments, including ours, have to do
to make the seemingly very large push needed to get the transition to low carbon moving? Or is this
really an issue for industry and for ordinary citizens to change their behaviour without relying on
government so much?

I have seen no evidence that a fundamental problem of “global public goods” such as mitigating climate
change can be addressed primarily through private or corporate actions without a significant role for
governments. Undoubtedly, some progress can be made through the combination of general public concern
operating in a privatised system, for example people willing to pay a small premium on their electricity bills to
buy from renewable energy providers. However, the take-up of such schemes remains very modest (arguably a
rational reaction, since individual contributions are insignificant in the absence of wider societal action—a
classical problem of collective action).

Also, there is considerable variation in the degree to which companies are acting on climate change. However,
it is notably that the most forward-looking companies on this issue have also been amongst those most openly
calling for government regulation, since by their nature, their prime responsibility has to be to their
shareholders and they cannot therefore bear significant costs unless their competitors are also required to
do so.

In delivering energy eYciency, its apparent cost-eVectiveness would appear to give more scope for unilateral
actions. However in practice, both survey work and barrier analysis conducted by the Carbon Trust does
indicate that eVective delivery still requires a combination of regulatory and support measures. With the
exception of energy intensive companies, for many others energy costs remain below the threshold of “don’t
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know and don’t care”, treated as an unavoidable operational cost rather than as an assessed procured good.
Without regulatory drivers—such as the CCL/CCA package and mandatory energy eYciency labelling and/
or standards, most such companies remain indiVerent to both climate and energy cost considerations, and may
well not even draw upon support available. Conversely, without support (to increase their access to relevant
information and services at minimum transaction cost), most companies cannot respond in the most eYcient
way to regulatory drivers.

I also wish to recall the section of my written evidence on the topic of innovation, and in particular the
observation that:

The energy sector, and in particular utilities and buildings, are regulated sectors with exceptionally low
inherent innovation. The bulk construction industry is notoriously conservative, also the utility
industries are less than a tenth as R&D-intensive as sectors like information technology or
pharmaceuticals. New technologies do not oVer the marketing incentive of product diVerentiation
(insulation, or new generation technology, does not change the product that final consumers see). We
are seeking radical innovation in sectors which have been dominated by the same basic set of
technologies for at least half a century. Furthermore, they are regulated sectors in which regulation does
not reward, and may deter, innovation.

Whilst measures that help to “internalise” carbon-related damages, such as cap-and-trade systems, can help
promote the use of technologies that already commercialised and close to being economic, is naı̈ve to believe
that this—even combined with traditional R&D and patent protection—can unlock major innovation-related
investments in such sectors, where numerous existing barriers to innovation are compounded by the
uncertainty and political risk about future carbon prices.

Thus in my view, in addition to measures such as the EU ETS, there is an important role for government in
fostering innovation in low carbon technologies, again with a core need to get the right balance of support
measures (eg funded RD&D, technology incubators, etc) together with regulatory drivers targeted at building
up commercially viable low-carbon-technology industries at scale (such as incentivised markets for
renewable energy).

The Committee’s Question, “what do governments, including ours, have to do to make the seemingly very
large push needed to get the transition to low carbon moving?” is a very big question, to which I have given
some broad reactions. If there is interest in mores specific instrumental assessments, I could oVer more detailed
input drawn from my roles as both coordinating the “System Evolution and Incentives” part of the Research
Council’s SuperGen initiative, and also in my role overseeing the Carbon Trust’s current assessment of options
for reform of the UK Climate Change Programme. But my understanding of the Committee’s brief, and
specific question, was at the higher level, and I have sought to address my remarks accordingly.

I hope that this addresses your request and that my evidence overall has oVered a useful contribution to the
Committee’s deliberations,

11 April 2005
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Memorandum by Professor Paul Ekins, Head, Environment Group, Policy Studies Institute, Professor
of Sustainable Development, University of Westminster, Co-Director, UK Energy Research Centre

(UKERC) (with responsibility for UKERC’s Energy Systems and Modelling theme)

1. Introduction

This evidence is concerned with the assessment of the costs of reducing carbon emissions with the objective of
mitigating climate change. This is directly relevant to the third set of issues being investigated by the
Committee: “the question of who bears the brunt . . . of the costs of controlling climate change”. The evidence
addresses the issue of these costs as they have been estimated for the UK, estimates which are likely to be
relevant for industrial countries more generally. The evidence is also relevant to the Committee’s interest in
the robustness of economic analysis in respect of climate change, and the role of the UK Government in
contributing to this, because much of the work described was in fact commissioned by Government
departments.

Analysis and estimates of the costs of decarbonisation make an important input into UK energy policy, and
were an important input into the UK Energy White Paper, which was published in February 2003. This
analysis concluded that “the cost of reducing CO2 emissions by 60 per cent by 2050 was in the range of
£200–£300 per tonne of carbon. GDP in 2050 was reduced by 0.5–2.0 per cent, equivalent to an average annual
reduction of between 0.01 and 0.02 percentage points from a business as usual GDP growth rate of 2.25 per
cent per annum.” (DTI 2003a, p 28) This evidence seeks to make a brief assessment of the reasonableness of
this estimate.

2. Modelling Energy Costs with the Markal Model

An important part of the analysis for the White Paper (described in detail in DTI 2003b), and that part which
generated the costs numbers cited above, was carried out using the MARKAL energy model. MARKAL is a
bottom-up model of the energy system that was originally developed by the International Energy Agency
(IEA) and has been used, and is still used, in many countries round the world, by governments, academic and
other research institutions, and consultancies. It is an established and much-used model with a well
understood structure and limitations. It was, therefore, a reasonable choice for the analysis that was carried
out.

The UK MARKAL model, which was operated for the White Paper analysis by the consultancy Future
Energy Solutions (FES) for the DTI, contains a variety of cost and performance data about diVerent
technologies within a structure of the energy system. Model runs seek to meet given energy demands (and any
imposed constraints, such as on carbon emissions) at least cost. Clearly the results that emerge from such
model runs are very dependent on the input assumptions about costs and performance that have been made
for the diVerent technologies.

Before looking at the input assumptions, it is worth asking whether the output from MARKAL, in particular
the cost result that the GDP costs of a 60 per cent carbon reduction by 2050 would be in the range 0.5–2.0 per
cent, is out of line with results from other models. In fact, there is evidence from a meta-analysis of the costs
of carbon reduction from a wide range of models (Barker et al, 2002) that the majority of GDP cost estimates
from these models fall within the same range as those from this use of MARKAL. Some of the cost estimates
are higher, and some are lower, but this is very much the central range of the estimates. While this says nothing
about the quality of MARKAL as a model, the fact that these results fall within the interval estimated by a
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very large number of other international and national studies means that they are not in themselves
implausible. However, they still need to be assessed in detail in terms of the input assumptions that
generated them.

3. The Input Assumptions to Markal

Two of the most important sets of input assumptions are those related to the costs of two major ways of
reducing carbon emissions: the development and implementation of more eYcient ways of using energy, and
the development and deployment of ways of capturing renewable energy sources. It is therefore worth
examining whether the assumptions used in these areas for the White Paper analysis were reasonable.

3.1 Energy Efficiency

The input assumptions to the MARKAL model on energy eYciency included an assumption that there was
some availability of currently cost-eVective energy eYciency measures, which are not yet implemented.
Whether there are in fact opportunities for cost-eVective energy eYciency measures that are not taken up, and
to what extent, is still a controversial issue among economists. Many economists believe that if such
opportunities existed, people and firms would take them up of their own accord. As evidence of this, it might
be thought that the existence of a number of subsidy programmes in the UK to promote energy eYciency
shows that the White Paper underestimated the costs of energy eYciency.

However, it is possible that these subsidies are necessary to overcome a number of non-financial barriers to
the take up of energy eYciency measures (ranging from landlord-tenant problems, to a lack of interest in and
information about the products and measures, to capital constraints, to a dislike of disruption to the home).
In recent years there has been a substantial accumulation of evidence in the UK, from analyses of the early
home energy eYciency programmes by the National Audit OYce (NAO 1998), to the data contained in reports
from the Performance and Innovation Unit, the Energy Saving Trust and the Carbon Trust (PIU 2002, EST
2002, Carbon Trust 2004), to the significant over-achievement under the Climate Change Agreements (CCAs,
AEAT 2003a,b, DEFRA 2003, Ekins 2005 forthcoming), that suggests both that opportunities for cost-
eVective energy eYciency measures exist, and that the policy measures that have been implemented to realise
them have indeed saved the relevant parties both energy and money.

Of course this evidence is not entirely conclusive, and doubtless debate about the extent of unimplemented
cost-eVective opportunities for energy eYciency will continue. However, having been someone who, as an
economist, was sceptical of the claims about cost-eVective energy eYciency opportunities, I now believe that
the balance of evidence (both in terms of research showing the existence of “barriers” to energy eYciency (see,
for example, Sorrell et al, 2004), and in terms of actual policy-driven implementation of cost-eVective energy
eYciency measures) is now clearly showing that these opportunities exist. While it may be possible to
characterise some of the barriers to the implementation of cost-eVective energy eYciency measures (such as
household disruption) as “costs”, the fact remains that, if they are overcome, in financial terms (and therefore
in GDP terms in aggregate) the economy will be better oV.

Of course, to say that cost-eVective energy eYciency opportunities exist does not mean that they are easy for
policy to realise in practice (and the model used a 25 per cent discount rate on the demand side to define cost-
eVectiveness conservatively in terms of a four-year payback). But it does mean that if people can be subsidised
or coerced into realising these opportunities, then they will save money and, other things being equal, carbon
emissions will be reduced at negative net financial cost, which is what the energy eYciency inputs (up to some
level) to the MARKAL model assumed. I consider that such an assumption now represents the evidence-based
position.

3.2 Renewables

In the MARKAL modelling for the White Paper the cost estimates for a wide range of low or no carbon
electricity generation technologies were in the range shown in Table 1. It can be seen that, between 2000 and
2040 they range from about 2.5–4.5p/kWh (compared with a current average wholesale price of electricity of
around 2p/Kwh).



3091991033 Page Type [E] 24-06-05 17:35:20 Pag Table: LOEANY PPSysB Unit: PAG9

180 the economics of climate change

22 March 2005

Table 1

Estimated Costs for Selected Low-Carbon Technologies

Capital Fixed op. Load Plant Electricity
Year Cost Cost EYciency Factor Life cost

Core assumptions available £/kW £/kW % % % p/kWh

Existing GTCC 2000 12.0 40 90 2.2
New GTCC/CO2 CCS 2040 450 17 66 90 25 3.1
Existing Nuclear 2000 80 75 40 1.2
New Nuclear 2020 1,100 60 85 40 3.0
Energy Crops 2030 700 30 50 85 25 2.6
Wind On-shore 2000 530–570 17–20 28–50 20 2.5–4.3
Wind On-shore 2040 330–360 15 28–50 20 1.6–2.8
Wind OV-shore 2040 450–510 16–21 29–43 20 2.8–3.7

Source: DTI 2003b, Annex C, pp 116 V.

Such cost estimates are extremely uncertain, especially for technologies such as renewables which are still in
their infancy, and especially in respect of time horizons as far out as 2040. It is especially diYcult to incorporate
such elements as the network and grid costs for these technologies (such as the back up required for the
intermittency of some renewables, and the reconfiguration of the distribution network which would be
required for extensive distributed generation), because the precise nature of what is required is still not clear.
It is also not easy to include some of the benefits of new technologies (for example, distributed generation can
reduce transmission losses, and the availability of wind energy is higher in winter when demand, and peak
demand which is the most expensive to service, is higher). The modelling in MARKAL sought to capture the
cost of back-up associated with intermittent generation, by only allowing a proportion of intermittent (for
example, wind) capacity to count towards firm capacity at times of peak demand.

One estimate of the costs of generating 20 per cent of UK electricity in 2020 from wind has put them at 3.3p/
kWh, including generation, variable and network costs, compared to fossil fuel (CCGT) generation costs,
calculated on the same basis, of 2.98p/kWh (Dale et al, 2004, p 1954). For comparison, as shown in Table 1,
the range of wind costs used as input into the MARKAL model were 2.5–4.3p/kWh for on-shore wind in 2000,
1.6–2.8p/kWh for onshore wind in 2040, and 2.8-3.7p/kWh for oVshore wind in 2040. Clearly this too is
contested ground, and likely to remain so for some time, but this evidence suggests that the inputs in this area
used for the MARKAL modelling are in the centre of the range of cost estimates for wind.

Even so, with the current costs of gas-fired generation well below those of renewables (except perhaps onshore
wind at the best sites), renewables would at present not be deployed without subsidy, and it may be that in
order to reach Government targets for renewables (10 per cent electricity generation by 2010, 20 per cent by
2020), the subsidies will need to be significantly larger. This does not mean that the MARKAL-estimated GDP
costs of carbon reduction for 2050 (0.5–2.0 per cent GDP, as noted above) are necessarily too low, for at least
two reasons.

Firstly, the level of subsidy for wind (and other renewables) now (or even up to 2020) says absolutely nothing
about the GDP costs in 2050 of having introduced substantial renewable generation by then, which is what
the MARKAL model is estimating. This depends on a whole range of other factors, of which probably the
most important are the extent to which it is assumed that innovation brings down the cost of renewables, and
the level of fossil fuel prices. Clearly such factors are also uncertain, but there is no evidence that the rate of
innovation or the fossil fuel prices assumed in the MARKAL modelling were too high (too high oil prices
would reduce the net cost of implementing more expensive non-fossil alternatives). In fact the highest assumed
oil price in 2050 in the various scenarios that were modelled was $35 per barrel [DTI 2003b, p 68], well below
the $50 per barrel that was reached in 2004). These issues are far more important to the 2050 GDP costs of
decarbonisation than the current level of renewables subsidies.

Secondly, it is not straightforward to go from the direct costs of renewables (as expressed through the level of
subsidy that needs to be paid for them) to the GDP costs of their introduction. The standard MARKAL model
(that used for the analysis) is a partial equilibrium model, not a general equilibrium model or macromodel
(which incorporate feedbacks between the energy and economic systems, which the standard MARKAL does
not). However, this is likely to exaggerate the GDP costs of introducing renewables, rather than the reverse.
This is because the MARKAL modelling for the White Paper does not take account of the way in which a real
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economy would adjust to reduce the macro-costs of introducing renewables. If such introduction raised the
price of energy, then consumers and firms would use less of it, new energy eYciency technologies would be
developed and introduced, the renewables industries themselves would employ people and generate incomes
and, perhaps, exports (as the Danish wind industry has done). All these linkages would tend to reduce the
direct costs of introducing renewables, which is what MARKAL calculates. It is therefore possible to argue on
these grounds that the MARKAL GDP-cost estimates of carbon reduction are too high, rather than too low.

4. Sensitivity Analysis

Because of the uncertainties (noted above) in many of the key modelling variables in the modelling exercise
carried out for the Energy White Paper, sensitivity analysis (changing the variables to see how they aVect the
outcomes) is critical. As noted above, this analysis generated a range of GDP cost estimates which diVered by a
factor of 4 (0.5–2 per cent GDP). The final question that is addressed here is whether the range of assumptions
employed in the sensitivity analysis actually matches the range of reasonable uncertainty about some of the
parameters.

The range of costs for wind used in the modelling are given in Table 1. It is interesting that all the low-carbon
technologies considered in the modelling (which included nuclear, hydro, waste, wave, tidal stream, onshore
wind, oVshore wind, biomass, PV and CHP) had estimated costs in 2040 for at least some of their output in
the range 1.6–4.0p/kWh.58 This means that if any one, or even a few, of these technologies fails to deliver the
cost reductions over 45 years which are assumed in the model, then low-carbon generation can be supplied by
a mix of the others.

The nine diVerent possible generation mixes which were calculated as part of the sensitivity analysis (see Figure
1), all of which resulted in generation that contributed to a 60 per cent overall reduction in carbon emissions
by 2050, vary enormously in the technologies that are used. It is only if the costs of all, or the great majority
of, the low-carbon technologies fail to reduce substantially with increasing deployment that the costs of low-
carbon generation, and thence of carbon abatement, would be significantly above those estimated.59 Past
experience with the costs of new technologies would suggest that, while possible, this is unlikely.
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Figure 1: The Results of MARKAL Sensitivity Analysis: Nine Different Possible 
Generation Mixes for 2050 (Source: Taylor 2004)

(Source: Taylor 2004)
58 In the modelling many of the technologies had diVerent cost tranches representing slightly diVerent applications or locations of the

same technology. In 2040 some of the most expensive tranches for domestic PV, tidal stream and large-scale wave had costs greater
than 4p/kWh (but less than 6p/kWh)—while cheaper tranches of the same technologies were less than 4 p/kWh at this time.

59 When technology cost and performance were frozen at 2010 levels for the whole period, and a 70 per cent emissions reduction was
applied, the GDP loss in 2050 was 3.6 per cent, but even with these extreme assumptions the GDP loss was below 2 per cent for an
emissions reduction of 60 per cent. (personal communication with Peter Taylor, Future Energy Solutions, November 2004).
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On energy eYciency the investment costs were estimated to range from £0–50/GJ in the household sector, and
£0–35/GJ in industry and services. Some energy eYciency improvements were achieved at negative net cost
once fuel savings were taken into account. The maximum uptake of energy eYciency in the model yielded
improvements of 55 per cent for households and 35 per cent for industry and services. The rates of
improvement were varied in the sensitivity analyses from the maximum improvement delivered by the model
to the historical average improvement of the last 30 years (medium improvement) to the historical average
improvement of the last 10 years (low improvement). It was the latter assumption that generated the highest
costs of carbon abatement, but still below 2 per cent of GDP by 2050.

As with the costs of electricity generation, these assumptions do not seem unreasonable. As noted above, there
is substantial evidence that opportunities for negative-cost energy eYciency improvements are widespread,
while the assumption that the rate of energy eYciency improvement remains the same as that of the last
10 years, despite new government policies, is positively pessimistic.

In addition to considering reduced energy eYciency and diVerent sets of technology costs and exclusion of
technologies, the sensitivity analyses also took into account possible limits on natural gas, reduced innovation,
infrastructure issues, and the issue of wind intermittency. With the worst-case assumptions, the costs of a
60 per cent reduction in carbon emissions by 2050 still came to less than 2 per cent of GDP. I come to the
conclusion from this brief examination of the issue that the range of sensitivity analysis assumptions employed
in the MARKAL modelling for the White Paper do not seem unreasonable.

5. Conclusions

Estimates of costs in 2050 of deploying a wide range of new technologies are bound to be uncertain. Within
the bounds of this uncertainty, however, the analysis above suggests that:

— MARKAL is a reasonable model to use for calculations such as were carried out, provided that (as
with all models), its characteristics and limitations are borne in mind and input assumptions are
carefully chosen and justified;

— The cost estimates used as inputs to the MARKAL model were both reasonable in themselves, and
in accordance with both evidence and mainstream calculations of such costs;

— Sensitivity analysis varied these input cost estimates so that they represented fairly pessimistic
assumptions about the likely development of these costs; and

— The MARKAL output cost estimates (the 0.5–2.0 per cent of GDP) were very much in line with the
majority of other estimates of these costs, derived from a wide variety of diVerent models.

These conclusions about the analysis of the estimates of carbon reduction carried out by the Government for
the Energy White Paper suggest a number of conclusions for this House of Lords Inquiry:

(i) Many people might regard the estimated costs as a relatively low price (a maximum of one year’s
increment to a national economy that is growing at 2 per cent per annum) to pay for a cut in carbon
emissions which, if matched globally by other industrial countries, would be likely to do much to
avoid the worst eVects of climate change.

(ii) The estimated cost of carbon reduction in 2050 suggests that eVective policies to reduce emissions
are not incompatible with continuing economic growth and prosperity.

(iii) However, this relatively low cost in 2050 says nothing about the policy and political diYculties of
actually achieving the cuts in emissions that are required. Much political skill will be required to
make acceptable the costs of such policies as the Renewables Obligation or the EU Emissions
Trading Scheme, and such changes in behaviour as foregoing an explosion of cheap foreign air
travel, both of which are needed if carbon emissions are to be reduced by the extent envisaged.

(iv) The analysis commissioned by the UK Government of the policies outlined in its White Paper made
a significant contribution to understanding of the broad economic implications of reducing carbon
emissions by 60 per cent over 60 years.

25 January 2005
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Examination of Witness

Witness: Professor Paul Ekins, Policy Studies Institute, examined.

Q389 Chairman: Good afternoon and welcome to Professor Ekins: I will try to answer the second part of
the question first, if I may. In any economic matter,the Committee. Thank you for sparing the time to
it is clearly not misguided to ask for some insightscome to talk to us and for the written evidence which
into the costs and benefits of the matter in question.has been circulated to the Committee. We are hoping
Climate change is largely a result of economicthat you can help us further by answering some of our
activities and it will have considerable economicquestions but is there anything you want to say
impacts on some estimates of what those impacts arebefore we start or would you like to go straight into
likely to be. It is perfectly sensible to try to estimatequestions?
the costs and benefits of climate change. At the sameProfessor Ekins: I am very happy to go straight into
time, it is clear to me that climate change is more thanquestions.
just an economic matter; it is also a moral matter to
do with whether present generations have rights to

Q390 Chairman: One of our main concerns in this inflict climate instability on future generations and
inquiry is, however inexact it will be, the costs and whether people living in rich countries have rights to
benefits of tackling climate change. Can you oVer us the majority of emissions which cause climate change
any advice on the relative magnitudes or is it with impacts on people living in poor countries who
misguided to think that any direct comparison on have very few benefits from those emission-causing

activities. There are important justice issues as well ascosts and benefits can be made?
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development aid that we give to poor countrieseconomic issues. Those are not possible to take into
account by considering costs and benefits of climate because it is a good thing in itself and because this
change. One then has the very serious practical issues may go some way towards enabling these people to
to do with estimating these benefits and costs. As I am endure climate damage in the future.” Quite the
sure you must know by now, both sides of the reverse. With some honourable exceptions, economic
equation are unfortunately aZicted with great development aid budgets are declining round the
uncertainty. For my money, the costs of abatement— world. Therefore, I do not see that bargain being
of reducing emissions in order to mitigate climate struck. I think those who put forward that as a
change—are rather easier to estimate certainly in the bargain that might be struck, if I may say so, were not
near term. There are of course uncertainties as to how terribly aware of the sorts of political processes that
technologies will develop and what new technologies operate in the real world. There is also an issue of
will be invented which may help us to reduce responsibility. It may be that we do not have a moral
emissions in the future. With regard to the costs of the responsibility to help poor people. That is very often
damages from climate change, I take those to be very referred to as charity and that is something which
uncertain indeed. One paper I saw recently that was comes out of individual conscience. On the other
reviewing a subject put them at anything between hand, it may be that we do have a moral
nought—in other words, no damage—and £1,000 per responsibility not to damage the life prospects of
tonne of carbon, which is three orders of magnitude, poor people. I take the continuing carbon emissions
which is rather large. I am doubtful about how useful from the rich parts of the world, which are in excess
a number that ranges through such a wide range as in per capita terms to those in poor parts of the world,
that is for policy purposes. Where one comes down in as potentially very materially damaging the prospects
that range seems to depend largely on one’s of poor people, not just for future generations but in
perceptions of the desirability of inflicting risks of the current generation, perhaps in relatively few years
possibly very large costs. You will be aware of some and it is perhaps already happening. There are people
speculation as to what rapid climate change might in the small island developing states, who run risks of
mean. The Government’s chief scientific adviser has being inundated, who consider very strongly that
talked about it in quite graphic terms over the last few their life prospects are being damaged now by
months. If one takes these potentially catastrophic activities which are primarily benefiting those in rich
impacts seriously, one can arrive at these quite high countries. The nature of the moral argument is rather
numbers. If, on the other hand, one thinks that they

diVerent but even if it were not I do not see theare so unlikely that they can be largely dismissed then
political processes afoot that would allow that sort ofone can arrive at very low numbers. I am very
choice which you have put to me.sceptical about attempts to put numbers on the

damage costs of climate change. I made that position
quite clear when I reviewed some papers that Defra
were circulating on the subject recently. Q392 Lord Lawson of Blaby: You obviously feel

these moral issues very strongly and in your eyes they
are paramount. It does raise doubts in my mind. FirstQ391 Chairman: Can I ask for your view on the
of all, you say there is a moral obligation to help poormoral questions that you raise? We have had very
people but, as the Chairman pointed out, what we aredistinguished people here who say that there is a
talking about here is taking measures to help poormoral question and, as they would pose it, it is:
people who in 100 years’ time will be considerablyshould we be spending the money to deal with the
less poor than the people in the developed countriesproblem of the poor people in the world 50 or 100
are today. This is not helping poor people; this isyears from now when, based upon all the forecasts,
helping people who may be relatively poor. If there isthey are going to be as rich as the United States is
a cost to development in the measures that aregoing to be in 50 or 100 years’ time, if you take the
chosen, that means their rate of economicIPCC process, or would we be better to spend the
development in these countries will not be as great asmoney now on helping those who are clearly poor at
it would otherwise be. What is the morality in a worldthe moment and have all sorts of needs that require
economy, of which they are an important part,resources to put right? That was the moral question
developing more slowly and less successfully thanthat was put to us and I do not know if you want to
might otherwise be the case? In other words, thecomment.
morality is very diYcult. You say you see no prospectProfessor Ekins: I am aware of that question. I believe
of that deal coming to light, but if that deal that thesome distinguished economists have considered it in
Chairman outlined is desirable, then surely it is rightsome detail in Copenhagen recently. My problem
to try and educate public opinion and make that awith it is that I do not think that is the political choice
political reality, because it is clearly not anbefore us. I do not see any significant political process

that is saying, “Let us greatly increase the economic impossibility.
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characteristic of the human condition. There areProfessor Ekins: On the second point, yes, to those
who wish to work politically for such a deal to be some parts of the world which do not experience

economic growth. There is a lot of focus at theacceptable I would wish God speed. I would very
much hope that the two Houses of Parliament in this moment on Africa. As you probably know, such

estimates as have been made for climate changecountry would be part of that. For my money again,
there is a rather stronger possibility of recognising suggest that Africa might be quite badly impacted by

climate change and that might make it even less likelythat the International Framework Convention on
Climate Change, which has already been put in place, that it would achieve economic growth. I do not

think we can necessarily assume that poor people inis an instrument whereby the global community can
come together and talk about a particular issue which poor countries are going to be that much richer than

we are now although I very much hope that that willon some estimates is putting a threat on the lives not
just of poor people but of medium poor people and be the case. I am also not convinced necessarily that

actions to reduce emissions in developed countrieseven rich people in all countries, because the
potential for a seriously unstable climate is likely to would slow the rate of economic growth in

developing countries. Indeed, I have heard it said thataVect everybody. At the moment, that is the best
prospect for averting that particular threat but I one of the results of such actions might be that

relatively carbon intensive activities would move towould not want to stop anyone who wanted to work
seriously for the other part of it. developing countries and might even increase their

rate of economic growth. That would also increase
their emissions and that would serve to undermine

Q393 Lord Marsh: Is not one of the problems with the emissions reductions in rich countries. What it
that that, first of all, some relatively poor countries— would also do is move the per capita emissions
I was about to say China but China is not really between the rich parts of the world and the poor parts
poor—are massive polluters? They would not want of the world closer together and might make it easier
to join in presumably, but also the political scenario to argue for a kind of global compact to reduce
that we have been discussing would almost always greenhouse gas emissions, because clearly this is a
mean that an enormous amount of pressure would global problem and it is very unlikely even that a
come on the United States as the people who were reasonable number of countries coming together can
underwriting it. resolve it if some of the major polluters remain
Professor Ekins: The United States per head of outside any meaningful framework.
population do produce by quite a large margin the
largest emissions of greenhouse gases. Therefore, in a

Q394 Lord MacDonald of Tradeston: Economicsense it is quite right, if that is the cause of the
progress over the centuries has destroyed andproblem, that the focus should be on them to provide
disrupted many cultures and we still lose manysome part of the solution. Everyone recognised that
languages by the year. No doubt we have lost manythe Kyoto Protocol, which of course excluded China
species as well. Do you see climate change beingand other developing countries from making
diVerent in kind from what has been happening overcommitments, was only a beginning. Had the
the centuries in that progress, and how would youdeveloped countries embraced the Kyoto Protocol
measure the loss of species or cultures? Would that bewith a little more enthusiasm than some have, had
a moral, a political or an economic issue for you?they made great strides towards reducing their

greenhouse gas emissions and had they begun to Professor Ekins: I am not a climate scientist. I am an
economist so I must take these issues on climateshow that decent, civilised life was possible while you

are reducing your carbon emissions, which I believe impact a bit on trust. I listen therefore to people
either who are climate scientists or who seemto be the case and which I believe in many ways to be

the strategy of this government, for the next round probably to understand climate science better than I
do, people like the government chief scientificthe developing countries might have been much more

likely to participate. China clearly does produce large adviser. He certainly takes the potential impacts of
climate change very seriously indeed. He has called itemissions in absolute terms but it has rather a large

population. It still produces fewer emissions in the most serious threat facing humanity in the long
term. I listen to that. I then listen to what some of theabsolute terms than the United States does, which

has a far smaller population. I do not think it is impacts might be. I note that climate scientists now
are talking about there being no ice on planet earth,therefore unreasonable for those countries to suggest

that developed countries need to take a lead in this which is a condition which I believe has not existed on
planet earth before. This is not something Imatter. Some of them indeed are trying to do that.

Coming back to the moral question, assumptions remember them talking about 15 years ago and it is
still not something that is given very great credence inabout continuing and indefinite economic growth are

fine and certainly they bear out our experience of the the last IPCC report. I notice that these kinds of
catastrophic scenarios are coming up in discussionslast 150 or so years. They are not however necessarily
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about that, as about many things. I am an economistby climate scientists rather more often than they did.
That, as you probably know, would result in a sea so this is something I try to look at quite closely. If I

thought that the kind of objective of the White Paperlevel rise of many tens of metres. In papers that I have
read about damages to climate change, the authors of putting this country on a 60 per cent carbon

reduction trajectory by 2050 would be the end ofhave been speculating quite seriously about the
possibility of having to relocate the world’s great civilised life as we know it, I cannot imagine any

politician would be able to sell it to the public becausecoastal cities, for example. That would include
London because although we are not exactly coastal of the benefits being uncertain and the costs being all

too real. This was the purpose of submitting thewe live on a major coastal, tidal river and it is very
unlikely that we can build a Thames barrier that evidence to you that I did submit: the Government

did not do a bad job in estimating the costs of movingwould withstand, say, 60 metres of sea level rise,
which is the kind of number that might occur if all the towards that sort of 60 per cent reduction. If you

remember, it estimated that it might cost this countryice on earth were to melt. These are very big eVects
and they do seem to me to be qualitatively diVerent between half and two per cent of its gross domestic

product. Two per cent of a large number by 2050—as well as quantitatively diVerent to the sorts of
ongoing, incremental changes which we have been and the GDP of the UK, if we get the economic

growth that everyone anticipates, will be severalexperiencing in the past and which one may or may
not regret but they nearly always seem to come with trillion—would be many billions. That seems like a

lot of money. On the other hand, you could expresssome benefits attached to them as well. Some people
regret the loss of species, cultures and languages very that cost in a number of diVerent ways. One way is

that, if the economy is growing at two per cent, itmuch and other people seem to live perfectly well
without them. That seems to be all part of the run of means this country will reach in 2051 a GDP which it

would otherwise have reached in 2050. In otherchanges in societies but these kinds of changes may
well not be incremental. They may well be quite words, we will have sacrificed one year’s incremental

growth. I am not saying that is nothing but if yousudden and they may well be rather larger than we
have become used to trying to cope with. Therefore, express the cost like that and people imagine it is not

billions of pounds being extracted out of their bankit is not surprising that people talk in terms of
precautionary action to try to stop them happening. accounts here and now, but they perceive that these

costs would be widely shared over the economy as a
whole and the benefit would be climate stability if all

Q395 Lord Elder:My question relates to the issue of other countries signed up to a similar package,
how to persuade UK taxpayers to meet these costs. perhaps the basis of a political deal between this
How would you go about persuading UK taxpayers government and the people might be struck.
and what argument would you give them to face up
to the reality that we are asking current taxpayers to
meet a cost when they do not necessarily see a benefit, Q396 Lord Elder: Are you saying that instability

would be an easier thing to sell at the moment thanapart from this rather feeble future? It is certainly not
financially obvious why they would regard it as the more qualifying climate change with 20 metres of

sea rising?beneficial to meet the costs now with no obvious
comeback. How do you think policy makers should Professor Ekins: It is what climate scientists think is
go about convincing UK taxpayers that it is a good currently more likely, which is a very important
idea? point. All the catastrophic stuV is important to take

into account and it does justify to some extentProfessor Ekins: It is diYcult for policy makers. The
world’s politicians who are interested in trying to precautionary action, but climate scientists still think

it is relatively unlikely and it is certainly not going tomake that case are finding it diYcult. They could
make the case a bit harder than they currently have happen by 2050. I say “certainly”. Nothing is certain

in this world. Having looked at the way in whichfor just how much a stable climate benefits us. These
various terms of climate change and global warming climate science has developed since 1990 when I

started looking at these issues, I have been very struckcan sometimes in popular parlance be a little
misleading. There are many moments in the winter at the rate at which climate scientists have become

more concerned about this issue. Even so, the currentwhen I am sure all of us would think a little global
warming would be a good thing. I have heard that in prospect is much more to do with unstable climate,

more water falling more quickly, causing floods, fornewspapers. It seems to me to rather undermine the
seriousness of the prospect because climate example, or less water falling over a period of time,

causing droughts in certain parts of the country,instability is what we are likely to be talking about.
Those kinds of arguments could be made more getting water stress in summer in parts of England

that do not appreciate water stress—those sorts ofstrongly. Then we come to this issue of costs. I am
sure you have had lots of costs presented to you and issues rather than the big issues which I was talking

about.diVerent economists tend to have diVerent opinions



3091991035 Page Type [O] 24-06-05 17:35:20 Pag Table: LOEANY PPSysB Unit: PAG9

187the economics of climate change

22 March 2005 Professor Paul Ekins

agreements on emissions reductions all round etc. ItQ397 Lord Elder: The other problem in convincing
people seems to me that unless everyone else is doing may be that one will need to focus on the means to

achieve reductions for a little bit in order to try tomuch the same there is not much point in the UK
doing it. convince the United States, if that is the country that

needs convincing, that this need not necessarily meanProfessor Ekins: This is a problem of collective action
but I rather thought that is what governments were the complete end of the American way of life,

although it may well mean the end of some aspects ofinvented to address. They were invented to deliver
collective goods which individuals acting for the American way of life, if we were to get serious

carbon reduction, and it would mean the end of somethemselves could not achieve. The political process
by which they might achieve this is obviously a very aspects of other ways of life probably. Cheap air

travel springs to mind. Undoubtedly technology cancomplex one, as anyone who has even begun to look
at these climate negotiations can appreciate. I do not achieve quite a lot and we could probably increase the

rate of development of low carbon technologies ifthink one ought to underestimate the possible power
of firm leadership and that is what is required among there was a greater eVort put into that. The United

States is quite good at developing some newcountries which seek to move in this direction.
technologies, but not all, and if it was prepared to
spend large sums of money in that direction in someThe Committee suspended from 4.04 pm to 4.14 pm for
globally coordinated way that would be ana division in the House
alternative way perhaps to see whether one could
draw some of the sting from perceptions that these

Q398 Lord Goodhart: Some people say that the carbon reductions are going to be excessively costly.
Kyoto Protocol does little or nothing about rates of That was one of the strong perceptions underlying
global warming and it would not make much the Bush administration’s decision to withdraw
diVerence even if the USA did sign up to it. What do from Kyoto.
you think will happen after Kyoto? Will there be an
agreement that will simply tighten emissions targets

Q399 Chairman: You are a member of the Royalor do we need something of a diVerent order that may
Commission on Environmental Pollution and it is theresult in being able to get the US and other countries
Commission’s past work, as I understand it, thatinto an agreement about what we should do?
prompted the government’s 60 per cent CO2Professor Ekins: On your first point, if Kyoto was it,
reduction target for around 2050. What is yourit would make absolutely no diVerence to anything in
justification for this figure and can you tell us how theterms of what was likely to happen to climate change.
Commission went about assessing the costs ofIt only makes sense as part of an ongoing process as
achieving it?I think I intimated earlier on. There was a perception
Professor Ekins: I was not a member of theamong the optimists of the Framework Convention
Commission at the time that it produced that report,that Kyoto would bring developed countries on
so obviously I was not privy to the discussions that itboard. Those countries that had originally signed it
had. I was appointed in 2002 and the report waswould ratify and, on the basis of that start, there
published in 2000. However, as you kindly sent mewould be further emission cuts from the developed
notice of the question, I did go back to the report andcountries, the developing countries would be drawn
have a look at it. I know it reasonably well anyway,into at least discussions about cuts, if not cuts
so I am able to answer the questions that you put tothemselves, and there perhaps would have been a
me, but I should stress that I was not a Commissionthird phase whereby developing countries would
member who took the decisions to proceed in the wayhave come in and taken on target commitments
that they did. The 60 per cent figure came out of athemselves. That is probably a bit too neat and tidy
perception that the concentration of carbon dioxidefor global, political processes. There were many who
in the atmosphere should be stabilised at 550 partsdid not think anything would happen to Kyoto at all
per million. This obviously relates to the complexitiesand thought it would simply not come into force
of climate science. They did some calculations tobecause of insuYcient ratification. I think it is
show that if a country like the UK were to contributeprobably a good thing that that is not the case. It is
to such a stabilisation, which is about twice the pre-at the moment the only game in town and the
industrial concentration of carbon emissions in thecountries that have ratified it and are being bound by
atmosphere so it is already a very considerableit had better do their best, if they want anything else
increase over what it used to be, there was ato come out of it, to meet various targets which they
perception by climate scientists that that might behave now taken upon themselves. For the future, if a
tolerable, whatever that might mean. They thoughtreduction in emissions is the purpose of the
that a 60 per cent cut by 2050 and an 80 per cent cutConvention—and that is how it has been largely
by 2100, which is not something the Government hasdefined—it is diYcult to imagine how that can be

achieved without some form of target setting and yet pronounced on, if adopted by other developed
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National Audit OYce in its recent assessment of thecountries, would allow some growth in developing
countries etc, and would enable stabilisation at that renewables obligation suggested that, despite quite a

slow start up of the implementation of renewables,level. That was the motivation behind it. They did, as
you would expect, consider the issue of economic we were likely to meet the 10 per cent generation

target in 2010 and move towards the 20 per centappraisal and there is a section in the report on
economic appraisal. They noted, as I did right at the generation target in 2020. It is not unreasonable to

say that that is a possible scenario. The scenario doesbeginning, the very great uncertainties in this area,
which in 2000 were even greater than they probably depend very heavily on energy eYciency, which was

the second point you made. There is a lot ofare now because quite a bit of science has been done
in the interim, especially in respect of the estimates of controversy between and among economists and

between and among everybody else on this particularthe impacts of climate change. They also came down
quite firmly on the sorts of moral points that I align issue because, on the face of it, it is very surprising

that if energy eYciency measures can be implementedmyself with, which were that the present generation
had a duty not to cause dangerous climate change at net profit, whether to households or businesses,

why they do not do it. I suppose, like anyone withand therefore we should put ourselves on that 60 per
cent carbon reduction trajectory. There is rather little conventional economics training, I was very sceptical

of this thesis. I began to look at it and I began to beeconomic appraisal in that report for those reasons.
The great thrust of the report is to say, having convinced by the evidence that came out of various

policy measures which suggested that people haddecided on 60 per cent, what were the ways in which
society might achieve that and the Commission indeed, when they were coerced or bribed to save

energy, saved money as well. I began to read some ofelaborated four scenarios with combinations of
nuclear power, renewables, carbon capture and the theoretical literature that was exploring as to why

this market failure might be going on: issues ofstorage from fossil fuel stations and energy eYciency.
That is the pathway towards the 60 per cent carbon information, of invisibility of technologies, of deep

boredom. Energy eYciency technologies are deeplyreduction target. That is the way it was enunciated
without any estimate as to what the costs of achieving boring to most people. Energy takes a very small

proportion of most people’s budgets and they do notit might be.
think very hard about it. They would much rather be
thinking about other things. Then you have the more

Q400 Lord Skidelsky: The Energy White Paper technical issues such as landlord/tenant problems
seems to argue that the UK can get to its 60 per cent where people do not have the incentives to invest
target with a combination of energy eYciency because they do not get the return. I have referenced
measures and renewable energy, but is that realistic? quite a long, scholarly book on this matter in the
If energy eYciency is as cheap as you seem to suggest, evidence that I gave you, which I find convincing
as the MARKAL model seems to suggest, why will it when allied to the stories from both businesses and
not happen anyway just through normal, market households. Programmes run by the Energy Saving
processes? Trust, or the climate change agreements that were
Professor Ekins: On the first of the issues, it is introduced with the climate change levy, do appear to
technically imaginable that we could arrive at a 60 per have saved large quantities of energy at net gain. To
cent carbon reduction in 2050 on the basis of what extent this can continue, whether these low
implementing current and developing new energy hanging fruit as they are sometimes called will
eYciency technologies and developing new reappear once they have initially been gathered, is a
renewables technologies. That was one of the four very diYcult and interesting question. I am certainly
scenarios which the Royal Commission elaborated of the opinion that at least 20 per cent of energy in
and it spelt out in some detail the huge number of both household and business use could be saved at
renewable energy machines, power plants, wind very little net cost, if indeed any at all. It is that kind
farms, biomass and all the various ranges of of perception that was driving that particular part of
renewable energy technologies that would be the White Paper.
required in order to achieve that target. I have little
doubt that it is technically feasible. After all, it is still

Q401 Lord Skidelsky: Can I refer you to your45 years away and we can get a lot of technical change
evidence on this? You say that the fact that subsidiesin 45 years. The Government certainly perceived in
exist to promote energy eYciency suggests that thethe Energy White Paper that it would be interesting

to test that particular option. That was why we had White Paper underestimates the cost of energy
eYciency, which seems to me quite an importantthe renewables obligation which started to force

some of these technologies to be developed and to statement. You go on to say that it is possible that
these subsidies are needed to overcome a number ofpull them through the market. There is some evidence

that with regard to wind power at least, both onshore non-financial barriers—and you refer to landlord/
tenant issues and the likely disruption to homes—butand oVshore, that is being quite eVective. I believe the
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change are only between 35 and 140—and they areyou also include in that capital constraints. Could
you say what you mean there because that does not being discussed again at the moment—the 60 per cent

trajectory is a bad policy assuming that this is anseem to me to be a non-financial barrier.
Professor Ekins: You are absolutely right and when I economic issue which is purely to be decided on

economic grounds. In other words, you are notwas reading that section again I crossed out the
words “non-financial” and put “social market considering any of the other kinds of moral

arguments which may or may not have weighed forfailures”.
certain people.

Q402 Lord Skidelsky: I did not get that.
Professor Ekins: You did not because that was not in Q405 LordVallance of Tummel: Is not the idea of the
the evidence that I circulated. I have also not been social cost of carbon bringing in all the externalities
suYciently clear on the previous sentence which you to that cost?
quoted. This is a point that has been put to me in Professor Ekins: I have tried to understand how the
discussions about these issues. If energy eYciency social cost of carbon is calculated. It is often quite
was so cheap, we would not need to subsidise it to the diYcult because the techniques used are quite
extent that we do and therefore the fact that we have complicated. They involve such things as the value of
these substantial subsidies means that it cannot be human lives or arriving at a value of a statistical life.
cheap. I was saying that that does not necessarily That seems to me to be very much the same thing
follow because if the financial subsidies are required because you then decide whether you are going to
in order to overcome these social market failures, save that life or not on the basis of the value you
some of which are non-financial but some of which, arrive at. Some people find that that is not an
as you quite rightly say, are financial in terms of acceptable way to proceed, so they object to those
capital constraints, it is possible that you need a kinds of valuation processes in principle. Then we
subsidy in order to overcome those barriers but once have these issues about these very diYcult
you have done it the benefits outweigh the costs. That estimations of impact about which there is very great
could be achieved just as easily through regulation if uncertainty. There are some people who, on the basis
one were to set up a general standard which of those estimates, arrive at a cost very much greater
households had to meet. than £200 to £300 per tonne of carbon. Also, there is

the issue that it is perceived that, because most
climate change damage is in the future, the socialQ403 Lord Skidelsky: What do you mean by
costs of carbon which are calculated now are the“capital constraint”? I can see it for nuclear energy
damage inflicted by the tonne that is emitted now.and things like that.
That is unlikely to be the same damage as the damageProfessor Ekins: I mean something quite diVerent.
inflicted by a tonne in 2050 if, by 2050, climate changeMany people living in very energy ineYcient
damages are much increased because of the role ofhouseholds could save a lot of money but,
the discount rate over a period of time of 45-oddcomparatively speaking, they do not have the capital
years. One arrives at these enormous uncertainties.to invest because they are relatively poor.
To be honest, I do not know in the Energy White
Paper whether that £200 to £300 per tonne of carbonQ404 LordVallance of Tummel:Can I take you back
was estimated as being the marginal social cost ofto the overall target, the 60 per cent reduction by
abatement in 2050 or whether it was some kind of2050? In your written evidence, you mention the UK
aggregate of the costs of abating carbon between nowEnergy White Paper 2003 and you say that it included
and 2050, or indeed whether it was the average costthe cost of reducing CO2 emissions by 60 per cent by
of abating carbon, because obviously all these2050 was in the range of £200 to £300 per tonne of
numbers are somewhat diVerent, have to becarbon. When the Defra witness came to see us a few
calculated in diVerent ways and they mean ratherweeks back, he said the current government view,
diVerent things. If you put that kind of detail in aalthough under review, was that the social cost of
White Paper, the White Paper itself becomes rathercarbon lay between £30 and £140, with the most
diYcult. There is a lot of technical material thatlikely figure being £70. On the face of it to a layman,
supports the White Paper but, as far as I am aware,if that is the social cost of carbon and the policy is to
that issue of how they arrived at the £200 to £300 perspend somewhere between £200 and £300 per tonne,
tonne of carbon is not part of it and it is certainly notit does not weigh up, or have I misunderstood?
a part of it that I remember. I stand to be corrected ifProfessor Ekins: No, I do not think you have
you can find it.misunderstood at all. That is why these numbers are

both very important and extremely powerful. If the
numbers are right in that getting on for a 60 per cent Q406 Lord Goodhart: In view of the very

considerable uncertainty there seems to be aboutcarbon reduction trajectory will cost us £200 to £300
per tonne of carbon, but the damages of climate what, in a few years’ time, are going to be the costs
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choose. They cannot avoid trying to pick winners andof various kinds of renewables, is there not a case for
if they pick winners they can be very pleased. Whatsaying at this stage that we should not go for what
they must try not to do is pick losers and throw goodmay turn out to be wasteful expenditure on kinds of
money after bad once it has become apparent thatrenewables which turn out to be less eYcient than
that is what they are.others and that, for the time being, we should

concentrate in addition to energy eYciency perhaps
on research and development of renewables rather

Q407 Lord Lawson of Blaby: In your writtenthan going into their full scale implementation?
evidence that you submitted to us, you pointed outProfessor Ekins: This is a finely balanced issue. The
that the White Paper analysis, which you seem toone thing we know about the costs of new technology
accept—I am talking about the costs of achieving theis that they only come down to the extent that they
2050 target—is based on the MARKAL model. Youare implemented. The fact that wind turbines now
say clearly that the results which emerge from such

cost a relatively small fraction of what they cost model runs are very dependent on input assumptions
25 years ago is largely because we have built a lot of about costs and performance for the diVerent
them since then. It is widely expected that their costs technologies. That seems to be rather important. We
will fall further if, but only if, we go on building them. have had evidence, for example, from Dr Helm who
There is a formula that tends to link these things is a distinguished energy economist well known to
which has been empirically justified for a number of you no doubt. In his book he says that the starting
new technologies, although you can never be sure point is the old modelling adage, “Garbage in,
that what is going to happen in the future is the same garbage out.” In evidence to us, he said he believes
as what happened in the past. If all countries were energy eYciency, while important, is very much more
simply to say, “We are not going to invest in expensive than the Government imagined and wind
deploying any of these technologies; we are going to farms are much more expensive than was perceived
continue with the research and development”, I am by the Government and therefore the true costs are
certain that the costs of these technologies would not likely to be very much greater. If it is so cheap, why
come down and we would learn more and more has it not happened already in energy eYciency? As
about the technologies but you only get the cost someone who was Secretary of State for Energy more
reductions when you start building them in volume than 20 years ago, propaganda about energy
and you see what the problems about building them eYciency and energy eYciency campaigns of one
in volume and to scale are. This was a very important kind or another have been going on since well before
point in the White Paper: it is clear that there are a my time in oYce and yet very little has happened.
number of technologies out there which, over the Corporations are pretty shrewd at doing what is
long term, might prove to be technologies that could going to save them money and what is going to give
make a very great contribution. On the other hand, them a good return. If they are not, prima facie, Dr
they might prove to be technologies that would not Helm is likely to be right. As far as individuals are
make a very great contribution and it is rather concerned, leaving aside corporations, even if it
diYcult for governments to decide on those might be more eYcient for individuals to run small
technologies. I think there is a perception that wind cars rather than medium sized cars, that is not the end
can make a contribution at a reasonable cost and, of the matter. You are going to have to bribe them
broadly, that is a perception that I would share. very much more substantially than happens at the
Whether or not the marine renewables come to that present time if you are going to have a significant
position is much more problematic and diYcult to change in behaviour. Do you believe that the costs of
judge. The Government has been much more achieving this, even on the Government’s figures,
cautious in the past and has only recently decided to appear to be greater than the benefits that are going
fund its first demonstration project, which is a much to accrue? The true costs are likely to be very much
larger scale than anything built before, in the hope greater than the Government’s figures.
that it will become apparent precisely what the Professor Ekins: On MARKAL, it is one of the great
potential for this technology might be. One is in a strengths of MARKAL that it is a garbage in,
very similar situation with nuclear power, where garbage out model. All good models are garbage in,
there appear to be new generations of nuclear garbage out. The way you assess a model is: are the
reactors on the horizon but they have not been built inputs garbage? Any model where you put in garbage
yet. As we know, especially with nuclear power which and produce useful knowledge would be a very
tends to be very capital intensive and, if you build curious model indeed. It is not at all a criticism of
one, people say you cannot stop at one; you have to MARKAL. It is a very good thing that it is a garbage
build heaps of them, so you are making an enormous in, garbage out model. In trying to answer your
commitment up front, and cannot be sure that these question, I then asked were the inputs to the
hopes for cost reductions will be justified. Your MARKAL model on which the Energy White Paper

estimates were based garbage. One needs to look atquestion is a good one and governments need to
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investments now in renewable energy, for example,two aspects of that. For the central case, were the
this will bring prices down in the future so that by theestimates about the availability of cost eVective
time 2020 appears technologies which are currentlyenergy eYciency, the costs of wind power and other
not competitive will be competitive. By the time 2050technologies best estimate assumptions within more
appears, especially if fossil fuel prices have increasedor less the centre of the range that exists in the
in the interim, which does not seem unlikely onliterature? My perception is, yes, by and large they
current form, these technologies become much morewere but there are more important questions than
competitive than they would otherwise be. It is thethat. What sensitivity analysis has been done in order
costs in 2050 that the White Paper is seeking to arriveto vary those input assumptions? If you increase the
at. If by 2010 we are likely to be spending £1 billioncosts of energy eYciency, if you increase the costs of
a year on the renewables obligation, which is thewind power, if you reduce the rate at which learning
National Audit OYce’s summation, that is clearly areduces those costs in the future, if you change all
large sum of money. If that is regarded as anthose various inputs, what does that do to the
investment in new technology and if that investmentoutputs? As we have discovered, it changes them by
brings costs down in the future and enables energy toa factor of four, which was quite a large factor, and
be generated more cheaply in the subsequent years ofthat is how the MARKAL model generated that 0.5
the decade, it is quite possible that those costs nowto 2 per cent of GDP range of costs. The 2 per cent
which appear quite burdensome will be compatiblewas the estimate of high costs coming out, because of
with relatively low GDP costs, which are full generalthese rather high assumptions which I looked at and
equilibrium costs, in 2050. I am aware I have used awhich seemed to me to be very much at the high end
lot of “ifs” but I am afraid there are a lot of “ifs” inof the plausible range, and therefore to be a
this whole course of argument. The sequence of “ifs”reasonable, standard sensitivity analysis. That is why
I put forward are inherently no less plausible thanI have been broadly convinced by that particular
another sequence of “ifs” which might arrive perhapskind of analysis. There is another reason why the
equally plausibly at a much higher estimate of costs,MARKAL results might even be an overestimate.
which is why economists such as Dieter Helm andThat is to do with the fact that it is quite a simple
myself disagree on these matters.model. It is a simple, linear optimisation model which

does not have any feedback at all between its outputs
and its subsequent inputs. It takes energy demand as Q408 Lord Layard: Could I ask about the IPCC
given. Even if you said that the energy prices emissions scenarios exercise? Some of the witnesses
increased substantially, that does not feed back into have claimed there are serious shortcomings, for
energy demand and reduce it, whereas every example, wrong exchange rates, rates of future
economist will know that that would be likely to economic growth that are inconsistent with past
happen, to some extent. MARKAL does not do that. experience and arbitrary assumptions about
It also does not allow the economy to adjust in any convergence in per capita income in rich and poor
way. It does not allow less carbon-intensive, less countries. Could you tell us your views on the
energy-intensive sectors to grow faster because they emissions scenarios exercise of the IPCC?
are using less energy while the carbon-intensive Professor Ekins: I am going to be brief. I know it is a
sectors grow less fast. That is the diVerence in very complicated issue and I do not know as much
economics jargon, as I am sure you are aware, the about it as perhaps I know about other things. On
diVerence between general equilibrium and partial scenarios generally, the issue is to be transparent
equilibrium models. MARKAL is very much a about the assumptions. The future is inherently
partial equilibrium model with no feedbacks of this uncertain and by 2050 the future is very uncertain
kind at all, and yet it is precisely feedbacks of this indeed. Simply because an assumption is arbitrary—
kind that tend to reduce the costs of adjustment to lots of these assumptions are arbitrary—or uncertain
energy price increases. When prices change, things do or perhaps diVerent from past experience, and we
not stay as they were. People do conserve energy. know the future is unlikely to be the same as the past,
New technologies are developed which enable energy that does not necessarily mean that one should not
to be saved at lower cost. The MARKAL model has pay any attention to what that scenario says. It is very
not captured any of that. I think those kinds of important to be aware of those assumptions and if
processes are likely to be important in reducing the the assumptions are so inherently implausible that
costs of reducing climate change emissions over a one is not prepared to accept them at all then one can
period of about 45 years. The last issue is on eYciency discount that particular scenario and say, “We do not
and current costs. I am not aware of the White Paper think that says very much that is interesting about the
having estimated a trajectory of costs between now future state of the world.” Very often, a scenario
and 2050. The numbers I have put in the paper here exercise which does try to stretch the bounds of what
relate purely to 2050 which is quite a long time away. is currently thought to be feasible or possible can

engender useful insights. It is a process ofIt is certainly possible that if we make substantial
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15 years. I assume that is on the basis of the kind ofengendering useful insights rather than forecasting.
Forecasting is a very diVerent matter to scenario evidence that they have been generating. I am not a

climate scientist and I have not been able to assesscreation. As far as I am aware, the emissions
scenarios that you are talking about were not that evidence for myself, but that is the impression I

get. As an economist, I am interested in incentives. Iintended to be forecasts. They were intended to
outline a range of possible futures on the basis of think to myself: why might people want to believe

certain things because, as we know, we can believecertain assumptions some of which may, on the basis
of present perceptions, be more plausible than others. things sometimes because we want to as much as

because the evidence says so. All of us would muchI think they ought to be assessed on that basis but I
do not propose to get into the detail of it because I rather not believe in climate change. I have never met

anyone who thinks that climate change is a goodknow it is fiendishly complicated.
thing. I know of lots of industrial interests which
would much rather not believe in climate change and

Q409 LordMacDonald of Tradeston: I would like to not be aZicted with things like climate change levies,
ask about the process inside the IPCC and how it has climate change agreements, emissions trading
been mutating. I am sure you would agree that it is schemes and all these other things. I know that some
desirable in academic as well as political life that of these industrial interests have spent quite a lot of
received wisdom should always be questioned from a money and are spending quite a lot of money on the
sceptical perspective. Some of our witnesses have science of climate change in order to try to satisfy
suggested that the IPCC is mutating into a kind of themselves about this issue. I also know that
consensus club where there is almost a self-interest President Bush when he came to power was not
amongst groups of academics, keeping the sense of convinced by the science of climate change so he
alarm as high as possible. Among the scientists and asked his own National Academy of Sciences to do a
economists involved, the sceptical views that might complete review of this issue. I think he felt that his
emerge get rather short shrift nowadays when they National Academy of Sciences would say that the
question the costs of control exceeding the benefits. IPCC was not telling the whole story, but the
They are not seriously entertained. Do you have an National Academy of Sciences came back and said
impression that this is the case in this process? I know that the IPCC was not doing such a bad job and the
in the UK we have our two government scientists, in science did look pretty solid. I am aware of all of these
the recent past Lord May and now Sir David King, things and, although I am not in the IPCC, I am fairly
both quite passionate on this subject, but do you get close to some of its processes, I suppose, and I have
any sense that this sceptical view is not being not picked up anything there that suggests that
considered seriously inside the UK Government? someone who came with a well founded, sceptical
Professor Ekins: I am not part of the IPCC process for view would not find that view properly evaluated.
this assessment. In the past I have served in a very
humble role as one of the many thousands of

Q410 LordMarsh:Most if not all of us have formedreviewers of some of its outputs. I do not get the
the impression that the economics of climate changeimpression that it is a closed club. At the same time,
focus very heavily on trying to avoid the potentiallyyou are quite right. The consensus in science is a
higher rates of warming, so-called mitigation. Untilpriori undesirable. On the other hand, we have to
today, we have heard very little about adapting tooperate in a practical world. We cannot always be
climate change. Given the obvious problems oftaking everything back to first principles. Science
reducing rates of warming, should we not be focusingadvances by people putting up hypotheses and
more on the technologies for that adaptation?seeking to disprove them. When, after a period of

time, people have not managed to disprove a Professor Ekins: I have always thought that both
adaptation and mitigation were absolutely essentialhypothesis and when it acquires greater and greater

explanatory power, at some point the scientific parts of any kind of response to climate change. It
was not surprising that the early focus was muchcommunity says that it does not make much sense to

spend a lot of resource continuing to challenge that more on mitigation at least partly because there was
very little idea as to what it was one would beparticular hypothesis. To take a ridiculous analogy,

no one is going to fund anyone to try to prove that the adapting to. Should we refashion the Thames barrier
to withstand one metre sea level rise, five metres seaworld is flat any more, although this was clearly a

very important scientific issue which was the subject level rise, 10 metres sea level rise? These are very
important and not inexpensive questions to consider.of much debate in earlier times. The roundness of the

earth is a hypothesis that is now routinely accepted. It is not much good spending many hundreds of
millions of pounds on fashioning it to withstand twoIt is possible that climate change will attain that level

of scientific consensus. I do not think it is there yet metres sea level rise if we are faced with five because
that is going to be a complete waste of money. Therebut it has become much more widely accepted among

the climate modelling community over the last are real diYculties with making sound investments in
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seriously investigate that option for the future wouldadaptation. A lot of the time the kinds of adaptations
we would make might not be technologies at all. I do well to proceed cautiously, taking into account

and trying to make as transparent as possible thewonder why, for example, we continue to build on
flood plains when the Environment Agency has been economic issues while at the same time engaging in

the kind of open, public debate which will bewarning about the hazards of building on flood
plains for a very long time. One knows that if one gets necessary if people are to be reassured that this

technology will perform better next time round thanincreased flooding these are precisely the houses
which are going to be flooded. Sometimes it is social it did last time.
practices which will need to change in terms of
adaptation as much as investing in technologies. It is

Q412 Chairman: What would your advice to theabsolutely right that we are considering these issues.
Government or to us be about the future of theThe other issue which perhaps leads me to think that
nuclear industry? Are you saying wait and seemitigation might be important is that in some parts of
whether other renewables are taking place? You onlythe world it is hard to think what kinds of
have to look at the debates in the House of Lords;adaptations they are going to engage in. In those
there is no question where a large number of peoplesmall island states that might cease to exist altogether
in the House of Lords stand on this. We believe theor very large river basins where a relatively low level
Government does not do as much as it should beof sea level rise will inundate very large areas of land,
doing at this present time in making sure that theit is not clear to me that either they possess the
nuclear option is a real option. I wondered where youresources to adapt to that sea level rise or that anyone
stood in that debate.is moving in there and helping Bangladesh raise the
Professor Ekins: I do not think it is realistic to imaginelevel of land round the Ganges delta. It is right and
it will do anything now, this side of the election. Afterproper that both those elements should be strongly
the election, it might be a little more realistic. I thinkrepresented in any policy towards climate change but
the Government has a duty to ensure that it has asI think it is most undesirable for a focus on
many shots in the locker as it can. I do not thinkadaptation to say that we do not need to bother
enough is going on in terms of assessment of what theabout mitigation because we can ride the storm. I am
new nuclear programme might look like, how muchnot sure we yet know the full extent of the storm that
it would cost, what sorts of technologies it mightwe are seeking to ride.
employ; would they be the same technologies as the
ones we have or would we be going into new

Q411 Lord Marsh: Some of these things—nuclear prototypes which have not yet been built? If so, how
power is a classic example—will have very long lead might they be built, who would build them, how
times. At the moment, the Government does not would nuclear insert itself into the current market
seem to take any particular interest in what you are structure that we currently find; what will the
doing for the future. They are still talking about generators who are not nuclear generators at the
windmills because windmills seem to be the fashion at moment—we only have one nuclear generator—feel
the moment but other ways of doing this like nuclear about a new technology coming in which they would
power, for example, they are keeping under close and not be part of, obviously, because one cannot
constant review. imagine that the new nuclear programme will be built
Professor Ekins: Yes indeed. Nuclear power is a by anything except a special consortium put together
possible mitigation option which needs to be kept for that process, to roll out large numbers of power
under close review and perhaps at some point needs stations one after the other. There is a huge number
to have a much more forceful push behind it. I think of questions that need to be answered about the
an initial attempt to see whether renewable energy nature, shape, cost and details of a new nuclear
technologies could be got oV the starting block programme. My fear is, when I read in some of the
through much more forceful promotion than we have Sunday papers that one of the first actions of the new
seen in the past strikes me as a reasonable approach. Prime Minister, whoever he or she might be, would
In a couple of years we will know whether the most be to tender for an eight billion nuclear programme
promising of those technologies on a mass scale, within a year, that to me would be extremely
wind, really has very much to oVer. I hope we will premature.
know a little more about what the next generation of
nuclear technologies has to oVer because there are
enormous numbers of questions that still need very Q413 Chairman: We can all forecast what future

Prime Ministers might do. If the Prime Minister wasgreat assessment in that area. I do not think the
previous nuclear programme was particularly to ask you after the election what he should be doing

in this area, the answer you gave gave me thesuccessful in economic terms or in public
acceptability terms. I agree with Dr Helm on that impression that you would say, “This is something

the government ought to be engaged in.”particular point. Any government that wants to
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rather have something now than later, whether thatProfessor Ekins: Yes. In terms of assessment I think
that is absolutely right, but absolutely open is due to impatience, risk aversion or whatever. There

is a second element which relates to whether peopleassessment. It is still very much an open question
whether a new generation of nuclear power stations in the future are going to be richer than they are now

or not. On the basis of a well established economicis indeed the best response we can make to carbon
mitigation. It is in that spirit of inquiry that we ought assumption, the richer people are, the less they value

any given increment of income. If people are going toto be looking at the possibilities of a new generation
of nuclear power stations. be richer, a given sum of money in the future is going

to be worth less to them now. That is the way in which
that 3.5 per cent has been put together, I guessQ414 LordMacDonald of Tradeston:On the reports
broadly, probably, the social rate of time preferencethat the Chinese have new prototypes which would
1 per cent and the rate of economic growth elementbe cheaper, safer and have less dangerous
2.5 per cent, although I am not entirely familiar withbyproducts, we should be sceptical? They are
the way that has been constructed. You then have topremature, are they?
say, “Is that appropriate in this particular context?”Professor Ekins: I do not know of the reports that you
One might say that what people feel about theare talking about but everything I know about the
impatience for their own particular consumptionnuclear industry in this country over the last 30 or
now should have little relevance to whether people in40 years makes me sceptical about it. I would like to
the future experience a stable climate or not. Thatsee costs; I would like to see safety data; I would like
kind of social rate of time preference might beto see issues of waste laid out in a much more
appropriate when we are thinking about our owntransparent way than we have had in the past so that
consumption as between the present and the future,independent analysts can assess them and arrive at
but might not be appropriate for inter-generationalindependent conclusions about whether these
decisions of that kind. One might question whetherbenefits are as great as people say. I am not aware
one ought to be gambling in discounting the futurethat anyone has been able to do that to these Chinese
on the fact that future generations will be richer thanreactors.
we are. What happens if they turn out not to be?
What happens if they turn out to be poorer than we

Q415 Lord Sheppard of Didgemere: Earlier on, you are? Surely that is a possibility. We all hope it will not
mentioned the process of discounting, looking at be the case but then we will have engaged in
costs and benefits. We also touched on an attempt to producing benefits for ourselves and generating costs
measure some of the emissions involved, present and for them at a time when they value those costs rather
future. Can you elaborate some of your views on more than we value them at present. These are some
discounting? Is it something where environmentalists of the very diYcult issues which arise when one uses
would say that economists by discounting back discount rates. Again, reasonable people diVer about
understated the true impact from a cost point of view the conclusions that you need to come to on the use
of climate change and so on? Do you think that is of discount rates of that kind. The great diYculty is
true? The Treasury would have their 3.5 per cent that if you do not use positive discount rates but you
normal standard, but on long term projects and even have an infinite stream of costs or benefits in the
short term projects like building Crossrail in the next future, you cannot arrive at any kind of cost benefit
100 years, they are now using smaller numbers on the balance because you get infinity on one side of the
long term costs and so on which probably mitigates equation. That factor itself, the desire to arrive at
some of those distortions. Do you want to comment some kind of balance, provides quite a lot of the
generally on the use by economists of discounting? impetus for saying that there must be a positive
Professor Ekins: Yes. For me, discounting is a tool. discount rate in there somewhere.
Any positive discount rate will result in future costs
and benefits being given a lower value at present than

Q416 Lord Lawson of Blaby: I am sure you aretheir nominal value in the future. One has to ask why
absolutely right to be sceptical about breakthroughsmight one consider that that is a reasonable thing to
in nuclear technology but they happen from time todo. Where the discount rate is related to the interest
time. The important point that Lord MacDonald wasrate—in other words, you are making an investment
making was that they do not have to happen here. Itwhich you could otherwise have invested elsewhere
would be nice if they did but it would not matter if theso that it would grow—you would expect a present
breakthrough was made in China, the United Statesvalue to be lower than a future value because of the
or wherever. If there was this breakthrough, it wouldvalue of interest. That is not the way in which the
change the equation.discount rate, as I understand it, has been calculated
Professor Ekins: I quite agree and we must profoundlyfor these particular issues. It has two elements. One
hope there will be breakthroughs somewhere inis something called the social rate of time preference,

which is the extent to which people would naturally something.
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those. It may or may not be the case that climateQ417 Lord Lawson of Blaby: On the cost benefit
point, one of the things that makes some of us a little change ought to be one such issue, given the potential

magnitude of some of its eVects, but I think that is atuneasy is that when it comes to the costs of
mitigation, as Dr Helm points out, extremely least an open question.
optimistic estimates are made by the Government in
the White Paper and by the DTI about the evolution Q419 Lord Lawson of Blaby: Even in the case of
of the costs of the policies that they are pursuing, terrorism there are those who have argued that one
renewables and energy eYciency, that the costs are should not base one’s policy on an absolute worst
going to come down and down and in particular the case scenario.
innovation in technical progress is going to make a Professor Ekins: Absolutely.
big, favourable diVerence. That might be true but it
might not. The tendency is when they are looking at Q420 Lord Lawson of Blaby: We had a heated
these is to engage in a certain amount of wishful debate very recently in this place of which that was
thinking. It is not inconceivable but it is within the one of the elements. I would be interested in your
range; whereas we are told by the climate change analysis. Adaptation is a very important matter
scientists and all that lobby of which you are not one which has been raised and you agree that it is an
that the precautionary principle demands that we important issue. Perhaps I can illustrate best by an
look towards the worst possible scenario. There example. You have talked about whether you are
seems to be a certain imbalance. going to have a barrier against a three foot or two
Professor Ekins:On the first point I am not sure I quite foot rise in sea water levels or a five foot one. You
agree with the premise in the sense that I do not think said if you do a two foot barrier, it is going to be no
the government estimates on the cost of mitigation use if there is a five foot rise but this thing is
are out of line with those from many other happening over a considerable period of time. It is
international studies. not happening overnight. You would have time to

build a bigger barrier if events showed that it was
needed. If you knew that was going to happen, youQ418 Lord Lawson of Blaby: You disagree
would do the big one straight away but equally itprofoundly with Dr Helm on that?
might be argued that it is not sensible to build aProfessor Ekins: I do, yes. I have looked at a paper
barrier against a five foot sea condition when youwhich has looked at a hundred and something studies
only need a two foot one. Has there been any study?and plotted what they think about costs and benefits.
Can you give us a summary of what economists thinkThere are some which postulate much larger costs
as between these two courses of action?than the 2 per cent GDP which was the upper end of
Professor Ekins:You have set out the issues very well.the DTI range, but the great majority are in that
Each of these decisions has in a sense to be taken onrange of about nought to two. That is another very
its own merits on the basis of the best availableimportant issue. Just because something is within or
knowledge at the time. I do not happen to knowoutside a range does not mean it is right or wrong
whether people have evaluated the relative costs,necessarily because one has to assess it on its own
likelihoods and whatever about two foot as againstmerits. The fact is that the government estimate is not
five foot barriers, but that is a very important thingway out of line with the majority of studies in this
to be thinking about. I guess there will be literaturefield. Therefore, if one says that it is extreme in some
on it. It is something that I am not familiar with.way, one has to provide evidence for that which I

have not yet come across. On the imbalance, I do not
Q421 Lord Lawson of Blaby: That is an example butthink it is true that a best case estimate necessarily has
it is true with adaptation right across the board.been looked at for the costs here. It is a reasonable
Professor Ekins: Indeed.range of costs that has been analysed. Probably in

public policy terms it is reasonable to assess some
things according to worst case scenarios; whereas Q422 Lord Lawson of Blaby: It is true with the
other things you assess according to best guesses. I development of technologies. If you wait, it might
am very struck that in defence matters, for example, cost you more but you might get it right.
Ministry of Defence planners very often are asked to Professor Ekins:Of course. One of the great diYculties
come up with worst case scenarios. During the time in this particular area is that, if we thought there was
of the cold war when people were spending very large a likelihood that these changes would be incremental
sums of money on weaponry, you often read about and gradual, adaptation would be a much easier
worst case scenarios and the need for countries to be business. The fear is that these changes may not be
prepared to counter those. You may see something incremental and gradual. The fear is that something
similar going on in the terrorism issue at the moment may happen which we are not even thinking is
whereby worst case scenarios are put forward and possible now because the climate system is

complicated and we do not necessarily understand itmeasures are then put in place that seek to counter
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whatever the class of policy approach is become morevery well. Under those circumstances, this makes a
rational, marginal calculus of which economists, relevant.

Chairman: You have been answering questions for aincluding me, are beloved rather less relevant because
we are not in a marginal situation under those considerable time and we are very grateful to you.

You have given us some forthright answers on acircumstances; we are in a situation of major changes
and shifts and it is under those circumstances that whole range of issues. May I say, on behalf of the

Committee, thank you very much indeed for coming,worst case scenarios, precautionary principles or
for sparing us all the time you have and for answering
questions in the way you have.



3092982001 Page Type [SO] 24-06-05 17:45:02 Pag Table: LOEANY PPSysB Unit: PAG2

197

Written Evidence

Memorandum by Christopher Beauman, former Adviser, Central Policy Review Staff, Cabinet Office

1. I have followed closely the very interesting Hearings of the Committee, in person and through transcripts.
It would be presumptuous to second-guess the wide range of expert and distinguished witnesses. However as
an interested layman, I would like to comment briefly on three related topics—the IPCC process and the
accessibility of scenarios, the role of economists, and, briefly, the contribution of Bjorn Lomborg, and to make
two recommendations.

IPCC/Scenarios

2. It has clearly emerged that the IPCC is a systematic, broadly-based international process, with all the
strengths and weaknesses that that implies. The weaknesses, from viewpoint of economics and of public
policy, chiefly concern the ponderousness of the process, and the diYculty of understanding the underlying
assumptions within it. This is important because the IPCC process is the foundation both for
intergovernmental agreement on climate change and for the mobilisation of domestic support for action.

3. One example may make the point. In October 2003 Goldman Sachs published a much-discussed report
“Dreaming with BRICS: The Path to 2050” which suggested that China might overtake the US economy in
size in around 2041, and that by 2050 China’s per capita income would be close to that of the US in 2000.
Subsequent to that report the explosive growth of China’s economy has had a dramatic and unpredicted eVect
on commodity markets, and China’s production of steel, 114mt in 1998, is no longer on a expected trajectory
of doubling during this decade, but will almost certainly have tripled by 2006. This obviously has a giant eVect
on China’s emissions of CO2, directly, and indirectly though its carbon-intensive power industry, and—along
with all the parallel developments in China—it raises the base from which China’s sizeable emissions will
continue to rise towards 2050.

4. The implications of these developments will have been very quickly absorbed by major UK multinationals
like BP and RTZ, and factored into large investment programmes to meet the markets of the coming decade
or two. But it is not clear how and at what speed the IPCC process can deal with absorbing new economic
information of this kind. Yet the credibility of the underlying assumptions, especially on the six major
emitters, the US, China, the EU, Japan, Russia and India, is essential to the strength of the case for action on
climate change.

5. If the UK is to play a leading role both in international agreements and in exemplary action, then it also
needs to lead on the analytical underpinnings, especially where they are controversial. When the Chancellor
of the Exchequer publishes the UK Budget, he also publishes a Red Book of assumptions, which are then
scrutinised and criticised by a range of independent commentators. The US National Intelligence Council
published in December 2004 its latest scenario-based geopolitical “Mapping the Global Future”, based on
widespread consultation. What we need is an equivalent UK publication for climate change, in order to
stimulate over years much greater understanding both domestically and internationally, and to provide some
common ground for the discussion of potential tipping-points. It should also be accessible: rather than the
style of the IPCC’s publications, which are more cited than read, a good model would be the reports of the
Royal Commission on Environmental Pollution.

I would, therefore, RECOMMEND that the UK should develop the capability to present and publish the
latest information and assumptions on likely international developments in long-run economic growth, in the
stock and flow of GHG emissions, and the implications for the range of temperature changes, in
comprehensible scenario form, designed for accessibility and for public discussion and debate.

Role of Economists

6. Unfortunately economists have, so far, badly lagged the climatologists. As Dieter Helm has written “the
usual economists’ toolbox looks puny against the scale of this challenge”. In “Economic Models of Climate
Change: a critique” (2003) Stephen DiCanio wrote that “The climate problem hinges on issues which are very
poorly handled by conventional energy economics—matters of distributional equity, nonmarket
environmental quality, intergenerational fairness, and the internal workings of firms”.

7. In the UK there appear to be only two well-recognised economists with a solid reputation in this area,
David Pearce and Dieter Helm. For much of the analysis, the UK, like China or India, has to depend on a
small number of US economists eg at Yale and Stanford. It would appear that the latest eVorts of the ESRC
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have been focussed on establishing and supporting the Tyndall Centre, which is becoming an important
climatological, rather than economic, centre.

8. The big gap appears to be the economic analysis of possible catastrophe. Much of the economic analysis
assumes gradual change. Yet one of the main talking-points at the recent Exeter conference was the wide range
of possible global and regional catastrophes being assessed by the climatologists—over various time-scales.
William Cline was on to this in his 1992 “The Economics of Climate Change”, but most subsequent economic
analysis appears to have downplayed or ignored this.

9. This is where an integrated analysis needs to take account of the relationship between economic growth,
the stock and flow of emissions, and the climatologists’ evolving views on tipping-points. It needs to absorb
the latest empirical climate research as it emerges year-by-year. And it may, as one witness suggested, need to
draw, for its intellectual underpinnings, on the well-developed work in the financial analysis of futures and
options. Only then will there be a robust base for public policy.

I would, therefore, RECOMMEND that the ESRC substantially enhance its support for the economic
analysis of climate change, in order to build a UK cadre of recognised economists in this field who can aim to
match or surpass those of the US and can lead the domestic and international debates on public policy.

Bjorn Lomborg

10. Bjorn Lomborg has played a significant part in stimulating debate, and his charm and energy make him
on first impression a persuasive figure. But it is now clear that much of his eVort is misguided or worse. This
emerges from an analysis of his 2004 so-called “Copenhagen Consensus”, involving an array of economists,
including two major figures, Thomas Schelling, who first suggested that developing countries might benefit
more from increased aid than from action on climate change, and Robert Mendelsohn, described by The
Economist as “a conservative Yale economist who was an oYcial ‘critic’ of the climate paper in this process”.
The outcome of the Copenhagen Consensus was an agreed ranking of climate change as one of the least
important major global challenges. According to The Economist of 5 February 2005, Schelling has now said
that “presenting climate change at the bottom of the list “(for investment) “as ‘bad’ is misleading”, and
Mendelsohn went further, worrying that “climate change was set up to fail.”

11. It appears that the “set-up” was based in part on the disjunction between the original question for the
Copenhagen Consensus participants, who were asked for the ranking of a hypothetical $50 billion of
investment to address global problems “over four years” (see B Lomborg—Global Problems, Global
Solutions (2004) p 3), and the conclusions (eg p 605) and subsequent publicity which made little or no reference
to “over four years”.

12. This shows the importance of the twin recommendations set out above. Without (a) an authoritative,
accessible publication of latest information, developments and scenarios, and (b) a broad and international
range of leading economists integrating the evolving research of climatologists into economic analysis and
recommendations for public policy, the whole debate is vulnerable to being hijacked or unhelpfully politicised.

17 March 2005

Memorandum by BP

Introduction

1. Economic aspects of climate change are as important and as contentious as the scientific dimensions. Even
if the science of climate change were perfectly understood, economic aspects would be critical in the assessment
and comparison of policy options and their timing. The economic aspects will always be complex. The overlay
of scientific uncertainty multiplies this complexity.

2. Nevertheless, despite these diYculties it is still important that economic assessments of climate change and
mitigation policies be undertaken in order to assist in the determination of most suitable policy options.

The Scientific Dimensions

3. BP believes that policy should be predicated on the scientific consensus having established the need for
precautionary action. There is a broad consensus of scientists that believe that the world is warming and that
human activity, including the burning of fossil fuels, has been a causal factor in most of the recent temperature
changes.
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4. While acknowledging the very large degree of uncertainties within the science, BP believes it is reasonable
and prudent to assume that a continuation of current energy trends will raise global greenhouse gas
concentrations, and that these in turn will exacerbate global warming. This could manifest itself in various
ways, such as further increases in temperature, a rise in sea level and an increase in climatic instability. We
have stated publicly that we feel that it is time to begin to take action in face of these very long term problems.

The Economic Response

5. Acceptance of this precautionary approach demands an economic response. Economic analysis of the
problem has tended so far to focus on cost-benefit analysis. The work undertaken in the 1990s often focused
on the physical mechanisms of climate change and potential damage it might cause. More recently, and
especially in the economic work involved in the production of the IPCC’s Third Assessment Report (TAR) in
2001, this has been extended to include the costs of mitigation over very long periods of time. However, one
should emphasise that underlining all this is the reality that attempts to assess the costs and benefits associated
with changes in the energy mix are likely to meet with a greater degree of accuracy than estimates covering the
totality of costs as a consequence of changes in the climate.

6. Ancillary costs and benefits will also inevitably develop from climate change mitigation policies. But the
temptation to address more than one issue with a single policy instrument should be resisted.

7. This is because it is very easy to exaggerate the “double dividend” which is sometimes claimed from a single
instrument. For example, there can of course be ancillary eVects of imposing a tax, in addition to its main
purpose, and these must be taken into account. But in general, policies should aim at redistributing such
revenues in a tax neutral manner. It is better to use single instruments for single objectives.

8. Finally, the understandable urge to be seen to be “doing something” must be resisted if the resultant costs
outweigh the benefits, or possibly undermine the long-term economic strength which will be required to
develop new technologies and invest in mitigation programmes.

The Work of the IPCC

9. BP considers that the work of the IPCC Working Group (II) was very valuable. Most importantly it
indicated:

— There is a massive range of uncertainties with respect to macroeconomic and energy prospects over
a century. The fundamental diVerences between the range of credible scenarios is striking.

— There are a range of technologies that exist today that could, over a long period of time, eVect a
global transition towards a sustainable level of greenhouse gas emissions and a sustainable global
climate.

— The costs of these today and in the future are very unclear. Nevertheless, sets of apparently
reasonable assumptions can lead to the conclusion that the long term costs of emission abatement
need not be high.

10. The choice of policy instruments in implementing mitigation strategies is critical. The economic benefits
of global emissions trading is clearly high.

11. Nevertheless, all such economic analysis faces a set of fundamental problems:

— The economic objectives may conflict from time to time. For example, in some instances lowest cost
outcomes could conflict with sustainability and equity objectives, where they do not fully represent
the cost of important externalities, eg local air quality. There will be a need to compare winners
and losers.

— Conclusions can be very sensitive to discount rates. The intergenerational dimension of the climate
problem makes the issue more complex, while indicating a possible rationale for use of discounts
rates that are lower than market rates.

12. Further economic analysis will be needed continually at the national, regional and global level as scientific
knowledge increases, lessons are learned from policy implementation, technologies advance and costs change.
To date there is no reason to believe that economic research has been inadequate as the world has struggled
to understand the issue of global warming and policy options. First class UK economists have been involved
in the work of the IPCC and in independent studies.

13. BP believes that at this stage it is impossible to define with any meaningful accuracy who will bear the costs
of future climate change and of possible resulting mitigation policies. Specific cases can be identified with some
degree of certainty (eg very low lying island communities) but other dimensions are too uncertain. This is
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especially so of the regional dimension, where it is virtually impossible to analyse or predict specific risks on
a country-to-country basis. It is even unclear, for example, whether the UK would become warmer or colder
as and when the world warms further.

Conclusion

14. In broad terms BP believes that there is no single technology or instrument that will “solve” climate
change. Market based policy options tend to be most likely to deliver lowest cost options. However, each
major policy option requires a cost benefit analysis.

15. Trading of emission permits has shown itself to be a valuable tool. The value is greater to the degree that
trading is permitted across national boundaries.

16. Continuing scientific and economic research is required to better understand the problem and mitigation
options. Knowledge sharing needs to remain a key element of climate policies.

23 March 2005

Memorandum by Leonard G Brookes BA, PhD, Fellow of the Energy Institute1

1. Preamble

1. The author of this paper is not in a position to make detailed calculations of the cost of action to meet
current fears about climate change. He has however taken a keen interests in the subject of climate change
since it first hit the scientific, and later, the public headlines, having encountered references to the phenomenon
of the eVect on global warmth of the so-called greenhouse layer at least four decades ago. At that time it was
treated in the scientific world as no more than an interesting theory put forward in a paper published in 1896
by the Swedish scientist Svante Arrhenius who reported his ideas about the carbonic acid2 in the atmosphere
aVecting the temperature on the ground. The present author feels that the interest he has taken and the reading
he has done put him in apposition to oVer qualitative comments that may prove helpful to the Lords’
Committee.

2. There are at least four elements to be taken into account in any evaluation of the global warming
phenomenon:

(i) Are we justified in fearing catastrophic eVects from mankind’s use of certain fuels and other relevant
materials? Is the phenomenon more than just an interesting idea in other words?

(ii) If there is a real threat, what might be the nature and the level of the damage? Can it be costed?

(iii) What is the nature and the magnitude of remedial action that might be taken? Can this be costed?

(iv) If remedial action calls for a major diversion of resources on a global scale how does the threat of
global warming stand in relation to other possible uses of the same resources—the relief of third
world famine and disease for example?

2. How real is the threat from man’s activities?

3. There may be a significant threat that has nothing to do with man’s activities—although as we shall see
below some sceptics would deny even this. There have been wide fluctuations in the temperature of the Earth
over its history. Evidence for this can be seen in the evaluations that have been made of ice cores taken from
the frozen Arctic Lake Vostok—which embrace hundreds of thousands of years. On a much shorter scale we
have historic evidence of a period of higher temperatures at the time of the Norman Conquest; and in the 19th
century we had the ice fairs on the River Thames. These fluctuations could have been due to changes in the
activity of the Sun and if there is a real threat today it could have the same cause.

1 Before his retirement from full time work in 1980 Leonard Brookes was responsible for Economics, Forecasting and Energy Policy at
the London HQ of the United Kingdom Atomic Energy Authority. He subsequently worked as a consultant to public and private
bodies including the UKAEA, the CEGB, the Electricity Council, the ODA (with Maxwell Stamp Associates), the International Atomic
Energy Agency, the US Electric Power Research Institute, the Commonwealth Scientific OYce, and as an attached specialist on projects
with a number of economic and engineering private consultancies. He is the author of many papers published in learned and specialist
journals on the subject of energy economics and policy (most recently in Energy Policy for June 2004) and was editor/compiler and
part author in partnership with Dr Homa Motamen—then of Imperial College—of “The Economics of Nuclear Energy” published by
Associated Book Publishers in 1981. He was also, by invitation, the author of the Open University’s course unit on Energy that formed
part of their course on Statistical Sources.

2 Carbon dioxide dissolved in water produces carbonic acid.
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4. A number of writers have expressed scepticism about the very existence of a global warming threat or at
least of a man-made one or about the seriousness of the threat.3 There also exists a European sceptics’ “club”
based in the UK4. The author will content himself first with a summary of comments in some sceptical papers
published in 1999 in the Newsletter of the International Association for Energy Economics5 that impressed
him, plus extracts from a well-thought-out letter by Neville Potter, past President of the UK Institute of
Energy, that appeared in the Institute’s journal for July/August 1999.

5. Key points in the papers and letter are given below:

(1) There is a poor match between the periods covered by the rises in temperature which it is claimed
have been observed and the period over which there has been a large increase in fuel use.

(2) The critics are sceptical about the ability of the mathematical models used by climatologists to take
account of all the factors involved in climate modelling and prediction especially the ability to
forecast changes 70 to 100 years hence. They regard the models as useful tools for education and
research but would not accept their answers as a basis for national and international decision
making. The models “should not be placed on a pedestal” they say. Changes made to models in an
attempt to improve their predictive power over the world as a whole are questionable and in any case
leave puzzling anomalies in changes region by region. Predictions by the models tend to be of larger
increases in temperature than are found from either ground based or satellite based data.

(3) The movements in global temperature are equivocal and do not lend support to the claims of a
threatening monotonic process. Signs of rising average temperature are confined to night time
readings: there is little sign of rising day temperatures. Climatologists would expect to see greater rise
at the poles than elsewhere but there is little sign of this in practice. Measurements taken using
satellites in the twenty or so years for which they have been available show no increase in
temperature.

(4) The greenhouse layer consists of approximately two thirds water vapour with almost all the
remaining third consisting of natural sources of CO2 and other gases such as methane. CO2 from fuel
use of all kinds is an insignificant 0.6 per cent of the total. All eVorts to reduce CO2 emissions are
concentrated on this insignificant fraction. The eVect of making fuel scarcer and more expensive
would manifest itself as a major cost to the economies of the world for a zero or near zero return in
terms of eVect on world climate.

(5) The letter by Neville Potter points out that all atmospheric CO2—not just that amount due to fuel
consumption—is present only as a trace constituent, smaller in quantity than the rare gas Argon.
This rare substance is nevertheless essential to life on Earth—as indeed is the presence of a
greenhouse eVect itself, without which the world would be too cold to sustain life. He deduces from
the substantial amounts of fossil limestone in the Earth’s crust (that do not seem to be increasing)
that there was much more CO5 in the atmosphere in past ages. Given its role in sustaining life should
we not be concerned about this decline? He concludes with an expression of incredulity at claims that
a rare constituent of the atmosphere that is essential to life should be a major threat to mankind.

6. One of the authors reported a seminar held at Houston, Texas at which three convinced supporters of the
global warming threat, three sceptics and one neutral engaged in public debate. One of the first group was an
exceptionally strong supporter and one of the sceptics a strong opponent. (There were representatives from
climatological departments on both sides of the debate.) At the end of the proceedings all participants were
asked if they would now sign the Kyoto protocol. Six of the seven said they would not. Only the strong
supporter remained true to his conviction. The neutral would have signed the protocol before the debate but
had been convinced by a paper oVered by a strong supporter (not one of the seven) that any return from Kyoto
would be too small to justify the heavy cost of compliance.

7. The report of the George C Marshall Institute mentioned in footnote three is impressively analytical—
drawing the vitally important distinction between comments and bodies that are primarily political in nature
and those based on the relevant science. It is introduced by a summary and preface by Philip Stott, Emeritus
Professor of Biogeography at the University of London. Stott’s comments are based on what is said in the
Marshall report itself. On that basis he points out that the Intergovernmental Panel on Climate Change whose

3 Examples are “Climate Policy after Kyoto” by several authors writing under the auspices of a Swedish University but including non
Swedes among its contributors; individual papers published in journals and, in particular, in the newsletter of the International
Association for Energy Economics and summarised by the present author in this section; and a report by the George C Marshall
Institute, Washington DC embracing contributions by 11 distinguished contributors and published in the UK by the body mentioned
in footnote 4.

4 The European Science and Environment Forum.
5 The authors were Gerald Westbrook, ex Senior Associate of the college of Business Administration at the University of Houston (also

ex Hydrocarbons and Energy Economist at Dow Hydrocarbons and Resources Inc); and Brian P Flannery, Manager Science and
Strategy Development, Exxon Corp.
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work is the basis for the Kyoto protocol is often presented as a purely scientific body. In reality, while its work
involves many leading experts, the IPCC is made up of government representatives. Its activities tend to be a
cross between scientific peer review and intergovernmental wrangling. The Marshall working party argues that
they have two main concerns about the IPCC:

(i) the process that produced the “Summary for Policymakers” (the SPM); and

(ii) the overriding emphasis on reaching a concensus—a process that misleadingly reduces the
uncertainty in the science. They point out that the SPM was produced line by line at an IPCC plenary
session at which the scientists present were very much in the minority. The Marshall working party
concluded that the Kyoto protocol was not the way forward: the mandatory command and control
economics and politics of the Protocol were not justified. This did not mean that voluntary reductions
in greenhouse gases should not be pursued: there were reasons for diversifying energy technology
that had nothing to do with climate change. In general they were highly critical of the categoric
statements about the existence and level of climate change that were put forward to justify Kyoto
action.

8. The foregoing makes the case for scepticism. The climatologists voicing the fears of real threats continue
to speak out using more and more sophisticated arguments. The Financial Times for 19 February 2005 reports
the Scripps Institution of Oceanography in California as citing changes in the salinity of the oceans as a much
more important indicator than the presence of CO2 in the atmosphere.6 The Institution claims that 90 per cent
of the energy from man’s release of CO2 ends up in the oceans, the reduced salinity of which is due, they say,
to the melting of the Arctic and Greenland ice sheets and could lead to such chaos–theory type outcomes as
the diversion of the gulf stream that saves us from a climate like Norway’s. However in a Channel Four
programme a few years ago researchers claimed that there was more melting in cold winters than in warmer
ones. This, they said, was because the melting occurred from the bottom of the sheets due to pressure from
the heavier falls of snow on top, not from the eVect of a warmer atmosphere acting on the top of the sheets.7

9. The lesson the author of this paper oVers is that uncertainty about a threat from man-made global warming
does exist. An uncertainty factor should be applied to claims about damage from such a threat and should be
taken into account in deciding upon the level of remedial action against other claims on the resources needing
to be employed.

3. What might be the nature and extent of the damage from man’s use of fossil fuels?

10. The principal threats are usually given as:

1. A rise in sea levels threatening all low lying regions of the world; and other eVects on the seas aVecting
familiar flow patterns of the oceans.

2. A departure from familiar ambient temperature levels with adverse eVects on the local environment
and on traditional farming and other activities.8

3. An increase in catastrophes like floods and hurricanes due to the deposition of additional energy into
climatic systems.

11. Evaluation of the economic cost of damage tends to be done alongside evaluation of the cost of remedial
action in studies that attempt to balance the two. The two will be taken together in the next section.

4. How much remedial action is justified and what will it cost?

12. Before we proceed to examine this question we should first take a brief look at the present tendency to
divide the world into the “good guys” who have supported the Kyoto protocol and the “bad guys” like the
USA who have so far stood out implementing it. So far 141 countries have signed the protocol but only 35
have agreed to make carbon emission cuts under the treaty. Only two of the EU 15 countries are on track to
meet their Kyoto commitments. Italy has said it will not seek further cuts in emissions after 2012.9

6 The level of CO2 in the atmosphere is a balance between the amount released and the amount removed due to its solubility in water.
It has been argued that diVerences from year to year in atmospheric CO2 concentration may be due to changes in the levels of the wind
from year to year that distribute CO2 over the absorbent oceans.

7 We should take note that melting of floating ice sheets does not result in changes in ocean levels. This is because floating ice displaces
its own weight in water.

8 It is recognized however that there would be winners and losers. Some regions might finish up with a better climate. It has also been
argued that more people in the world die from cold than from being too warm.

9 All this according to Alex Singleton, President of the Globalisation Institute, in a letter to the Daily Telegraph for 19 February 2005.
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13. Next we should take on board the argument that if we face a real threat of damage, say, towards the end
of the century, our ability to deal with it will be considerable reduced if we take action now that reduces growth
rates and hence limits the resources likely to be available to us to deal with future environmental problems.
Others have argued that a warmer world might be a nicer and richer one.

14. Now let us turn to what studies have been done to measure threats and remedial costs in economic terms.
Many studies have in fact been conducted notably in the USA10 attempting to balance the cost of remedial
action against attempted evaluations of the damage done. The “Energy Journal”, the organ of the
International Association for Energy Economics, published a special edition devoted to this subject in 1999.11

Two distinguished economists Ronald Sutherland, one time with the Argonne National Laboratory,
Washington DC and now an independent consulting economist, and Robert L Bradley jnr, President of the
Institute for Energy Research, Houston, Texas. commented on the papers in the Newsletter of the
International Association for Energy Economics for the first quarter of 2000. Sutherland drew a distinction
between what he called the Green Team (environmentalists and conservationists) and the economists. The
former believe in what some have called the “free lunch” hypothesis (which most economists reject as
misconceived), namely that improvements in energy eYciency can be made that reduce consumption with little
or no damage to economic performance or even an improvement in it. They thus tend to arrive at low costs
of implementing the protocol, while the latter have estimated “high” costs. It has to be acknowledged—and
indeed is acknowledged by the experts—that their conclusions (despite the sophistication of their modeling
techniques) depend very much on hypotheses—necessarily so at this stage because experience of the economic
eVects of restricting energy use on a world scale is lacking. Conclusions must be seen against such uncertainty.
There was some suggestion that of the possible measures—carrots (subsidizing benign sources) and sticks
(taxing carbon sources)—sticks were more eVective.

15. Sutherland12 oVered the following useful set of comments13 on the more important papers in the special
issue:

1. These studies generally show that the emissions trajectory described in the Protocol is lower and the cost
of mitigation higher than that required to meet the long run objectives that were considered (Weyant and
Hill—Stanford University, Stanford California—who edited the set of papers and are here summarizing
several papers.)

2. The short term US abatement costs of implementing this Protocol are likely to be substantial. Finally,
the Protocol seems inconsistent with cost-eVective long term strategy for stabilising concentrations.
(Manne and Richels—Stanford University and the US Electric Power Research Establishment.)

3. It appears that the strategy behind the Kyoto protocol has no grounding in economics or environmental
policy. (Nordhaus14 and Boyer—Yale University.)

4. The emission reduction targets as agreed in the Kyoto Protocol are irreconcilable with economic
rationality (Richard Tol—Institute for Environmental Studies, Vrije University, Amsterdam.)

5. From a welfare perspective the major eVect of the Kyoto agreement is to produce a large wealth transfer
from the Annexe 1 countries (the richer countries called upon to accept the lion’s share of carbon
reduction) to the non-Annexe 1 countries, while realizing none of the benefits of CO2 control (Peck and
Teisburg, (The US Electric Power Research Institute and Teisburg Associates Charlottesville,
Virginia.)).

16. Surprisingly however Sutherland concludes that the models used in the papers in the special issue of “The
Energy Journal” are not necessarily the appropriate tools for assessing the costs of Kyoto: they tend to pick up
long run eVects rather than the shorter run eVects to which Kyoto is addressed. He does however pay tribute to
the Energy Modeling Forum based on Stanford University that organised the collection of papers saying that
simply bringing together the best of the international modeling teams with a common purpose does contribute
significant credibility to their findings. The present author hopes that this somewhat muddled conclusion does

10 It is ironic that although it is the USA that is condemned for reluctance to follow the rest of the world in reducing emissions, the same
country stands out for the quantity and quality of the work done there to compare costs and benefits and indeed to evaluate the
likelihood, nature and extent of a real problem.

11 Thirteen modelling teams contributed to this volume—seven from the USA and six from other countries.
12 In a paper published on a diVerent occasion, Sutherland concluded that, on a wide range of assumptions about damage from global

warming and the likely cost of remedial action, the optimal course was to do nothing.
13 Subjected to some editing by the present author.
14 William Nordhaus is Professor of Economics at Yale University. The paper that he produced with his staV member Joseph Boyer is

a crushing indictment of the Kyoto Protocol—the benefit to cost ratio of implementing the Protocol is very low and its cost—allowing
for the emissions trading provided for—is about an order of magnitude higher than it need be. For several decades Nordhaus has been
a towering figure in the world of energy economics. A few years ago he produced a paper arguing that it is unethical to expect today’s
citizens to make sacrifices in the interests of future societies who are likely to be much richer and able to aVord measures to deal with
the environmental problems they may face.
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not confuse the Lords’ Committee. His own view is that one would have to search far and wide before finding
a more authoritative collection of experts in this field and that he would attach great weight to their findings.

17. The teams of modellers paid special attention to the role of emissions trading. They claimed that, if trading
results in the countries able to make the best use of fuel being able to buy the right to use it from countries
only able to earn lower levels of income per unit of fuel consumed, trading results in a lower cost overall of
meeting Kyoto restrictions. It follows that if trading includes the developing countries (who might gain more
from selling their emission rights than by using the relevant fuel) then the cost of reducing emissions is
minimized. Sutherland questions the benefits claimed saying that the modelers failed to take account of the
costs of operating and policing the trading system which could be quite considerable.

18. Sutherland further points out that the developing countries are not constrained under Kyoto to reduce
their own emissions. They are thus able to sell emission permits at a low price. According to Nordhaus and
Boyer, if the DCs do not reduce their emissions, global mean temperature declines by only 0.13)C over the
next century. If the DCs were constrained to reduce emissions they might not have credits to sell to other
countries. In other words trading has the greatest potential to reduce costs when the policy fails to reduce the
threat of global warming. Perhaps this should be seen as another example of the failure of the Kyoto
machinery to deliver.

5. How does mitigating the threat of global warming compare with other possible uses of the remedial resources?

19. The author oVers the views of the International Red Cross and the Red Crescent on this point. Other
commentators including the present author himself have commented in almost precisely similar terms. It takes
only a few words to put the relative uses of the resources into perspective—see below:

Comments in the latest report of the International Red Cross–Red Crescent contrast deaths from
disasters like floods and hurricanes at thousands per annum (which might be reduced by costly anti-
global warming measures) against deaths of 13 millions per annum from third world disease that
could be avoided by relatively cheap medical measures if the necessary relatively modest resources
were made available. (Taken from press comment on the report of the two international bodies.)

20. To this should be added the massive loss of life every year from recurring famine in third world countries,
relief of which also would be arguably a more worthy use of the resources concerned.

6. Conclusions

21. Perhaps the issues most deserving of close attention by critical analysts are (i) the validity of the origins
of the pronouncements of the Kyoto authorities (see paragraph 7) and (ii) the relevance of their
pronouncements to the presumed problems to be addressed (see paragraph 15).

24 February 2005

Memorandum by Sir Ian Byatt
Climate Change and Economics

The Context

I am a Senior Associate with Frontier Economics and an Honorary Professor at Birmingham University. I
was previously Director General of Water Services (Ofwat) and, before that, Deputy Chief Economic Adviser
to the Treasury, where I was responsible for leading micro-economic/supply side analysis within the
Government Economic Service. I had worked in the Department of the Environment in the early 1970s on the
Club of Rome predictions. I welcome the opportunity to briefly elaborate the views set out in the letter
published in the Times on 24 October 2004.

That letter argues that, in this area, government and opposition are now of one mind. Both hold an alarmist
view of the world, and call for a radical—and costly—programme of action. Both seem to believe that
prospective climate change, arising from human activity, poses a grave and imminent threat to the world. Such
statements go well beyond what can be taken as established facts.

My own reading of the evidence is that many of the scientific issues surrounding climate change remains
unsettled. More importantly, in my view, there are a number of economic issues that have not been adequately
addressed. It is premature to conclude that any human-induced global warming would necessarily occur
rapidly and further, that any such warming would be catastrophic. I do not, therefore, agree that drastic and
far reaching action is justified, especially without more careful consideration of the type of action appropriate,
and of the costs associated with it.
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The actions favoured by ministers appear chiefly to take the form of a range of higher targeted subsidies, and
of stricter controls and regulations to limit CO2 and other greenhouse gas emissions. All of these measures
would raise costs, for enterprises, for households, for taxpayers. They would make many people, including
some of the poorest, significantly and increasingly worse oV.

These actions should be challenged on four grounds:

— The underlying analysis begins with projections of emissions that are subject to much greater
challenge than is generally recognised;

— They neglect the power of market mechanisms;

— They involve a flawed approach to decision taking; and

— They underestimate the costs of the policies suggested.

I turn briefly to each of these points and conclude by arguing, based on my own experience, of the importance
of ensuring proper use of economists in the Government Economic Service in these matters.

The Future and the IPCC Process

Temperatures have risen in recent years. There is insuYcient evidence, however, that this represents a lasting
change in long-term trends, or that human activities are solely or primarily responsible for these changes, or
that single remedies, such as radical cutting of carbon emissions, will reverse them.

The history of our climate shows significant, yet imperfectly understood, changes in the past. The treatment
of economic growth in the IPCC scenarios is flawed. Changes will take place in basic parameters. For example,
the energy intensity of economic growth has changed significantly as energy prices have changed. (In his
evidence to your lordships, Professor McKitrick has pointed out that global emissions per capita have levelled
oV since around 1975.)

Other market responses will influence outcomes. There are oVsetting eVects. For example, discharge of CO2

increases biomass as well as carbon in the atmosphere. The trade-oVs involved in these issues should be more
closely studied.

Modelling has its uses in trying to understand the future. But it also has its dangers and its track record in
making predictions, even within a range, is poor. The data used in models is subject to error, complex models
are diYcult to disentangle and diVerent techniques of modelling produce diVerent answers. There is often some
particular parameter in a complex situation that dominates the answer. My own experience of understanding
the Club of Rome projections in the 1970s and of forecasting the price of oil in the 1980s convinced me of the
dangers of relying too heavily on quantitative modelling in policy formulation. In his evidence to your
lordships, Professor McKitrick has argued that the modelling procedures are flawed because of mistakes in
the underlying factor analysis.

Scenario planning can be valuable as a way of linking uncertainty with analysis of possible actions. But to be
helpful, the scenarios must cover a wide range of possibilities and, furthermore, some analysis of probabilities
is essential. The IPCC scenarios suVer from a limited range as well as from limited analysis of the underlying
economics.

More broadly, the handling of economic issues within the IPCC process is open to question, and cannot be
viewed as professionally representative. I believe that Treasuries and Ministries of Finance should pay more
attention to this aspect of the process, both nationally and internationally.

I conclude that there is neither suYcient evidence to forecast the “hockey stick” changes emerging from the
IPCC work now set out in the Government’s Paper on Energy (DTI Our energy future: creating a low carbon
economy. Cm 5761. 2003), nor to justify the drastic action thought necessary.

The Role of the Market Economy

Where there is diversity in perceptions, preferences and situations a market approach has major advantages
over the command and control approach of setting “scientifically determined safe targets”. This is particularly
important where the implementation of policies to meet such targets would involve drastic action with limited
chances of success and the potential for massive waste of resources.

As Sir Alan Peacock has shown (The Political Economy of Sustainable Development Presidential Address to
the David Hume Institute, 2 October 2003) markets take account equally of human altruism and human
selfishness. They provide highly sophisticated ways of doing this. In contrast, command and control policies
typically fail to achieve their objectives in a cost-eVective way. They cannot take proper account of the mass
of relevant information. Their use risks making mistakes, often on a massive scale. Notable examples are
government support for aviation and nuclear power. A more recent example is provided by the government’s



3092982004 Page Type [E] 24-06-05 17:45:02 Pag Table: LOEANY PPSysB Unit: PAG2

206 the economics of climate change

response to foot and mouth disease, where large numbers of farm animals were slaughtered with little
consideration of alternatives.

It does not follow, of course, that market mechanisms are always suYcient fully to meet social or collective
objectives. Some governmental intervention may be needed fully to secure collective objectives. But rather
than adopting policies that impose their view of collective objectives, governments can help markets to work
better by creating incentives to more socially acceptable/less environmentally damaging behaviour. This use
of incentives is particularly eVective when there are diVerences in situations, endowments and preferences.
They are also much more transparent.

Market mechanisms can be particularly eVective in an uncertain world. Government planning is inevitably
based on imperfect knowledge. As new facts emerge and perceptions change, governmental planning easily
becomes stranded in wrong solutions. In contrast economic agents have demonstrated a remarkable ability to
adapt to change and to respond to market signals. As Professor Anderson has argued in his evidence, there is
a wide range of ways of reducing CO2 and other greenhouse gas emissions. The use of market signals would
help to explore which are the more acceptable and cost eVective ways of doing this.

The use of market mechanisms also provides a running check on the costs of policies. Initial estimates of costs
can be built into a policy instrument, such as a carbon or greenhouse gas tax. Should that instrument prove
to be less eVective than had been originally estimated, i.e. more costly,—because, for example, costs of
compliance have been underestimated—further consideration of the costs and benefits of the policy are
prompted. By contrast slow progress or apparent failure of command and control policies tends to prompt
intensification of the policy simply because the immediate objective is not being achieved suYciently rapidly.

Decision Rules

Human beings—in diverse positions with diVering objectives—respond to circumstances in diVerent ways.
Situations where there are multiple actors and multiple objectives are not best characterised as situations
where there are specific problems to be solved. It is not helpful to approach them as one where “we”, the human
race, led by a benevolent leader, or advised by a Platonic guardian, must rely collective action to secure a single
objective. Rather than targeting “safe scientific” standards, whatever the costs of doing so or the benefits of
achieving them, it is more useful to ask how economic agents with diVerent capabilities can be expected—or
encouraged—to adjust their behaviour.

The use of the precautionary principle is frequently used to justify action where severe damage is in prospect,
albeit with a low probability. This can involve a flawed approach to decision taking. To be prudent may be
wise, but the rule must be applied systematically. There may be risks that global warming is taking place, but
there are also risks that policies designed to counter this will damage the achievement of other objectives. For
example, world economic growth is the only sure way sustainably to reduce world poverty. And economic
growth leads to reductions in the energy intensity of GDP. The precautionary principle should be applied in
a comprehensive way, taking a balanced approach to all the risks, and not simply to some of them.

Dealing with uncertainty is essential, yet the state of analytic techniques is still limited. To do the job properly
must involve a large element of judgement. It is not enough to combine unsatisfactory scenarios with over
reliance on one decision rule, especially when it is applied selectively.

The Costs and Benefits of Policy

In my experience, the costs of government actions are usually underestimated by government ministers—often
by a large margin. This was my regular experience both in the Treasury and in the regulation of the water
industry. There is already evidence of substantial underestimation of the costs of “green” electricity. (David
Simpson Tilting at Windmills: the Economics of Wind Power Hume Occasional Paper No. 65 April 2004)

In my experience as a government advisor and at Ofwat, the benefits of environmental policies are rarely
analysed carefully or systematically. DiYculties in assessing benefits are avoided by simply asserted that they
always outweigh the costs—or “that there is no choice”. In this case we are told to “save the planet” with little
idea what this involves other than a slogan for virtuous action.

In reading the uncorrected evidence of DEFRA oYcials, I was struck by the lack of evidence of damage/benefit
functions in this area and the lateness of attempts to fill this gap. Despite the diYculties of such work, it cannot
be right to base far-reaching policies on this foundation.

Furthermore, there are always opportunity costs to be considered. Many more policies are said to be essential
than there are resources to implement them. It is necessary to consider the alternative use of the resources used
as well as the financial costs of proposed actions. This rarely happens in this area.
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Conventional wisdom alleges that the civil service is too concerned with “policy” and too little with “delivery”.
There may be some truth in this, but the view that civil servants are employed simply to implement strategy
and to take no part in its formulation risks creating situations where action, and not always well judged action,
is taken without adequate consideration of all the consequences, including the unintended consequences.

Recent years have seen the growth of powerful single interest pressure groups, the NGOs. They often have
charitable status and are well financed and well staVed. They have become political bodies, with considerable
lobbying power, although their accountability is to their members, not to a democratic constituency. They are
usually interested in furthering specific objectives, not considering the trade-oVs involved in policy choices.
That role must fall to democratically accountable government, which needs adequate resources to discharge
this responsibility. These resources do not all need to be within government, but there must be suYcient
internal capability to ensure that proper analysis is carried out and properly presented to ministers. External
checks may be necessary to ensure that this is taking place.

The Role of Government Economists

The presence of professional economists inside the government is a crucial aspect of such a capability. It can
help to reduce the risk of hasty and ill-considered action. It can also guide action in ways that will help to
ensure that policies have been subject to rigorous economic analysis. The government has recognised the
importance of economists by expanding the Government Economic Service (GES), which now comprises
some 800 trained economists.

But are they being well used in this area of policy? There is no evidence that they are having a powerful
influence on decision taking in this area. Yet substantial resources, including public money, are at stake.
Baroness Farrington told your Lordships on 21 April 2004 that the government was satisfied that the
economic and statistical work of the IPCC is the most comprehensive assessment available. If it is the best
available, it is only because economic experts have not been properly deployed, either by HMG or other
governments. My own perception is that the economic issues are being avoided and that Baroness
Farrington’s later assertion that “the views expressed by Mr Castles and Mr Henderson were considered
extremely carefully by the government” reveals economy in drafting rather than economics in policy.

I urge your Lordships to examine the role of the GES in consideration of these issues, both in Whitehall and
in guiding the work of the IPCC.

Conclusions

I am concerned that:

— The UK Government is pursuing polices to combat climate change that are a less than fully
considered response to a situation that is much more uncertain than acknowledged; and

— The economic analysis underlying governmental decisions is at best inadequate and in some respects
seriously flawed.

29 March 2005

Memorandum by Dr Ian Castles, Asia Pacific School of Economics and Government,
Australian National University, Canberra

1. In a press statement issued in Milan on 8 December 2003, the IPCC charged that:

In recent months some disinformation has been spread questioning the scenarios used by the IPCC
as developed in its Special Report on Emissions Scenarios (SRES). Like all reports published by the
IPCC, this publication was based on an assessment of peer reviewed literature available at the time
of the preparation of the report and subject to the review and acceptance procedures followed by the
IPCC. As the work of the IPCC proceeds further any new literature that becomes available will be
assessed.

2. The statement identified “so-called ‘two independent commentators’ Ian Castles and David Henderson”
as the source of the “disinformation” about the IPCC scenarios. The IPCC has dismissed our critique of the
scenarios and has determined that the SRES provides “a credible and sound set of projections, appropriate
for use in AR4.”



3092982005 Page Type [E] 24-06-05 17:45:02 Pag Table: LOEANY PPSysB Unit: PAG2

208 the economics of climate change

3. Some months earlier, the process of assessment, review and acceptance of the SRES that was summarised
in the IPCC press statement was outlined in detail by 15 of the SRES authors themselves:

Over the period of more than three years, the IPCC writing team developed a set of long-term
emissions scenarios and documented them in a Special Report on Emissions Scenarios (SRES, 2000).
The international and interdisciplinary writing team that assessed the scenarios literature and
developed the set of 40 emissions scenarios consisted of 53 Authors and four Review Editors. In
addition to scientists, the interdisciplinary writing team also included experts from NGOs and the
private sector. The work on the scenarios included an “open process” that invited modelling groups
and individuals to contribute to the scenario development. Six leading modelling teams participated
in formulating the scenarios that included systems-engineering as well as macro-economic
models . . . The scenarios were extensively reviewed both by 89 experts and by governments prior to
IPCC approval and publication in 2000. Based on these reviews, first the writing team and then the
IPCC Working Group III plenary session in Katmandu, Nepal, March 2000, modified and
subsequently approved the [SRES]. It was published by Cambridge University Press . . . and is also
available through the IPCC website (Nakicenovic et al, 2003, “IPCC SRES Revisited: A Response”,
Energy and Environment, volume 14, nos 2 and 3: 188"89).

4. In an article recently published in the quarterly Newsletter of the Royal Economic Society and submitted
in evidence to the Committee, Professor David Henderson has written:

In relation to our own subject interests, we question the claims to authority and representative status
that the IPCC makes on its own behalf. We do not question the numbers of those involved, their
diligence, or the existence and observance of formal review processes. But we think that when it
comes to the treatment of leading economic issues, the milieu is neither fully competent nor
adequately representative. We also hold that building in peer review is no safeguard against dubious
assumptions, arguments and conclusions if the peers are all drawn from the same restricted
professional milieu.

5. Professor Henderson and I have given many examples of “dubious assumptions, arguments and
conclusions” in the joint critique of economic aspects of the work of the IPCC that we have put forward over
the past two or three years.

6. In this submission I draw attention to eight further errors in the SRES and/or in the responses of the SRES
Teams to our critique, in addition to those identified in our previous papers. My purpose is to provide
additional evidence in support of the view that the IPCC should not be accepted as the authoritative source
of information on the economic aspects of climate change.

7. My submission is made in an individual capacity. I do not speak for any interest or organisation.

Claim that Energy Intensities in Developing Countries are Comparable with Past Levels in the

Now-Industrialized Countries

8. The relationship between economic development and energy intensity is presented in the SRES as follows:

Although there are consistent diVerences among regions and energy paths, the level of energy
intensities in developing countries today is generally comparable with the range of the now-
industrialized countries when they had the same level of per capita GDP . . . Global energy intensities
diverge across diVerent scenarios, as shown in the shaded wedge in Figure 2–10. The wedge clearly
illustrates a persistent inverse relationship between economic development and energy intensity across
the wide range of scenarios in the database (SRES, s 2.4.10, pps 97–98, emphasis added).

9. In fact there is no persistent inverse relationship between economic development and energy intensity if
economic development is measured, as it must be, in GDP(PPP). This is apparent from the estimates presented
by Professor Angus Maddison in Table 4b of his submission to the Committee. These estimates show, for
example, that in 2001 the level of energy intensity in the United States was higher than in most developing
countries and regions, including China, India, Other Asia and Latin America—and that this was also true
(with the single exception of China) in 1973. If there were an inverse relationship between economic
development and energy intensity, one would expect energy intensity in the United States to have been lower
than in developing countries in both years.

10. The myth that there is an inverse relationship is widespread, and arises as a consequence of the belief that
GDP(MER) is “the preferred measure of economic growth” (see, for example, Nakicenovic et al, 2003, “IPCC
SRES Revisited: A Response”,Energy & Environment, volume 14, nos 2 and 3: 187 and 199). For reasons that
have been explained in detail in our articles, estimates of GDP(MER) do not measure relative volumes of
output, and should not be used as indicators of levels of economic development.
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Omission of United Kingdom from “Definition of SRES World Region”

11. Appendix III to the SRES—entitled “Definition of SRES World Region (sic)”—lists 207 countries and
territories in the world, and shows how they are allocated to the four SRES regions. All countries and
territories of any significance in the world are included in the IPCC list, with one significant exception: the
United Kingdom. It is surprising that the British Government participants in the processes described in the
quotation in paragraph 3 above did not notice the absence of their country from the list. The other 207
countries and territories in the world are listed at http://www.grida.no/climate/ipcc/emission/149.htm.

Differences in Estimates of Regional and Global GDP in the Base Year of the Projections

12. There are many diVerences in estimates of regional and global GDP in the base year of the projections
(1990), even among scenarios in the same modelling group. In the case of the OECD90 region, for example,
the estimated GDP(MER) in 1990 is only US$15.3 trillion for the A2 MESSAGE scenario, but US$16.4
trillion for the other eight MESSAGE scenarios. The estimated GDP(PPP) in 1990 for the OECD90 region
is US$14.067 trillion for all nine MESSAGE scenarios.

13. It is possible that the reason why the estimate of GDP(MER) in 1990 for the OECD90 region in the A2
MESSAGE scenario is about US$1 trillion less than the corresponding estimate for the other MESSAGE
scenarios is that the GDP(MER) for the United Kingdom (which was of the order of US$1 trillion in 1990)
was inadvertently omitted (see paragraph 11 above).

Lack of Correspondence Between Global Total and Estimates for Regions

14. The estimated GDP(MER) for the World in 1990 is reported as US$20.9 trillion for all nine of the
MESSAGE scenarios. This corresponds to the total for the four SRES regions for eight of these scenarios.
However, the total of the four regions in the A2 MESSAGE scenario is US$20.080 trillion, or about 4 per cent
less than the estimate given for the World for this scenario.

15. It is possible that this is because, for the A2 MESSAGE scenario, the United Kingdom is included in the
estimate for the World but not in the estimate for the OECD90 region (see paragraphs 11 and 13 above).

Inconsistent Assumptions about Scenario Parameters

16. The “Glossary of Terms” in the SRES (Appendix IX) defines “scenario” as “a plausible description of
how the future may develop on a coherent and internally consistent set of assumptions about key relationships
and driving forces” (SRES, p 594, emphasis added).

17. Some of the SRES scenarios are not internally consistent because the composition of the four world
regions is defined diVerently for diVerent parameters in the same scenario. For example, Turkey is listed as
part of the “OECD90” region in Appendix III to the SRES, and is presumably included in that region in all
parameters in the MESSAGE scenarios, including B1 MESSAGE.

18. However, it is clear from the distribution of the global population between regions in the B1 IMAGE
scenario that Turkey is not included in the OECD90 region in this scenario so far as population estimates and
projections are concerned: the estimated population of this region in 1990 in B1 IMAGE was 859 million,
compared with an estimated population in the same year of 919 million in the B1 MESSAGE scenario. The
population of the ALM region (Africa, Latin America and the Middle East) was correspondingly higher in
the B1 IMAGE scenario than in B1 MESSAGE (and most other) scenarios.

19. Yet Turkey is not excluded from the OECD 90 region for purposes of the GDP estimates and projections
in the B1 IMAGE scenario: the GDP numbers for this region are virtually identical to those for the B1
MESSAGE scenarios in all years. The population estimates for the OECD 90 and ALM regions in the B1
IMAGE scenarios are therefore inconsistent with the corresponding GDP estimates for the entire period of
the projection. The population estimates for these two regions in 1990 and 2000 must also be inconsistent with
the corresponding emissions numbers, which are standardised for all scenarios and follow the SRES
Definition of World Regions throughout.

Confusion Between GDP(PPP) and GDP(MER) Growth Rates

20. Under the heading “Comparing apples and oranges”, the SRES Team allege that:

. . . in their critique Mr Castles and Mr Henderson systematically confuse MER and PPP GDP
growth measures as reported in SRES and elsewhere, both in terms of comparing the scenarios to
each other as well as in comparing the scenarios to both the historical and prospective (scenario)
literature. In short, they systematically construct a case out of comparing apples and oranges. For
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instance, throughout their critique an inappropriate comparison is made between the historical
growth rates reported in the formidable statistical work of Angus Maddison, that reports GDP in
PPP, with the MER growth rates reported in the SRES report, whereas a valid comparison would
have considered the SRES PPP scenarios instead (Nakicenovic et al, 2003, op cit: 196–97).

21. As pointed out in Castles and Henderson, 2003, “Economics, Emissions Scenarios and the Work of the
IPCC, Energy and Environment, volume 14, no 4: 422–23, the so-called PPP-based figures in the MESSAGE
scenarios are not genuine measures of GDP. The implied growth rates cannot therefore be compared with the
historical growth rates reported by Angus Maddison—see William Nordhaus, 2005, “Alternative Measures of
Output in Global Economic-Environmental Models: Purchasing Power Parity or Market Exchange Rates?”,
Prepared for IPCC Expert Meeting on Emission Scenarios, US-EPA Washington, DC, 12–14 January 2005,
revision dated 12–14 January 2005:

A final issue concerns how to construct panels of countrieswith PPP outputs or expenditures . . . The
most common practice is to combine the cross section of a base year (which is a PPP measure) with
extrapolations forward and backward for each country using that country’s prices and outputs . . .
This procedure is used by the World Bank, the OECD, and Angus Maddison (p 11, emphasis added).

Erroneous Calculation of Growth Rates for the 1990–2000 Decade

22. In another example under the heading “Comparing apples and oranges”, the SRES Team claim that:

Likewise, in his critique of the MESSAGE scenarios, Mr. Henderson . . . wonders why the 1990 to
2000 GDP growth varies between 20.6 and 35.4 per cent . . ., simply ignoring that the former (lower)
number refers to PPP, while the latter (higher) number refers to MER . . .

23. This is not correct. Both numbers refer to the reported growth in GDP(MER) in the MESSAGE
scenarios. The lower number refers to the A2 scenario, which projects an increase in GDP(MER) from $20.9
trillion in 1990 to $25.2 trillion in 2000 (SRES, p 481), and the higher number refers to the B2 scenario, which
projects a corresponding increase from $20.9 trillion to $28.3 trillion (SRES, p. 561). These increases in
absolute levels of GDP represent growth rates of 20.6 per cent and 35.4 per cent—ie, the numbers quoted by
Professor Henderson and repeated by the SRES Team.

24. The corresponding GDP(PPP) projections from the MESSAGE scenarios are readily available from the
same tables in the SRES, and imply an almost equally wide range in the rates of growth—from 21.4 per cent
for the A2 scenario to 35.2 per cent for the B2 scenario.

25. These very wide ranges in the projected growth rates for a decade that was already over when the SRES
was published should have been considered in the Report. The SRES Team’s false charge that Professor
Henderson had confused the MER and PPP measures suggests that they did not realise the implications of
their own results: they even claimed that “It is an added bonus that they (the projected GDP increases from
1990 to 2000) turned out to be quite robust in forecasting actual short-term historical development”, and that
“This is a tribute to the enormous eVorts that went into calibration of the base year in the six models and the
short-term dynamics such as the capital vintage structures” (p 203). In fact, the projections for the 1990s do
not show this. On the contrary, as Professor Henderson correctly observes,

. . . the SRES treatment of developments over the 1990s seems curiously detached from what
actually happened . . . Neither the spread of these scenario figures nor their relationship to actual
events is the subject of comment . . . Consideration of the reasons why some model results diverged
sharply from actual developments over the decade—in respect of energy consumption and CO2

emissions, as well as GDP—could well have been given in the Report, both as part of the assessment
of past trends and in commenting on the properties and performances of diVerent models (Castles
and Henderson, 2003, “The IPCC Emission Scenarios: An Economic-Statistical Critique”, Energy
and Environment, volume 14, 2 and 3: 183).

Claim that Castles and Henderson Endorsed MESSAGE PPP Scenarios

26. In their second response to Castles and Henderson (Grubler et al, 2004, “Emissions Scenarios: A final
response”, Energy and Environment, volume 15, no 1), the SRES Team state that “three of us (Grubler,
Nakicenovic and Rogner) have developed jointly with other colleagues the first set of PPP-based long-term
emissions scenarios in a joint study between IIASA and the World Energy Council (Nakicenovic et al 1998)
which was quoted by C & H as an example of how PPP can be used in such scenarios (p 16, emphasis added).

27. This is untrue. We stated clearly and emphatically that “The MESSAGE GDP series expressed in PPP
terms is not such a measure—it is mislabelled” (Castles and Henderson, 2003, op cit: 423). This comment
applies equally to the GDP(PPP) series in the MESSAGE SRES scenarios and to those in the IIASA-WEC
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study (Nakicenovic, Grubler and McDonald, eds, 1998, Global Energy Perspectives).The PPP-based series
which we quoted as examples of how PPP can be used in long-term emissions scenarios are listed in the
sentence beginning “Among the PPP-based studies . . .” at the foot of p 418 in our second paper in E&E. These
do not include GEP.

28. The fact that the GDP(PPP) series in the GEP scenarios are not genuine GDP series was recognised by
two of Professor Nakicenovic’s colleagues at IIASA (Leo Schrattenholzer and Yoshiyuke Fujie) in
Schrattenholzer et al, “A longer-term outlook on future energy systems”, 2000, in International Journal of
Global Energy Issues, volume 14, nos 1–4: 348V. In this paper, Schrattenholzer et al attempted a comparison
between average annual changes in the global energy intensity of GDP in the IIASA-WEC A2 scenario in
Nakicenovic et al, 1998, op cit with those in the POLES scenario. After noting that there are significant
diVerences in the profile of changes in the global energy intensity between the two scenarios, Schrattenholzer
et al make the following comment:

Note, however, that the comparison is made using the units with which GDP is measured in the two
models. IIASA-WEC uses the more conventional market exchange rates to convert GDP from
diVerent currencies into US dollars. In contrast POLES uses the concept of purchasing power parity
(PPP) for the same purpose. Using POLES GDP growth rates per world region on base-year GDP
values expressed in the conventional (market exchange rate) way, gives diVerent values of primary
energy intensities and its changes (p 356).

29. If Schrattenholzer et al had believed that the MESSAGE PPP projections were genuine GDP numbers,
there is no reason why they could not have compared them directly with the POLES projections which, as they
note, are expressed in PPP. Instead, these experts were obliged to convert the POLES projections into a
spurious GDP(MER) series, in order to compare apples with apples. It is unfortunate that the sound
GDP(PPP) projections reported in World Energy Council, 1993, Energy for Tomorrow’s World were replaced
by two unsound sets of projections (MER and the so-called PPP-based numbers in the MESSAGE scenarios)
after the IIASA-WEC partnership was formed in 1993.

1 March 2005

Memorandum by CSERGE, (the Centre for Social and Economic Research on the Global Environment),
University of East Anglia, Norwich.

Q. When are damages likely to occur and how satisfactory is the economic approach to dealing with costs and benefits
that are distant in time?

Cost-Benefit Analysis provides a framework to help maximise the net benefits and eYciency of a scheme to
determine whether a policy, project or action is economically eYcient. As a rule, a project is eYcient if total
benefits exceed total costs. Recent government guidance has placed greater emphasis on the valuation of the
benefits, especially long-term and non-market benefits; within the appraisal process rather than focusing on
just the costs (HM Treasury, 2003). CBA can provide a very useful, transparent and reliable input into the
decision-making system, making explicit the costs and benefits of a decision, provided that it is carried out
fully and impartially.

As benefits and costs are incurred across the life time of a project and to enable valid comparisons a ‘discount
rate’ is applied. Debate exists over the choice of discount rate, with higher discount rates placing very little
weight on the impacts occurring in later years during the decision making process, while low discount rates
will encourage investments in all projects, not just non-environmentally beneficial projects; resulting in a rapid
depletion of resources. Current government guidance recommends the use of a declining discount rate in
appraisals where diVerent discount rates are applied to diVerent time periods over an indefinite time period
(HM Treasury, 2003). The use of a declining discount rate is supported by empirical observations of how
people actually discount the future, the uncertainty in the future state of the economy in terms of future
consumption levels in addition to reducing the unfair burden of social cost placed on future generations
through the use of a constant discount rate (OXERA, 2002)

Any adaptations to climate change will incur costs in the present while the benefits are most likely to occur in
the future. A good example of the use of the cost-benefit analysis approach to inform decision/policy makers
adapting to climate change is determining the future flood and coastal defences of the Humber catchment.
Faced with rising sea-levels and increasing storminess resulting from climate change, the favoured policy
option is to realign the existing defences landward, creating intertidal habitat which acts as a natural form of
sea defence, absorbing the energy of the waves and water. Thus, managed realignment schemes generally aim
to realign defences in a manner that will not only reduce the length of defence required, but will also increase
the overall area of intertidal habitat. Furthermore, in addition to contributing to acting as a natural sea
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defence, amenity benefit is derived from these intertidal habitats; and impacts on local and regional water
quality through trapping sediment, nutrients, carbon, and other contaminants.

In undertaking a cost-benefit analysis of the flood defences in the Humber Estuary, all the costs and benefits
involved were assessed, however only the benefits from amenity (taken as a composite value for a range of
environmental services) and carbon storage were valued. This conservative valuation approach was
undertaken to avoid possible double counting as the nutrient retention function is integral to the maintenance
of water quality and biodiversity in the intertidal habitat and therefore to overall amenity, and to combine
these values would overestimate the feasible benefits to be derived from the ecosystem. Therefore this
assessment probably represents an underestimate of the total economic value of the managed realignment
schemes. The cost-benefit equation used in appraising managed realignment of flood defences in the Humber
is detailed below.
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Ct
mr = Present value of total cost of managed realignment at time t (£ million).

 
r  = Discount rate. 
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 = Length of the managed realigned defences (km). 
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,  = Capital cost of realignment at time t (£/km). 

Cm t
mr

, = Maintenance cost of realignment at time t (£/km/yr).

amr  = Area of intertidal habitat created by realignment (ha). 
 

L agr t
agr

, = Forgone agricultural land value if realignment takes place (£/ha). 
 
Be t, = Environmental value gain associated with realignment e.g. habitat services, 

functions and products (£/ha). 

As with many adaptation strategies, the initial capital costs involved in these realignment projects are
considerable, while the maintenance costs and amenity benefits occur over the life time of the project.
Following the government guidance for flood and coastal defences (DEFRA, 2003), the appraisal period is
taken to be 100 years, reflecting the physical life of the defences, with the use of a declining discount rate.

When compared to the present value of the costs of an equivalent ‘hold-the-line’ traditional defence system
(CSERGE, 2005), the results showed that even with the partial valuation of only the amenity and carbon
storage benefits, managed realignment schemes were more economically eYcient than the policy of holding
the line. Furthermore, the benefits of managed realignment increased as the appraisal time horizon was
increased (25, 50 and 100 year project time-span) and if the managed realignment approach was extended to
encompass more related stretches of coast or estuaries.
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Memorandum by the George C Marshall Institute, Washington DC

1. The George C Marshall Institute, a nonprofit research organization founded in 1984 that is dedicated to
fostering and preserving the integrity of science in the development of public policy, is pleased to have the
opportunity to submit the following evidence to the House of Lords Select Committee on Economic AVairs
inquiry into aspects of the economics of climate change. We will address the role that science and economics
can play in answering the questions in the Call for Evidence.

How are Current Estimates of the Scale of Climate Change Damage Derived?

2. Future climate change will have two components: a natural component and a human-induced component.
While there is no doubt that climate has changed naturally in the past and will continue to change naturally
in the future, both the magnitude and sign of future natural climate change are unknown. Both the IPCC15

and the US National Academy of Sciences16 identify determination of the natural variability of climate as one
of the great remaining challenges for climate science. At this time, it is still not possible to distinguish natural
variability from human influence.

3. Estimates of climate change damages are estimates of the damages projected to be caused by the human-
induced component of climate change. These are based on computer models that have not been validated and
which are driven by hypotheses.

4. While the focus of this inquiry is on the economic assessment of climate change damages, it is important
to remember that moderate climate change provides economic benefits in temperate zone countries, such as
the UK.17 A complete economic analysis should evaluate the degree to which these benefits oVset any damages.

5. The most sophisticated projections of the potential damages from human-induced climate change are
developed using the following process18:

(a) One or more scenarios for future human emissions of greenhouse gases (GHGs) and aerosols, and
for human-induced land-use change, are selected as input to a global climate model.

(b) The global climate model is run to project a future global climate.

(c) The results from the global climate model are downscaled to project a future regional climate.

(d) Projections of regional climate are used as input to impacts models, eg models that project the eVect
of climate on water availability in a watershed.

(e) The results of the various impact model studies are summed and monetary values assigned to develop
an overall damage assessment. Alternatively, damages may be stated in non-monetary terms,
number of farmers experiencing drought, or numbers of additional cases of disease.

This process will generate a damage estimate, but it is a highly uncertain estimate due to the reservations in
each step of the calculation.

6. While the focus of this inquiry is on the uncertainty in economic projections, it is also important to realize
that the climate models used in as input for these economic projections have many shortcomings. The IPCC19

list of shortcoming includes:

— Discrepancies between the vertical profile of temperature change in the troposphere seen in
observations and models.

— Large uncertainties in estimates of internal climate variability (also referred to as natural climate
variability) from models and observations.

— Considerable uncertainty in the reconstructions of solar and volcanic forcing which are based on
limited observational data for all but the last two decades.

15 Houghton, J T, et al, (2001):Climate Change 2001: The Scientific Basis. Contribution ofWorkingGroup I to the Third Assessment Report
of the Intergovernmental Panel on Climate Change. Cambridge University Press, p 698.

16 NAS (2001): Climate Change Science: An Analysis of Some Key Questions. 24 pp.
17 McCarthy, J J, et al, (2001):Climate Change 2001: Impacts, Adaptation and Vulnerability. Contribution ofWorking Group II to the Third
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, p 6.

18 Lu, X, (2004): The methods for impact study on climate change in China. Presented at UNFCCC SB-20, Bonn, Germany, 18 June
2004. http://unfccc.int/meetings/wprkshops/other meetings/items/2950.php

19 Houghton, J T, et al, (2001): op cit, pp 59–61.
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— Large uncertainties in anthropogenic forcings associated with the eVects of aerosols.

— Large diVerences in the response of diVerent models to the same forcing.

Other lists typically add uncertainties about the role of clouds and ocean currents in the climate system, the
inability to model El Niño and other observed cyclic phenomena in the climate system, and uncertainty about
the sensitivity of the climate system to changes in GHG concentrations to IPCC’s list.

How far do the Estimates of Damage Depend on Assumptions about Future Economic Growth, and

how Valid are those Growth Assumptions?

7. Projections of both the magnitude and composition of future economic growth are critical to the
development of damage estimates. The first step in the projection of damages is to pick one or more scenarios
for future GHG and aerosol emissions, and for land-use change. These scenarios are based on models of
economic growth and, as the IPCC Special Report on Emission Scenarios (SRES)20 exhaustively detailed, can
diverge dramatically. In SRES the IPCC described 40 scenarios projecting conditions in 2100. In these
scenarios, cumulative CO2 emissions between 1990 and 2100, the most important factor determining the
human contribution to future atmospheric levels of GHGs, varied by a factor of more than three. Sulfur
emissions in 2100, the most important factor determining the human contribution to future aerosol levels,
varied by a factor of nearly eight. Overall, IPCC concluded that diVerences between SRES scenarios were as
large a contributor to the uncertainty in projection of future climate as the diVerences between climate models.
The use of projections in this manner requires the use of assumptions that are otherwise unknowable.

8. Economic growth will change the nature and cost of projected damages. Most projections of future climate
change include projections of increases in extreme weather events, eg tropical storms. While these projections
are even less certain than the projections of changes in mean climate21, they are potentially the most costly
impacts of future climate change. Extreme weather events tend to cause large economic losses but small loss
of life in rich countries. The opposite is true in poor countries; economic damages may be small in monetary
terms, but loss of life is typically much higher. A future consideration is the role of adaptation in determining
future economic damages. While adaptation cannot eliminate climate change damages, it can greatly reduce
the monetary damage and loss of life they cause. Rich countries have more ability to adapt to future climate
change than do poor countries.

9. Almost all recent studies of climate change damages rely on the SRES scenarios. These scenarios are base
case scenarios, ie, they assume that no overt actions will be taken to reduce the human contribution to climate
change. This is an obvious shortcoming, since nations of the world are taking action today to reduce GHG
emissions and can be expected to take significantly more action as the 21st century proceeds. However, this is
not the only problem with the SRES scenarios. The most dramatic estimates of climate change damages result
from the SRES scenarios with the highest GHG emissions in 2100. These high emission scenarios have been
broadly criticized as unrealistic.22 IPCC has decided to retain the SRES scenarios for its Fourth Assessment
Report (AR4), scheduled for publication in 2007, but has begun a process to develop new scenarios for its
Fifth Assessment Report, which will not be published until 2012 or later. This decision means that most of the
information on climate change damages in AR4 will be based on suspect economic scenarios.

10. Human emissions of GHGs and aerosols over the next century will depend on rates of population and
economic growth, and technological change. These rates are unknowable that far in the future, but some
aspects of the future are certain. These include:

— For the next several decades the world will depend on fossil fuels for 80 per cent or more of its
primary energy.

— Until productivity growth rates and innovation of non-carbon technology overtake economic
growth, CO2 emissions will continue to grow.

— Developing countries will place a higher priority on economic growth than on control of CO2

emissions until they have reached an economic level comparable to the richer countries of the world.

— Over the long-run, economic growth and advances in technology are associated with fairly
continuous reduction in energy intensity. A steady de-carbonization trend has been documented as
far back as the 1860s.23

20 Nakicenovic, N, et al (2000): Special Report on Emissions Scenarios. Cambridge University Press, 599 pp
21 Houghton, J T, et al, (2001): op cit, pg 15.
22 See, for example: Ausubel, J (2002): Does Energy Policy Matter? George C Marshall Institute. (http://www.marshall.org/

article.php?id%7), and copies correspondence from I Castles and D Henderson to the Chair of IPCC and their presentations at IPCC
technical meetings, available at www.lavoisier.co.au/papers/articles/IPCC issues.html

23 Ausubel, op cit.
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The scenario approach used by IPCC is the only manageable way to address the uncertainties in economic
projections. However, the scenarios have to be realistic. At present, there are no generally accepted economic
scenarios for the 21st century that include potential policy actions to reduce GHG emissions.

How does Uncertainty about the Scale of the Problem and its Impacts Affect the Economics of

Climate Change?

11. Due to uncertainties in projections of climate change and on the cost of climate change damages, there
are no reliable cost-benefit analyses for climate change. The current state of understanding can be summarized
by two statements from the Summary for Policymakers of the Synthesis Report of the IPCC’s Third
Assessment Report: “Comprehensive, quantitative estimates of the benefits of stabilization at various levels
of atmospheric concentrations of greenhouse gases do not yet exist”24 and “For a variety of reasons, significant
diVerences and uncertainties surround specific quantitative estimates of mitigation costs.”25 A variety of
justifications are provided for current and proposed climate change policies, but rigorous economic analysis
is not one of them.

What has been the Approach Within the IPCC to the Economic Aspects of Climate Change and how

Satisfactory has it Been?

12. In general, the IPCC does not conduct research. It assesses the available literature, and by identifying gaps
in knowledge, encourages research. This process was somewhat modified in the development of the SRES
scenarios, where representatives of economic modeling teams met and decided on a general format for the
development of the SRES scenario. Each team then went oV to develop its own scenarios based on the general
agreement. While this process provided more coherence than depending on whatever appeared in the
literature, the scenario set is neither internally consistent nor transparent. These are serious shortcoming for
economic impact analysis.

Is there Sufficient Collaboration Between Scientific and Economic Research?

13. No. The economists in the IPCC process are in either WG II or WG III. The climate scientists are in WG
I. Participants in the diVerent Working Groups learn of each others work largely by reading reports. There are
few opportunities in the IPCC process for interactions between the three WGs. But there is also a fundamental
problem in the way the IPCC generates assessment reports. Ideally, IPCC should work on a cyclic basis. WG
I should assess the state of scientific knowledge. Based on WG I’s assessment, WG II should assess impacts
and vulnerability, and opportunities for adaptation. Finally, based on WG II’s assessment, WG III should
consider need and opportunities for mitigation. Instead, all three WGs work in parallel. As a result WG II
considers science from the last IPCC Assessment, not the current one, and WG III looks only at opportunities
for mitigation.

Could IPCC Member Governments, and the UK in Particular, do more in the Future to Contribute

to the Robustness of the Economic Analysis?

14. Yes. Governments can and should sponsor economic research aimed at improving the tools available for
evaluating climate change damages. While it is often forgotten, the IPCC is the Intergovernmental Panel on
Climate Change. It is governments that set priorities for the IPCC and ultimately approve or accept its
findings. Among the priorities that governments should set for the IPCC are:

— Better linkages between the three working groups to ensure that economic research is informed by
the latest scientific findings. This could include reorganizing the way IPCC schedules the preparation
of its assessment reports to overcome the diYculties described in paragraph 12.

— Better design of the next scenario development eVort to ensure a more complete and transparent set
of scenarios for future evaluation of climate change.

— Greater interaction with and formal involvement of the economic and statistical analysis oYces of
participating governments in the scenario development and impact assessment processes.

Setting these types of priorities stays well within IPCC’s charge to be policy-relevant, but not policy-
prescriptive.

24 Watson, R T (ed), (2001): Climate Change 2001: Synthesis Report. Cambridge University Press. Pg 22.
25 Ibid, Pg 24.
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What would be the Relative costs and benefits of using Resources, Otherwise Expected to be

Allocated to Climate Change Control, Instead to Expand International Development Assistance?

15. Developing countries are quickly becoming the dominant source of emissions. Aiding their economic
development through the introduction of new technologies addresses the environmental concerns most cost
eVectively as well as enabling a rising standard of living. Much larger improvements in the quality of life of
poor people in developing countries could be achieved by investing in poverty-alleviation projects than by
investing in greenhouse gas mitigation. For example, the recently released report: Investing in Development:
A Practical Plan to Achieve the Millennium Development Goals26 concluded that a program to cut extreme
poverty in half and radically improve the lives of at least one billion people in poor developing countries by
2015 would require disbursement of $138 billion in development aid in 2006, an increase over existing
commitments of $48 billion, rising to $195 billion in 2015. This is still less than the global target for
development aid—0.7 per cent of GDP—pledged by developed nation at the 2002 Monterrey Conference. By
comparison, recent economic studies indicate that it would cost the U.S. about $130 billion in GDP loss in
2010 to meet its Kyoto Protocol target provided there was full Annex I trading.27 It is widely recognized that
meeting the targets in the Kyoto Protocol will have only a miniscule eVect on the buildup of GHGs in the
atmosphere and the potential for human-induced climate change.

When are Damages likely to occur and how Satisfactory is the Economic Approach to Dealing

with Costs and Benefits that are Distant in Time?

16. No one can predict when damages might occur or how sever they might be. Most damage projections are
based on assuming climate change near or at the upper end of the IPCC’s projections for 2100. These
projections are unrealistic for three reasons:

— They are based on scenarios that assume that no action is taken to control GHG emissions to 2100,
when such action is already being taken.

— They assume unrealistically high growth rates in GHG emissions, CO2 emissions in 2100 that are five
time current CO2 emissions.

— They assume that the climate system shows a high sensitivity to increases in GHG concentrations.
Reports from a recent IPCC workshop indicate that while there is still a great deal of uncertainty,
climate modelers now believe that the climate system is less responsive to GHGs than previous high
end estimates.28

What other Associated Benefits might there be from Reducing Greenhouse Gas Emissions?

17. Many of the steps that can be taken to reduce greenhouse gas emissions can be economically beneficial.
The aluminum industry has dramatically reduced perfluorocarbon emissions by careful control of operating
conditions, and in the process lowered its overall operating costs. Recovery of landfill methane can be
economically attractive while reducing GHG emissions. Economically justified energy conservation saves
resources and lowers costs. Similarly, many of the new technologies under development to provide lower GHG
emissions have the potential to increase energy security while lowering costs and local environmental impacts.
However, these benefits will be achieved only if the choice of technology is made in a free market and those
choices are cost-competitive. Attempting to dictate which technology is used will lead ineYciency, higher
costs, and fewer co-benefits.

28 February 2005

26 12 Sach, J D, et al (2005): Investing in development: A practical plan to achieve the UN millennium development goals.
http://unmp.forumone.com

27 Canes, M (2003): Unraveling the Puzzle: DiVering economic estimates of climate policy. www.marshall.org/materials/192.pdf
28 Kerr, R A (2004): Three degrees of consensus. Science, 305:932-934.
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Memorandum by Dr Indur M Goklany

Summary

Dependence of damage estimates upon assumptions of economic growth and technological development

— Greater economic growth could, by increasing emissions, lead to greater damages from climate
change. On the other hand, by increasing wealth, and advancing technological development and
human capital, economic growth would also increase a society’s adaptive capacity and reduce those
damages. But although analyses of the impacts (or damages) of climate change generally incorporate
economic growth into the emissions and climate change scenarios that they use as inputs, these
analyses do not adequately account for the increase in adaptive capacity resulting from that very
growth. Because of this inconsistency, these analyses generally tend to overstate impacts.

— For instance, the average GDP per capita for developing countries in 2100 is projected to be $11,000
(in 1990 US$, at market exchange rates) under A2, the slowest economic growth scenario, and
$66,500 under A1, the scenario with both the greatest economic growth and largest climate change.
By comparison, in 1990 the GDP per capita for Greece, for example, was $8,300 while Switzerland,
the country with the highest income level at that time, had a GDP per capita of $34,000. Based on
historical experience, one should expect that at the high levels of GDP per capita projected by the
IPCC scenarios in 2100, wealth-driven increases in adaptive capacity alone should virtually eliminate
damages from many climate-sensitive hazards, eg, malaria and hunger, whether or not these
damages are caused by climate change.

— Current damage estimates are inflated further because they usually do not adequately account for
secular (time-dependent) improvements in technology that, if history is any guide, ought to occur in
the future unrelated to economic development.

— A compelling argument for reducing greenhouse gases is that would help developing countries cope
with climate change. They need this help because, it is asserted, their adaptive capacity is weak.
Although often true today, this assertion becomes increasingly invalid in the future if developing
countries become wealthier and more technologically advanced, per the IPCC’s scenarios. Damage
assessments frequently overlook this.

Are scenario storylines internally consistent in light of historical experience?

— Regardless of whether the economic growth assumptions used in the IPCC scenarios are justified,
their specifications regarding the relationship between wealth and technological ability are, in
general, inconsistent with the lessons of economic history. They assume that the less wealthy societies
depicted by the B1 and B2 scenarios would have greater environmental protection and employ
cleaner and more eYcient technologies than the wealthier society characterized by the A1F1
scenario. This contradicts general experience in the real world, where richer countries usually have
cleaner technologies.

— Under the IPCC scenarios, the richer A1 world has the same population as the poorer B1 world, but
total fertility rates—a key determinant of population growth rates—are, by and large, lower for
richer nations and, over time, have dropped for any given level of GDP per capita (Goklany 2001a).

Merits of reallocating expenditures from mitigation to international development

— Halting climate change at its 1990 level would annually cost substantially more than the $165 billion
estimated for the minimally-eVective Kyoto Protocol. According to DEFRA-sponsored studies, in
2085, which is at the limit of the foreseeable future, such a halt would reduce the total global
population at risk (PAR) due to both climate change and non-climate-change-related causes by
3 per cent for malaria, 21 per cent for hunger, and 86 per cent for coastal flooding, although the total
PAR for water shortage might well increase.

— The benefits associated with halting climate change—and more—can be obtained more
economically through “focused adaptation”, ie, activities focused on reducing vulnerabilities to the
above noted climate-sensitive hazards, or through broadly advancing sustainable development in
developing countries by meeting the Millennium Development Goals (MDGs) by 2015. In fact, such
eVorts, which together could annually cost donor countries $150 billion according to UN
Millennium Project and World Health Organization studies, should reduce global malaria, hunger,
poverty, and lack of access to safe water and sanitation by 50 per cent (each); reduce child and
maternal mortality by at least 66 per cent; provide universal primary education; and reverse growth
in AIDS/HIV, and other major diseases.
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— These numbers also indicate that no matter how important climate change might be in this century,
for the next several decades it would be far more beneficial for human well-being, especially in
developing countries, to deal with non-climate change related factors.

— Not only would either focused adaptation or adherence to the MDGs provide greater benefits at
lesser costs through the foreseeable future than would any emission reduction scheme, they would
help solve today’s urgent problems sooner and more certainly. Equally important, they would also
increase the ability to deal with tomorrow’s problems, whether they are caused by climate change or
other factors. None of these claims can be reasonably made on behalf of any mitigation scheme
today.

— Accordingly, over the next few decades the focus of climate policy should be to: (a) broadly advance
sustainable development, particularly in developing countries since that would generally enhance
their adaptive capacity to cope with the many urgent problems they currently face, including many
that are climate-sensitive, (b) specifically reduce vulnerabilities to climate-sensitive problems that are
urgent today and might be exacerbated by future climate change, and (c) implement “no-regret”
emission reduction measures, while (d) concurrently striving to expand the universe of no-regret
options through research and development to increase the variety and cost-eVectiveness of available
mitigation options.

Ancillary benefits associated with greenhouse gas (GHG) reductions

Some GHG emission control options might provide substantial co-benefits by concurrently reducing
problems not directly caused by climate change (eg air pollution or lack of sustained economic growth,
especially in developing countries). However, in both these instances, the same, or greater, level of co-benefits
can be obtained more economically by directly attacking the specific (non-climate change related) problems
rather than indirectly through greenhouse gas control. For example, a direct assault on the numerous climate-
sensitive hurdles to sustainable development (eg hunger, malaria, and many natural disasters) would, as
indicated, provide greater benefits more cost-eVectively than would eVorts to mitigate climate change.

1. Introduction. I am an energy and environmental policy analyst with over 30 years experience in the United
States working for state and federal governments, think tanks, consulting enterprises, and the private sector.
I have participated in the IPCC’s activities and deliberations oV and on since its founding in 1988 to the
present. I was the rapporteur for the Resource Use and Management Subgroup of IPCC’s Work Group III
for the First Assessment Report, and helped develop the program leading to the Second Assessment Report.

2. I have written extensively on climate change, adaptation, biodiversity, sustainable development, human
well-being, technological change, bioengineered crops, and the precautionary principle. Attachment A
provides a selected list of relevant publications. I also have a PhD in Electrical Engineering from Michigan
State University.

3. I am currently Assistant Director, Science and Technology Policy, OYce of Policy Analysis, at the US
Department of the Interior, which manages 20 per cent of US surface area, all its Outer Continental Shelf, and
their biological, water and mineral resources. This evidence, however, is submitted in an individual capacity.
I do not represent any agency, group or institution.

4. I am grateful for the opportunity to submit evidence to the Select Committee.

5. Scope of Evidence. My evidence is limited to the following issues: (a) Dependence of estimates of climate
change damages on assumptions about future economic growth and technology development. (b) Whether
the basic specifications for the IPCC’s scenarios, ie their “storylines”, regarding economic growth and
technological development are internally consistent in light of historical experience. (c) The relative costs and
benefits of allocating resources to climate change control rather than to greater international development
assistance. (d) What other associated benefits might there be from reducing greenhouse gas emissions?

6. My evidence draws upon a set of impacts analyses funded by DEFRA (and its predecessor, DETR). These
studies (Parry and Livermore 1999, Parry et al 2001, Arnell et al 2002) apparently form the basis of claims by
several advocates of stronger greenhouse gas (GHG) controls, eg Sir David King (2004), that, unless curbed,
climate change would place additional millions at risk of diseases such as malaria, hunger, water shortage and
coastal flooding. I will also touch on recent updates to these studies (Parry 2004). Along with the authors of
these studies, I will: (a) assume—optimistically, I believe—that socio-economic scenarios are not credible
beyond 2085 and, therefore, 2085 is at the limit of the foreseeable future, and (b) restrict myself to the impacts
of “gradual”, as opposed to abrupt, climate change.

7. For brevity’s sake, my evidence concentrates on damage estimates for the four above-mentioned climate-
sensitive hazards to human health and safety, namely, malaria, hunger, water shortage and coastal flooding.
However, analyses of the impacts of climate change on “natural” systems—to the extent that natural systems
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still exist anywhere—are provided in two papers that I am submitting to supplement my comments. The first,
“Relative Contributions of Global Warming to Various Climate Sensitive Risks, and Their Implications for
Adaptation and Mitigation”, was published in Energy & Environment in 2003. The second, “Reducing
Climate-Sensitive Risks in the Medium Term: Stabilisation or Adaptation?” is an extended abstract of a poster
presented at the UK-government sponsored Symposium on Avoiding Dangerous Climate Change, in Exeter,
February 1 to 3, 2005. These papers are identified in the following as Goklany (2003) and Goklany (2005a),
respectively.

8. Dependence of damage estimates on future assumptions of economic growth and technological development.
Greater economic growth leads to greater emissions and, therefore, increased impacts from climate change.
But it also leads to greater wealth, which allows societies to better aVord the development and use of new and
improved technologies to combat adversity in general, and climate change (and its impacts), in particular.
Cross country studies also show that greater levels of economic development (measured as per capita income
or GDP per capita) are associated with higher agricultural yields, lower hunger and malnutrition, better
health, higher levels of education, and increased resources for research and development—all factors that
directly or indirectly increase human capital and technological prowess (Goklany 2001a, 2002). Thus,
economic development spurs technological change and human capital. In turn, technological change and
human capital reinforce economic growth. Hence, wealthier societies have greateŗ adaptive capacity̧ and
resilience.

9. Adaptive capacity is a key determinant of impacts, or damages, due to climate change. This is because the
greater a society’s adaptive capacity, the greater its ability to: (a) forestall or reduce some impacts through a
combination of “spontaneous” (or “autonomous”) adaptations and proactive adaptations, and (b) cope with
any residual impacts through reactive adaptations.

10. Although the DEFRA-sponsored impacts analyses use climate (and emissions) scenarios that are driven
in large part by assumptions regarding economic growth, they fail to adequately account for increases in
adaptive capacity due to that very growth. Because of this inconsistency, these studies generally overstate
impacts.

11. Cross country analyses also show that for any given level of economic development, various indicators of
human development—agricultural yields, food supplies per capita, malnutrition, infant mortality, life
expectancy, access to safe water and sanitation, educational levels—improve with time (Goklany 2001a, 2002).
That is, for each of these indicators there is a secular (time-dependant) rate of technological progress unrelated
to economic development, which also increases a society’s capacity to cope with adversity. But this increase
in future adaptive capacity is either ignored or inadequately addressed in current impact estimates, further
reinforcing the tendency to overestimate the future impacts of climate change.

12. Consider, for example, estimates of the impacts of climate change on malaria (Arnell et al 2002, Lieshout
et al 2004), which is both a problem in its own right and a good surrogate for other climate-sensitive diseases.
These studies provide damage estimates in terms of the future global population at risk (PAR), implicitly
assuming that incidences and deaths due to malaria would be proportional to PAR. But these studies estimate
changes in PAR on the basis of changes in climatic factors and population. They assume no change in adaptive
capacity of these populations in the future, ie they ignore the improvements in prevention and cure of malaria
that should occur over the next several decades29, and the fact that, with economic growth, societies should
be better able to combat all climate-sensitive diseases, including malaria. But with current technology, malaria
is functionally eliminated in societies with annual per capita income of $3,100 (Tol and Dowlatabadi 2001)
and, since incomes are expected to grow under every SRES scenario, few, if any, countries will be below this
$3,100 threshold by the end of this century. In fact, according to the A2 scenario—the scenario with the lowest
economic growth—the average income in developing countries will be $11,000 in 2100 (in 1990 US$, at market
exchange rates or MXR; Arnell et al 2004), while under the A1 scenario—the scenario with both the greatest
economic growth and climate change—their average income would be $66,500, which is greater than any
individual country’s heretofore. Thus, even ignoring secular trends in technological ability, malaria should be
restricted to a much smaller area, if not totally eliminated. Clearly, the DEFRA-funded studies overestimate
the impacts of climate change on malaria in a richer and more technologically advanced world.

13. By contrast, the recent analysis of hunger (Parry et al 2004) does a better job of including changes in
adaptive capacity. It allows for some increases in agricultural productivity over time, fertilizer-driven increases
in crop yield with economic growth (but not necessarily yield increases due to other underused technologies

29 It is, however, possible that despite increased technological prowess and economic development, these diseases could extract a greater
toll in the future because of maladaptation. Perhaps the best example of maladaptation is the suspension of indoor residual spraying
with DDT to control malaria in many developing countries, which then contributed to the disease’s resurgence. When such spraying
was reinitiated, eg in South Africa, malaria once again declined (Goklany 2001b, Tren and Bate 2004). This maladaptation attests to
the importance of being open to technology to help cope with adversity, the perils of over-precaution, and the need for risk-risk analysis
to identify the lesser of two evils (Goklany 2001b).
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that might become more aVordable at higher incomes), decreases in hunger due to economic growth, and for
some adaptive responses at the farm level to boost agricultural productivity. However, as this study itself
acknowledges, these adaptive responses are based on currently available technologies, not on technologies
that would be available in the future or any technologies developed to specifically cope with the negative
impacts of climate change (Parry et al 2004, p 57). The potential for future technologies to cope with climate
change is large, especially if one considers bioengineered crops (Goklany 2001b, 2003).

14. With respect to water shortage, the DEFRA-sponsored studies indicate that climate change might, in fact,
reduce the overall population under water stress (defined as people living in areas where available water is less
than 1,000 m3 per capita per year) (Arnell 1999, 2004). However, summaries of these studies which have
advanced the notion that additional millions are at risk of climate change (Parry et al 2001, Arnell et al 2002)
report the increase in PAR without subtracting out the population for whom the risk would be reduced
(Goklany 2003).

15. Recent analysis of the impacts of climate change on coastal flooding (Nicholls 2004) has, so far, done the
best job in incorporating improvements in adaptive capacity due to increasing wealth. In particular, it assumes
that the level of protection against coastal flooding would rise step-wise as a function of a country’s GDP per
capita. But, arguably, the relationship should be more linear (or there should be more and shorter steps from
the lowest protection level to the highest). More important, this study makes no adjustments for a country’s
expenditures on coastal protection as the size of its coastal population increases relative to its total population.
It would be more reasonable to assume that would lead to greater expenditures for coastal protection on a
per-GDP basis (through a push-and-pull eVect).

16. Nicholls (2004) coastal flooding study inadvertently points to the possibility that specifications for various
IPCC (SRES) scenarios are internally inconsistent in light of historical experience regarding the relationship
between wealth, technological capabilities, and environmental protection. Consider that the “storyline” for
the A1 scenario is that it reflects a world with increased globalization, materialism, less regard for the
environment, and rapid technological change (but, apparently, not with regard to environmental
technologies), while the B2 storyline reflects a more heterogeneous world, greater priority for the environment,
and clean and eYcient technologies. Economic growth is assumed to be faster, and substantially greater, under
A1 than B2. Consequently, in 2100, absolute GDP is projected to be 2.2 times larger under A1 than under B2,
while GDP per capita is projected to be twice as large for industrialized countries and 3.7 times as large for
developing countries. Nevertheless, Nicholls (2004) assumes that adaptive responses would be quicker, and
subsidence protection greater, under B2 than A1. Although this assumption conforms with the SRES’s
manufactured storylines, it is contrary to real world experience which indicates that richer countries generally
respond quicker to environmental problems, spend more, and have greater environmental protection, than
poorer ones, especially at the high levels of development that are projected to exist virtually everywhere later
this century under the IPCC’s scenarios (Goklany 2002). Hence, one should expect that the richer (A1) world
would spend more on subsidence protection, and be better protected, than would the B2 world. Moreover, if
greater concern for the environment is expressed as a larger fraction of GDP spent on the environment then,
despite spending a smaller fraction under A1, that could still provide greater protection than what might be
obtained under B2, given the wide gaps in GDPs (and GDPs per capita) between A1 and B2.

17. Under the IPCC scenarios, the richer A1 world has the same population as the poorer B1 world, but total
fertility rates—a key determinant of population growth rates—are, by and large, lower for richer nations and,
over time, have dropped for any given level of GDP per capita (Goklany 2001a).

18. Nicholls’ (2004) damage estimates from coastal flooding show lower damages in the B1 world than the
A1F1 world. But for the reasons outlined in paragraphs 16 and 17, this could be an artifact of the assumptions
rather than a general rule that the former is necessarily a more superior world to A1F1.

19. One of the most compelling arguments advanced for reducing greenhouse gas emissions is that mitigation
would help developing countries because, it is asserted, they lack the requisite economic resources and human
capital to cope with the impacts of climate change. Although many developing countries indeed lack adequate
adaptive capacity today, this assertion becomes increasingly suspect if they become wealthier and
technologically more developed, per the IPCC’s scenarios, especially if there is no undue aversion to new or
improved technologies (see footnote 1). [As noted in paragraph 12, the average GDP per capita for developing
countries is projected to be between $11,000 (under A2) and $66,500 (under A1) in 2100.]

20. Costs and benefits of using resources for international development rather than emission control. The studies
cited by King (2004) to bolster the claim that climate change could indeed place additional millions at risk also
show that, for the most part, many more millions would be at risk in the absence of climate change (Goklany
2003, 2005a; Goklany and King 2004).
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21. For instance, Arnell et al (2002) estimate that, without any additional climate change, the global
population at risk of malaria (PAR-M) would be 8,820 million in 2085. By contrast, unmitigated climate
change would increase PAR-M by another 300 million in 2085.

22. Hence, halting climate change at its 1990 levels would reduce total PAR-M in 2085 by 3% [% (100 x 300)/
(300!8,820)], at a cost of trillions of dollars (IPCC 2001).

23. Table 1, which despite the many reservations noted above, is based on the results of DEFRA-sponsored
studies. It provides estimates of the percent reduction in total global populations at risk (PAR) in the year 2085
for malaria, hunger, water shortage and coastal flooding under four mitigation scenarios, namely, the Kyoto
Protocol (KP), stabilization of greenhouse gas concentrations at 750 ppm in 2250, stabilization at 550 ppm in
2150, and “no climate change”.

Table 1

PER CENT REDUCTION IN THE TOTAL GLOBAL POPULATION AT RISK (PAR) IN 2085
UNDER VARIOUS MITIGATION SCENARIOS

% Reduction in total PAR in 2085
Assuming Assuming

Climate-Sensitive due to the Kyoto stabilization at stabilization at if there is no
Hazard Protocol (KP) 750 ppmv 550 ppmv climate change

Malaria 0.2% 1.3% 0.4% 3.2%
Hunger 1.5% 16.6% 9.7% 21.1%
Water shortage H

Method A "4.1% to 0.8% "58.6% to 11.8%
Method B 2.4% 4.0% 26.3% 34.1%
Coastal flooding 18.1% 62.8% 80.1% 86.2%

*Total PAR % (PAR without climate change) ! (PAR due to climate change). H A negative sign indicates
that emission reductions will increase PAR. Method A calculates the net change in the global population
under greater water stress using Arnell (1999); Method B provides an estimate of only the population
experiencing greater stress (Arnell et al, 2002).
Source: Goklany (2005a), based on Arnell (1999) and Arnell et al (2002), with revisions.

24. This table assumes, charitably, that in 2085 the Kyoto Protocol would reduce climate change by 7 per cent,
which would reduce the impacts of climate change on malaria, hunger and water shortage by a like amount,
and the impacts of coastal flooding by thrice that (Goklany 2003).

25. The Protocol, whose annual cost is estimated at about 0.5 per cent of the GDP of Annex I nations in 2010
(equivalent to about $165 billion in 2003 US$, MXR; Goklany 2005b), would by 2085 reduce total PAR by
0.2 per cent for malaria, 1.5 per cent for hunger, and 18.1 per cent for coastal flooding (see Table 1). On the
other hand, there is no certainty that the Protocol would not increase total PAR for water shortage.

26. But these benefits—and much more—could be obtained by focusing on reducing vulnerabilities to these
climate-sensitive hazards today, and at substantially lesser cost:

— Malaria’s current global death toll of 1 million/yr can be halved for less than $1.5 billion/year by
improving treatment and prevention of the disease (WHO 1999).

— A $5 billion annual increase in agricultural R&D should suYciently raise productivity of agricultural
land and water to more than erase any climate-change-caused deficit in agricultural production in
2085, especially if these additional R&D resources are focused on solving developing countries’
agricultural problems that might be further exacerbated by warming (Goklany 2005a, 2003).

— Coastal protection against a sea level rise of 0.5 meters by 2100 can be eVected at an annual cost of
$1 billion (IPCC 1996). Notably, the DEFRA-sponsored studies on which Table 1 is based project
that global sea level will rise by 0.41 meters by 2085.

27. Such measures, referred to as “focused adaptation” because they focus on reducing damages from specific
climate-sensitive hazards, will not only help reduce present-day climate-sensitive problems, they will also help
reduce these problems in the future, whether they are caused by climate change or another factor. On the other
hand, mitigation would mainly reduce damages only caused by climate change (although they may be
accompanied by some “co-benefits”, see below).
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28. More important, reducing present-day vulnerabilities will start to provide a steady stream of benefits in
the very near term, while the benefits of mitigation will not be significant until decades have elapsed (because
of the inertia of the climate system).

29. Moreover, as the case of water shortage illustrates (see Table 1), mitigation would indiscriminately reduce
all impacts of climate change, whether they are positive or negative. But adaptation can capture the positive
aspects of climate change, while reducing its negatives.

30. Curiously, Table 1 indicates that in 2085 the PAR for malaria and hunger would be greater under the
550 ppm stabilization pathway than the 750 ppm pathway.

31. Table 1 also indicates that no matter how important climate change might be in this century, through the
foreseeable future other non-climate change related factors ought to be even more critical for human well-
being, particularly for developing countries.

32. Focused adaptation is far more likely to deliver benefits than is mitigation because of the greater
uncertainties related to warming and its impacts.

33. Not least, co-benefits (or ancillary benefits) of focused adaptation, most of which would flow directly or
indirectly from reduced malaria and increased agricultural productivity, include lower hunger, better health,
increased economic growth, and greater human capital (Goklany 2001a, 2002). In addition, increased
agricultural productivity per unit of land and water would reduce the diversion of land and water to
agricultural purposes, thereby, helping address the greatest threats to terrestrial and freshwater biodiversity.
In other words, focused adaptation should enhance sustainable development (Goklany 2005a).

34. Moreover, increased economic development and human capital should further increase the capacity to
adapt to or mitigate climate change (Goklany 1995, 2005a).

35. Thus, even if the cost estimates (in paragraph 26) for reducing present day vulnerabilities are
overoptimistic by an order of magnitude, the set of focused adaptations listed in that paragraph will, through
the foreseeable future, cost less than the Kyoto Protocol while providing greater benefits than would a
complete halt in further climate change—even ignoring discounting.

36. Yet another option for using resources that might otherwise be expended on mitigation would be to
advance sustainable development more broadly. In fact, the Millennium Development Goals (MDGs) were
formulated to achieve just such an end.

37. Such an approach would subsume focused adaptation, and provide the same qualitative advantages.

38. The additional annual cost to the richest countries of attaining the Millennium Development Goals
(MDGs) by 2015 is pegged at about $143 billion (in 2003 US$) in 2010, according to the UN Millennium
Project (2005). That is somewhat below the cost of the barely-eVective Kyoto Protocol, and less than the cost
of stabilization at either 750 or 550 ppm.

39. However, through the foreseeable future, the benefits of meeting the MDGs far outweigh the benefits of
either the deepest mitigation or focused adaptation (see Table 2). They include halving global poverty, hunger,
lack of access to safe water and sanitation; reducing child and maternal mortality by 66 per cent or more;
universal primary education; and reversing growth in malaria, AIDS/HIV, and other major diseases.

Table 2

COMPARING BENEFITS AND COSTS ASSOCIATED WITH MILLENNIUM DEVELOPMENT
GOALS (MDGs), MITIGATION AND FOCUSED ADAPTATION

Dependence of Reduction in Total PARa

risk factor on Due to Kyoto Focused
climate change Protocol Due to a halt in adaptation Due to MDGs

Risk factor (CC) (in 2085) CC (in 2085) (in 2015) (in 2015)

Malariab,c Yes 0.2% 3% 50%f !

Hungerb,c Yes 2% 21% 50%d 50%
Water shortage Yes "4 to !1% "59 to !12% ! Not addressed

explicitly
Coastal floodingc Yes 18% 86% !!g !

Povertyb,c Indirect Unknown sign, Unknown sign !!b,e 50%
but small

Child mortality Indirect Small ! !e !!b,e 67%
rateb,c
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Dependence of Reduction in Total PARa

risk factor on Due to Kyoto Focused
climate change Protocol Due to a halt in adaptation Due to MDGs

Risk factor (CC) (in 2085) CC (in 2085) (in 2015) (in 2015)

Maternal Indirect Small ! !e !!b,e 75%
mortality rateb,c

Lack of access to No No eVect No eVect No eVect 50%
safe waterc

Lack of access to No No eVect No eVect No eVect 50%
sanitationc

Lack of primary No Minor !e Small !e !b,e 100%
educationb,c

AIDS, TBb,c No No eVect Zero to small !e !b,e !!

Annual costs x$165 billion ( cost of Kyoto ' cost of x$143 billion
in 2010 Protocol MDGs in 2010

Notes: (a) ! denotes a positive reduction in P, while !! denotes a larger positive reduction. (b) Reductions
in malaria and/or hunger should directly or indirectly reduce risks associated with each other, poverty, child
and maternal mortality rates, educability, AIDS and TB. (c) Risks associated with these categories should
decline with economic development. (d) Assumes same measures to reduce hunger as used to meet MDGs.
(e) Indirect improvements because hunger/malaria would be reduced under focused adaptation. (f) Assumes
$1.5 billion per year spent to halve malaria mortality. (g) Assumes $1 billion per year spent on protection
(IPCC, 1996a).
Sources: For costs, IPCC (2001), WHO (1999), World Bank (2005) and UN Millennium Project (2005); for
reduction in risks, Table 1 and World Bank (2002).

40. Adhering to the MDGs would directly or indirectly advance human well-being in many more aspects than
would focused adaptation, because the former is much wider in scope (Goklany 2005a). It would also more
broadly increase: (a) adaptive capacity to cope with adversity in general, and warming in particular, and (b)
the capacity to mitigate greenhouse gas concentrations in the atmosphere.

41. Assuming it takes 50 years to replace the energy infrastructure, Tables 1 and 2 suggest that we have at
least 30 years (%2085-50-2005) before deciding on targets and timetables for emission cuts.

42. In the meantime, we should focus on increasing adaptive capacity, whether through pursuit of MDGs or
through adaptation focused on climate-sensitive hazards that might be exacerbated by climate change. This
could raise the level at which GHG concentrations might become “dangerous” and/or allow mitigation to be
postponed. Simultaneously, we should strive to improve the cost-eVectiveness of mitigation so that, if or when
mitigation becomes necessary, net costs would be lower even if emission reductions have to be more drastic.

43. Pursuing either the MDGs or focused adaptation would be entirely consistent with the UN Framework
Convention on Climate Change’s objectives outlined in Article 2, namely, “to allow ecosystems to adapt
naturally to climate change, to ensure that food production is not threatened, and to enable economic
development to proceed in a sustainable manner” (Goklany 2003).

44. Co-benefits or ancillary benefits of reducing greenhouse gas emissions. Some options for GHG emissions
control might provide substantial co-benefits by reducing problems not directly caused by climate change. For
example, a reduction in fossil fuel usage could, by lowering traditional air pollutants (eg sulfur dioxide,
nitrogen oxides and particulate matter), provide significant public health and environmental co-benefits.
Similarly, a reduction in global warming could, arguably, contribute to sustainable development—
“arguably”, because one cannot be confident that such reductions might not result in costs in excess of benefits
(Tol 2005; Goklany 2001b).

45. One procedure to evaluate control (or response) options is to compare marginal costs versus marginal
benefits (both appropriately discounted). If the latter exceed the former, the option being evaluated is
frequently deemed to have passed the test of economic reasonableness.

46. This procedure, however, can lead to less-than-optimal solutions for society if it reduces resources
available for implementing other actions with higher benefit-to-cost ratios, or if there are other, more
economic options of obtaining the same level of total benefits.

47. For example, it is, under current conditions in the US, cheaper to reduce traditional air pollutants through
a direct assault on these pollutants (via add-on controls) than indirectly through measures designed to reduce
GHG emissions. Thus, even if the sum of climate change-related and air pollution-related benefits of GHG
reductions were to exceed the total cost of GHG controls, that could still lead to a squandering of scarce
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resources. Similarly, as shown in Table 2 (above), it is much more economic, for the foreseeable future, to
advance sustainable development directly through adherence to the MDGs or focused adaptation than
through mitigation measures.

48. Where benefits and co-benefits relate only to climate change and air pollution, for instance, the optimal
set of response options is that which entails the least total cost to society. The optimal set can be identified by
minimizing the sum of: (a) the cumulative cost of the response actions taken to reduce damages from climate
change and/or air pollution, and (b) the cumulative cost of residual damages following the imposition of the
response actions (which, in general, would include both mitigation and adaptation actions to reduce damages
from climate change and/or air pollution).

30 March 2005
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Memorandum by Dr Cameron Hepburn, St Hugh’s College, University of Oxford

This note reviews the theory on equity weighting and the application to climate change policy, particularly
from a UK perspective.

Summary

S1. The utilitarian ethic places an equal weight on the welfare of every person in every country. It weighs the
utility of a Ghanaian (rich or poor) the same as the utility of a UK citizen (rich or poor).

S2. No nation-state behaves with such an implicit utilitarian social welfare function. Every nation-state,
including the UK, weights the welfare of its own citizens ahead of the welfare of other citizens. Global
utilitarianism, whatever its moral appeal, provides a poor description of government decision making.

S3. Equity weighting is based upon the utilitarian ethic and the concept of diminishing marginal utility of
consumption—poor people gain greater utility from consumption than rich people. This is modelled by the
parameter ε, the “elasticity of marginal utility”.

S4. Using a measure of the mean e for a country, it is possible to define equity weights to be applied to climate
change damages for diVerent countries. Damage to poor countries would be weighed more than damage to
rich countries.

S5. The value of ε can be determined using a “descriptive” approach, which looks at evidence from individual
behaviour, and uses a mean as the appropriate value for the country.

S6. Evidence from individual behaviour in the UK suggests ε % 1, which is commonly employed in the
economic literature. This implies that we should value a marginal pound to poor countries at roughly 10 times
more than a marginal pound to the UK.

S7. However, a moment’s reflection indicates that this is vastly at odds with government practice, where the
welfare of UK citizens weighs more (not less!) than citizens of other countries. The current rate of spending
on foreign aid illustrates the point—given current rates of foreign aid, a value of e closer to zero, if not
negative, would emerge.

S8. However, this does not imply that the estimate of ε is incorrect, but rather that policy making does not
correspond with the underlying assumption of global utilitarianism.

S9. An intellectually honest approach would be to apply a factor to reduce the weight placed on impacts
outside the UK. This would reflect the fact that the UK government places the welfare of UK citizens ahead
of the welfare of other citizens. Having applied that factor, conventional equity weighting based upon wealth
diVerences would then occur.

A. Theory

1. In a utilitarian framework, each person’s utility is equally important. That is, there is no weighting of
utilities.

2. Still operating with this utilitarian framework, however, it is almost universally accepted that there is
diminishing marginal utility of consumption. That is, giving £1 to a rich person produces less utility (“welfare”
or “happiness” may substitute as rough equivalents) than giving £1 to a poor person.

3. This implies that utility increases with consumption, but at a decreasing rate. A common way to represent
this is when utility, u, of consumption, c, is represented by an isoelastic utility function: u(c) % c(1-ε)/(1-ε),
where ε denotes the elasticity of marginal utility.
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4. In this function, the higher ε, the more rapidly marginal utility falls with additional wealth. In other words,
a high ε implies a strong aversion to inequality, as there is little additional utility gained from additional
consumption to people who are already rich.

Consumption 

Utility
 

High ε 

Low ε 

Figure 1: 
Utility functions for different ε

5. The impact of diVerent choices for ε can be shown by considering two countries, one rich (R) and one poor
(P). Suppose country R has an income 10 times that of country P. Then in Table 1, adapted from Pearce (2003),
we calculate the value of a marginal pound to R relative to a marginal pound to P. For ε % 0 (no equity
weighting), a pound to R is worth the same as a pound to P. For ε % 1.0 (commonly employed in the
literature), giving 10 pence to P achieves the same utility increase as giving £1 to R: marginal income to P is
valued 10 times more highly than to R.

Table 1

EFFECTS OF INEQUALITY AVERSION WHEN YR%10YP

E 0 0.5 0.8 1.0 1.2 1.5 2.0 4.0

Loss to R as a fraction of gain to P 1.0 0.31 0.16 0.10 0.06 0.03 0.01 x0

6. Hence even though a pure utilitarian would not weight utility (see 1 above), a utilitarian would weight
consumption flows because of the diminishing marginal utility of consumption. The appropriate “equity
weight” for consumption going to country R is (YN/YR)ε, where YN is a “numeraire” (benchmark) income
level. The equity weight for consumption going to P is equivalently (YN/YP)ε.

7. This benchmark level is important. In the literature, an average world income benchmark is often used.
This is appropriate provided that the equity weighted damages are then also compared to abatement costs
which are equity weighted to the same benchmark.

8. For instance, it would be incorrect to compare climate change damages which have been equity weighted
to a world income benchmark with unweighted marginal abatement costs in the UK. For UK policy, it is
arguable that the benchmark level of income should be UK national income.

B. Evidence

9. Evidence on the “correct” value of ε could be sourced from a variety of places: (a) lab experiments on
individual behaviour; and (b) revealed preferences of individuals. One might also infer a value of ε by
examining (c) revealed social preferences by government spending on programs designed to reduce inequality
in the UK; (d) UK government spending on programs designed to assist other countries.
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10. Evidence from individual behaviour in categories (a) and (b) above, collected in Cowell and Gardiner
(1999), suggests values between 0.5 and 4 are plausible. A value of ε % 1 is commonly used.

11. For social programs in category (c), Pearce (2003) argues that values above ε % 2 are unreasonable. This
is persuasive, as based upon the results in Table 1 above, a value of ε % 2 implies that £1 to someone earning
£100,000 a year is valued 100 times less than £1 to someone on £10,000 a year. Pearce (2003) concludes that
values between 0.5 and 1.2 seem reasonable.

12. For foreign aid in category (d), cursory inspection indicates that ε % 1 seems very high indeed. The UK
government is a sovereign state which places the welfare of its citizens well above the welfare of foreign
nationals. Even a value of ε % 0.5 seems extremely high in this context. Given that the UK is richer than
developing nations, any positive value of ε implies the UK government values benefits to developing nations
above benefits to UK citizens. As this seems unlikely, one might infer an equity weight of zero, or possibly even
a negative number, seems to apply in foreign aid contexts.

13. However, the very low estimates of ε arising from evidence in (d) most likely arise from the fact that the
UK government does not employ a global utilitarian framework: it does not weight the welfare of non-UK
citizens as highly as UK citizens. It would be more descriptively accurate to retain the values of ε % 1 from
individual evidence, and drop the assumption of global utilitarianism, which evidently no government follows.

C. The Case for Equity Weighting in Climate Change Policy

14. For small projects spanning relatively short periods, cost benefit analysis need not consider distributional
eVects because the taxation system can be employed to achieve equity. In such circumstances, there is no
compelling reason to employ equity weights.

15. However, for investments spanning hundreds of years and several generations—such as climate change
mitigation—there are three considerations that suggest this conventional logic does not hold, and that equity
weights ought to be applied.

16. First, investment in climate change mitigation is not “small”, and the corresponding distributional eVects
are potentially large enough that is not possible, in practice, to correct them using the taxation system.

17. Second, climate change mitigation provides an international public good with distributional eVects that
cross borders. Given the absence of an international tax system, equity considerations may be legitimately
incorporated into investments that are directed at the global good.

18. Third, climate change mitigation has distributional eVects across generations. As such policy instruments
that redistribute wealth between generations are required to correct for these eVects. Some economists
question whether such instruments would be eVective, because they rely upon the goodwill of intervening
generations to implement plans which they may not have an incentive to implement. Even if they eVective
intergenerational instruments do exist, it might be argued that climate change policy is no more costly (in the
sense of deadweight losses) than other possible intergenerational transfer mechanisms.

19. These three considerations— that climate change is non-marginal, international, and intergenerational—
provide grounds for arguing that equity weighting ought to be employed in the assessment of climate change
investments.

D. Applying Equity Weights to Climate Change Policy

20. Given that climate change policy is largely concerned with preventing damages to other nations (damages
to the UK are a very small proportion of total damages), an analytical structure that generates policy
consistent with foreign aid behaviour seems appropriate.

21. As such, an appropriate framework would apply a factor to reduce the weight placed upon impacts
outside the UK, after which conventional equity weighting would be employed. The notion of placing a greater
weight on those who are close to us (by citizenship or otherwise), while not utilitarian, is hardly new to ethics.30

22. The appropriate factor to reduce the weight on impacts outside the UK is a decision that must be made
at the political level. Political and diplomatic considerations might, however, necessitate that the factors used
to weigh impacts in diVerent countries are not transparent.

30 See, eg, Augustine (329): “All people should be loved equally, But you cannot do good to all people equally, so you should take thought
for those who by the chance of place or time or anything else are, as if by lot, in particularly close contact with you.”
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23. Some commentators argue that climate change poses particular ethical problems because it involves both
challenges of free-riding and past responsibility on the part of industrialised nations. If this argument is
accepted (at a political level), then a higher factor should be used to weight impacts in other countries,
justifying a degree of divergence with UK foreign aid programmes.

28 February 2005
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Memorandum by Mr David Holland MIEE

1. I am a retired Electrical Engineer and claim no other expertise than having lived through many false hopes
and despairs. Like Professor Lindzen, I am sceptical of IPCC predictions not because of the science but their
processes and conclusions. I hope you will consider this lay view because there is a large and growing body of
informed scepticism which will have to be overcome if governments are to successfully implement the policies
deemed necessary by the currently claimed consensus. That said few would disagree that on the grounds of
common sense alone we should conserve our natural resources and I was delighted to have been bought a
woodland tree as a Christmas Present.

2. Lord Lawson of Blaby in Q16 went straight to heart of climate scepticism in his reference to the so called
“hockey stick” graph of Professor Mann’s MBH98 paper which is the basis of the IPCC TAR. It suggests that
world temperature was little changed for a thousand years then shot up in the last century. This graph is in
stark contrast to the consensus prior to 1998 and conflicts with historic evidence laid out by the late Hubert
Lamb founder of the CRU. It also conflicts with the longest known instrument record of temperature in the
world

3. The graph (dated 17 October 2003) below was sent to me by the Met OYce, but as Dr Sophia Oliver of
DEFRA told me last August, it apparently needs up to two more years of peer review before it will be used
on government web sites. This graph relates to Central England only and the data prior to 1772 is considered
less reliable than the later data. However, much anecdotal evidence for the Little Ice Age leaves little doubt
that it is broadly correct. What this graph suggests is that, for Central England at least, there was a period of
rapid cooling followed by one of rapid warming well in excess of what we experienced in the last century. There
is historic evidence of the discomfort caused by the rapid cooling, but I am unaware of any complaint relating
to the 2 centigrade degree temperature rise in less than 4 decades. Not only does this evidence suggest we can
adapt to rapid climate change but as CO2 levels were smaller and believed to be fairly constant it demonstrates,
on a regional basis at least, that temperature changes without anthropogenic forcing can be large.
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4. Another long instrument record is to be found at the Observatory in Armagh. The graph below is published
by them31. Of it they say “In the Armagh Observatory’s records we already see the influence of Global Warming
over the past century and they indicate strongly that changes in the Sun are at least partially responsible.”

5. A plot showing the change in temperature at Armagh Observatory since 1796 and the simultaneous changes
in the length of the “11-year” sunspot cycle, adapted from the article “A provisional long mean air temperature
series for Armagh Observatory”, Journal for Atmospheric and Solar Terrestrial Physics, Vol 58, p 1657–1672,
1996, by CJ Butler and DJ Johnston.
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6. Squares represent the mean temperature at Armagh. The solid histogram represents the length of the
sunspot cycle. I was taught that where two distinct phenomena correlate well, as these clearly do, then it is
probable that one is caused by the other or some other phenomenon is causing them both. You will be told
that, from what we know of solar variance, it is not enough to cause the warming we are seeing, but surely the
rise of a degree centigrade at Armagh from 1800 to 1840 could not have been due to CO2. More to the point
the Little Ice Age, when temperatures in Central England were lower than any time recorded since or inferred
by historic accounts earlier, was at a time of very low sun spot count. This strongly suggests to me that not
only are there well known aspects of climate science that are poorly understood but in the well quoted words
“there are unknown unknowns”.

7. You have heard that to get the sort of temperature increases of which we are being warned, substantial
positive feedback or amplification is needed. You experience one significant feedback process any time you
walk bare footed from your lawn onto your path or drive when the sun is shining. This feedback acts directly
on incoming radiation. Mankind’s construction of homes and roads has increased the amount of the sun’s
energy that is turned directly into heat at the surface of the earth, where incidentally the temperatures preferred
by the IPCC are measured.

8. If you look at the USGS web site32, which shows cement production statistics (and asphalt is very similar)
and plot them you will have another hockey stick graph. Most of the cement and asphalt ever made was made
after 1940. London and most of the world’s large cities are several degrees warmer than the surrounding
countryside. Many feel that the Urban Heat Island eVect is a significantly underestimated factor in the recent
temperature rise at the surface and explains why satellites and weather balloons record much lower warming.
Intuitively most would say that if CO2 is the cause of rising temperatures we would see it throughout the
atmosphere but we do not. Characteristically, climate scientists have devised a basket of “fiddle factors” that
enable their models to live with this diYculty.

9. This is a point directly relevant to your main enquiry. The design of most cities and roads unquestionably
(only the extent is debated) add to global warming. Careful design, as in the case of Canberra can minimise
or reverse this at modest cost.

10. DEFRA have a web site33 to inform the public on matters of climate change and show the graph below
on it. They are selective as to what they show of what they know and this totally alters the impression that the
common man gets when shown it. It shows that in recent years Central England is similar to the global average.
Clearly the vastly greater number of temperature readings that have gone into the global average have had a
smoothing eVect. No one disputes that regional variations occur and that “ups and downs” in the trends can
be skewed in time by regional eVect. Given that, I believe it is fair to say that the CET is broadly representative
of global temperatures. I would, however, argue that the half degree that Central England is above the global
average at the end of the graph supports the exaggerated claim that we have concreted it over and it is now
one large heat island.

32 http://minerals.usgs.gov/minerals/pubs/of01-006/cement.pdf
33 http://www.defra.gov.uk/environment/climatechange/01.htm£gheVec
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Figure 1:

Global and Central England surface temperature anomalies 1772-2000

11. What DEFRA do not show (but as the Met OYce graph on page 1 shows they have the data for) is that
Central England, in 1738, was probably warmer than today’s global average. At the time 1738 was the sixth
warmest year on record and seven out of the eight hottest years on record had occurred in that decade. Does
that sound familiar? Nor do DEFRA go even further back and show the Little Ice Age for which they have
data albeit with less confidence. They certainly do not show the solar cycle length with its exceptional Maunder
Minimum or today’s exceptionally short solar cycle.

12. This brings me back to the famous “hockey stick” that Lord Lawson raised in Q16. Around 40 of the years
deemed by DEFRA to be unsuitable for public viewing until peer reviewed, are incorporated into the peer
reviewed paper, (MBH98), of Professor Mann that the IPCC used to such great eVect that I would argue it is
the most recognised graph in the world. It is in fact their trade mark.

13. The blade of the hockey stick is designed (and I suspect designed is not an exaggeration) to shock, but it
is the shaft where the real mischief lies. The extra years Professor Mann used (as compared to what DEFRA
and the Met oYce show on their web sites) began in the 1730’s and were far hotter than the previous decades
which were part of the Little Ice Age. In his peer reviewed paper Professor Mann does not oVer any
justification for not using the full CET data set or using data DEFRA think unreliable or even mention that
it is truncated. He uses a statistical process known as Principle Component Analysis in which a number of
data series, some physical temperature readings but mostly proxies, are reduced to data that is shown in the
“hockey stick”.

14. Stephen McIntyre and Ross McKitrick wrote a paper34 (M&M2003) that exposed what they considered
serious defects in the MBH98 paper. They published the graph below. In their “corrected version” the little
ice age is colder and the mediaeval warm period that had disappeared in the MBH version reappears.

34 http://www.multi-science.co.uk/mcintyre-mckitrick.pdf
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15. Arguments followed as to whether it was peer reviewed and a proper understanding of the diYculty in
dealing with climate science is incomplete without reading a recent paper, Kyoto Protocol Based On Flawed
Statistics Proof That Mankind Causes Global Warming Is Refuted, published in Natuurwetenschap and
Techniek and for which a translation35 (with poor graphics) is available.

16. Eventually Professor Mann and his co writers were obliged to publish a corrigendum36 in Nature and,
more importantly, more of the data and methodology that has enabled McIntyre and McKitrick to update
their analysis of MBH98 and the argument can now be reduced to just two questions.

(i) Is it statistically correct in PCA to centre the proxy data around just a part of the time period covered
by the data rather than the entire period?

(ii) Are the Bristlecone Pine series of tree rings used by Professor Mann as proxies representative of the
temperature at the time of their growth?

17. The first question may sound diYcult to understand, but is not. From just a few hours study of the
mathematics which was unknown when I qualified, I am satisfied that M & M may well be right. It is frequently
necessary to standardise or normalise data to make it suitable for processing. Subtracting the average so the
numbers all sit above and below a mean sounds reasonable whereas subtracting the average of a part of the
series seems odd. When that part corresponds to the time span of what turns out to be the blade of the “hockey
stick” it begins to look like a design feature. I would think that we have enough statisticians in the UK to
answer the first question.

18. The second is straightforward. Without these Bristlecone Pine tree ring series there is no hockey stick. If
MBH98 has solid foundations, the removal of these series should not aVect it, but they do. The Bristlecone
Pine series are anomalous. They show, according to M & M, a spurt in growth in the 20th Century which is
not matched by contemporary temperature readings from nearby stations. Other things including CO2

concentration aVect ring growth and the growth spurt occurs at a time of rising CO2.

19. What excites those with a leaning towards conspiracy theories is that Professor Mann appears to have
experimented with data series and had at one time some data remarkably similar to that M&M produced in
the FTP location: ftp://holocene.evsc.virginia.edu/pub/MBH98/TREE/ITRDB/NOAMER/BACKTO—
1400-CENSORED

20. I have pressed DEFRA to the point of becoming persona non grata on the issue of checking the IPCC
hockey stick but, as other testimony seems to suggest, there is a culture of “group think” which I find
disturbing. The constant reference to peer review and consensus is as irritating as it is nonsensical. A single

35 http://www.uoguelph.ca/wrmckitri/research/Climate—L.pdf
36 http://holocene.evsc.virginia.edu/shared/articles/MBH98-corrigendum04.pdf



3092982010 Page Type [O] 24-06-05 17:45:02 Pag Table: LOEANY PPSysB Unit: PAG2

233the economics of climate change

paper can change the consensus just as Professor Mann’s did. In 1932 a consensus, which included Einstein,
and was as solid and as important as today’s on climate change, was quickly reversed almost without a
murmur when James Chadwick presented his paper on the neutron which led the way to nuclear fission. On
other occasions peer review has been hoaxed or defrauded. It is unrealistic to expect that every science paper
will be independently replicated but the standard should be that all data and methodology is available to allow
it and government departments that sponsor research should replicate the most important and a random
sample of the rest.

21. If I may turn to a further issue that greatly worries me, in December I attended a meeting at which
presentations were given by three distinguished scientists with hundreds of peer reviewed papers between
them.

22. Dr Paul Reiter gave a compelling explanation as to why suggestions of an increase in vector born diseases
was unsupported by the known and published data. He also told us that he had resigned from the IPCC
working group he was on because they wanted his name included in the list of contributors but would not
include his views.

23. Professor William Keatinge gave a clear and authoritative explanation of why even in the hottest countries
deaths due to cold exceed vastly those from heat. I accept his view that the sad loss of life in Europe in 2003
due to the exceptionally hot summer was a failure of systems and is unlikely to happen again. Any increase in
heat related deaths is bound to be more than oVset by the reduction of cold related deaths.

24. Professor Nils Axel Mörner gave a well reasoned explanation as to why alarmist fears of rising sea level
are misplaced.

25. I mention these presentations because I found what happened at the end shocking. It was a polite, friendly,
private “learned” meeting in which all were free to disagree and debate the science. Yet a group of individuals
from a well known environmental organisation found it necessary to infiltrate and hijack the meeting to
harangue the speakers and organisers as stooges of the Oil Companies. Two of the three had absolutely no
connection with the oil industries and what funding was readily admitted to by the others was neither recent
nor of any size.

26. While not violent, the outbursts were intimidating and clearly pre-planned. I have no doubt that if the
arguments start to run against them, as we have seen in other areas, hard core activists will increase the vigour
of their approach and adopt the tactics they use in other fields. So vehement are accusations of Oil Industry
funding that no respected scientist dare avail himself of this source of perfectly legal and proper funds.

27. Climate Alarmists are, so to speak, the incumbents and will be diYcult to dislodge even if overwhelming
evidence emerges that CO2 is not the main driver of climate change. Professor Robinson mentioned in answer
to your Q4 how diYcult it was to accept that Nuclear Energy might not be all that was claimed of it. In that
case there were powerful commercial lobbies and industries that worked to reverse the consensus. Despite the
alarmists’ myth, there is no contrarian industry secretly funded by the oil industry. I receive no income
whatever from my interest in this area. If I were beginning my career I cannot imagine that I could make a
living in climate science without accepting the current consensus and therein lies the real risk.

28. There must be sceptics in DEFRA and the Met OYce but it is hard to see why they would make public
their views. At the moment there seems to be a competition to see who can publish the most scary scenario.

29. If there were just one outcome from your enquiry I would hope that it would be the unfettered availability
of all papers, methodology and data pertaining to matters that involve significant public expense. If there were
a second it would be to elevate auditing or replication above peer review or reputation.

3 February 2005

Memorandum by International Council for Capital Formation (ICCF)
1. Summary

1.1 Comprehensive economic modeling is essential to the world’s understanding of climate change and the
development of optimum, realistic solutions to address the issue. Only by including analysis of the
macroeconomic impacts of alternatives policies such as the Kyoto Protocol, can the best policy solutions—
on a national and international level—be identified and developed.

1.2 The International Council for Capital Formation37 (ICCF) has researched and developed robust
evidence, which is presented here for the House of Lords’ Select Committee on Economic AVairs. This
evidence is based on detailed comparisons that have been made between the various economic assessments

37 The website for the International Council for Capital Formation (ICCF) can be found at www.iccfglobal.org
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used by the UK government, the European Commission, the Intergovernmental Panel on Climate Change
(IPCC) and, by stark contrast, the United States government.

1.3 This evidence and analysis shows that attempts to constrain European greenhouse gas emissions (GHGs)
at the rate required by Kyoto will have large economic costs, which have been severely underestimated by
European and UK policymakers to date. These economic impacts could drastically cripple these developed
economies over the next decade and further beyond. Further, pursuing policy that undermines growth actually
limits the ability of both developed and developing countries to engage protective, environmental measures.

1.4 The ICCF is an established think tank focusing on developing sound research and workable solutions to
global problems aVecting the environment, energy, tax policy, intellectual property rights and private pension
plans for retirement security and trade.

1.5 The ICCF circulates its publications, commentary, and ideas around the globe to reach public oYcials on
both sides of the Atlantic as well as in the Pacific Rim. The ICCF Board of Directors includes business leaders
and opinion makers from around the globe. Founding board members include: Mr Rudi Bogni, Sir Richard
Greenbury, Mr Robert L. Hamburger, Dr Friedrich Hoess, Dr Vincenz Lichtenstein, Sir Ralph Robbins,
Hon. George P Schulz, Mr Peter Spira, Hon. Robert S Strauss, Sir Kenneth Warren and Hon. John C
Whitehead.

2. What has been the approach within the IPCC to the economic aspects of climate change, and how satisfactory has
it been?

2.1 Notably, the IPCC’s approach to the economic aspects of climate change has largely ignored the results
of a range of macroeconomic modeling showing the impacts of its advocated climate change policies, including
Kyoto. Further, in many of its published papers,38 the IPCC has argued that project and sectoral level cost
models are more accurate than the use of macroeconomic models39. However this core assumption and many
of the other assumptions underpinning its “Special Report of Emission Scenarios”; (SRES) have been
challenged by leading economists.

2.2 A range of macroeconomic models can be used to reveal the potential costs of various climate change
policies. The IPCC itself admits, “The implied costs of diVerent climate change policies are quite sensitive to
the underlying model used.”40

2.3 As a recent study by Dr Michael Canes41 illustrates, (figure 1)42, an accurate portrayal of the costs of
complying with GHG emission reduction targets depends largely on choosing an economic model that
captures the entire short and medium-term costs of adjusting to higher energy prices or regulatory mandates
on the economy as a whole.

38 Source: Page 27 “Macroeconomic costs”, within “Guidance papers on the cross-cutting issues of the third assessment report of the
IPCC”, July 2000 http://www.ipcc.ch/pub/xcutting.pdf

39 Source: “Guidance papers on the cross-cutting issues of the third assessment report of the IPCC”, July 2000 http://www.ipcc.ch/pub/
xcutting.pdf

40 Source: “Guidance papers on the cross-cutting issues of the third assessment report of the IPCC”, July 2000 http://www.ipcc.ch/pub/
xcutting.pdf

41 “Economic modeling of climate change policy”, Dr Michael E Canes, October 2002—Dr Canes is a Senior Research Fellow at the
Logistics Management Institute in McLean, Virginia. His work includes making annual estimates of the greenhouse gas emissions of
the Unites States Postal Service and helping that organsisation identify options for emissions reduction. Dr. Canes has a PD in
Economics from UCLA and an MSc in Economics from the London School of Economics. The updated version of this paper is in a
new book by the ICCF, called “Climate Change Policy and Economic Growth: A Way Forward to Ensure Both”, available at: http://
www.iccfglobal.org/research/climate/climate-change-book.html

42 Graph data source: Charles River Associates http://www.crai.com/
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2.4 Bottom-up energy models are constructed from engineering data applied to specific technologies whereas
top-down energy models are based on statistical analysis of past data. Both can be useful in understanding the
eVects of policy on energy markets, but bottom-up models often neglect certain costs that reduce returns on
investment below what is predicted, resulting in unrealistic estimates of what will occur if energy markets are
shocked. Top-down models are based on technology and institutions existing at the time their data applies to
and hence may underestimate the ability of markets to adapt, but such models often incorporate technology
parameters, induced technological change, or explicit changes in technology in order to avoid such bias, thus
incorporating bottom-up features within a top-down approach. Because these models are based on actual
behavioral responses rather than simulation under somewhat idealized conditions, they appear to be the most
realistic way to accurately estimate the consequences of climate change policy.

2.5 For example, a “bottom-up” model, such as the PRIMES model used by EU environmental agencies is
designed only for measuring sectoral eVects and not economy-wide eVects. PRIMES, a partial equilibrium
model, is primarily designed to show the eVect of policy changes on energy markets. It can calculate the direct
cost implications of reduced energy use, but not the economy-wide impact on gross domestic product (GDP),
employment and investment. Thus, the results of this model, which show a reduction of only 0.12 per cent in
GDP to the EU in 2012 from complying with Kyoto, are not an accurate measure of the total costs.

2.6 Such reliance on results from PRIMES, which is a useful tool for understanding the impact of changes on
energy markets but does not give the “big picture,” has led Europeans to believe that the costs of achieving
Kyoto targets will be relatively small. This is inaccurate. General equilibrium and macroeconomic models
paint a very diVerent picture of the impact of Kyoto on GDP levels in the EU. General equilibrium models
measure the “big picture” impacts on an economy after it has had time to adjust, perhaps over three or four
decades, to higher energy prices and regulatory mandates. General equilibrium models, such as MERGE3,
ABARE-GTEM or MS-MRT, show GDP losses of about 1 per cent per year from 2010 onwards in the EU
as a result of Kyoto.

2.7 Macroeconomic models, such as Oxford or DRI-WEFA (now Global Insight), are general equilibrium
models that explicitly account for market disequilibria caused by economic shocks. In addition to identifying
long-term costs, these models provide the most complete near and intermediate-term analysis of the costs of
Kyoto-implementing policy. Results in Figure 1 indicate such models provide cost estimates, for European
compliance with Kyoto, that are 50–100 per cent higher than those from pure general equilibrium models.

2.8 Results of ICCF analysis, conducted within the 3 years, show that real GDP across European member
states would fall 1 to 1.5 per cent below predicted levels during the 2008–12, without materially reducing global
concentrations of greenhouse gases. These results, supported by a range of independent think tanks and
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research bodies43, show that the real cost to European economies, of implementing Kyoto, could be between
10 to 15 times greater than current EU predictions.

2.9 In November 2004, UNICE, the pan-industry, pan-European employers group, which represents more
than 20 million small, medium and large businesses across Europe, also published results of a study on the
economic costs of Kyoto. The study, conducted by Cowi Consultants using a general equilibrium model,
reveals that current EU policies to meet Kyoto targets would most likely shave 0.48 per cent oV the bloc’s GDP
by 2010, rather than the 0.1 per cent reduction initially forecast by the European Commission.44

2.91 These few examples are part of a growing volume of robust evidence, (presented by a range of respected
organizations with varying interests), which indicates that the real costs of IPCC-supported policies—
including the Kyoto Protocol—have been severely underestimated. Policymakers have been deprived of key
findings needed to accurately weigh the costs and benefits of near-term targets and timetables to reduce GHGs
in the EU. As long as the IPCC continues to ignore this evidence, its approach to the economic aspects of
climate change will remain unsatisfactory. Policymakers need to have access to cost estimates based on
appropriate climate policy models in order to develop plans for the post 2012 period that will not undermine
job and industry growth across the wider European economy.

3. Could IPCC member governments, and the UK in particular, do more in future to contribute to the robustness of
the economic analysis?

3.1 One of the advantages of using macroeconomic models to perform robust and comprehensive economic
analysis lies in their ability to capture near and intermediate-term adjustment costs, as well as the longer term
costs associated with the market shocks of implementing the Kyoto Protocol. Some of the advantages of using
macro-economic models are illustrated by making direct comparison between the approaches taken by the EU
and the US.

3.2 Macroeconomic models provide an assessment of the overall costs of meeting emission targets where the
short-term, frictional costs of adjustment are included. These models were used by US scholars and climate
policy modelers in the early 1990s to measure the impact of Kyoto on the US economy. They quantify the
impact on employment, investment, budget receipts and GDP growth when an economy is “shocked” by
having to make quick changes in its capital stock, production processes and lifestyles.

3.3 In contrast to the EU “target and timetables” approach to climate change, the US has chosen a diVerent
path, one based on gradually reducing energy intensity. The main reason that the Bush Administration
rejected the Kyoto Protocol approach was that they had analyzed the costs of sharp, near-term emission
reductions and found that the economic costs were significant and the benefits (in terms of reduced global
concentrations of CO2) were negligible. A range of credible macroeconomic models showed that Kyoto would
have negative eVects on the US economy in the range of 2 per cent to almost 4 per cent of GDP in 2010.

3.4 This approach has since been supported by factual comparison between both the economic and the
environmental performances of the EU and US economies. According to data from the US Department of
Energy’s Energy Information Administration, the US—using a voluntary approach—has reduced its energy
intensity (or the amount of energy required to produce a dollar of GDP) by a significantly larger percentage
than has the European Union (see figure 2.) The EU, which ratified the Kyoto Protocol and thus faces
mandatory emission reductions, has reduced energy intensity by only 7.5 per cent compared to the 15.8 per
cent reduction achieved by the US over the 1999–2001 period.

3.5 Similarly, the ratio of CO2 emissions per dollar of output has decreased faster in the US than in the EU
over the past decade—15.3 per cent for the US compared to 13.8 per cent in Europe. By adopting its voluntary
approach to emission reductions, the Bush Administration balances multiple policy objectives, including
maintaining strong economic growth and enhanced environmental quality. In contrast, EU economic growth
is weak and unemployment high (about 10 per cent in recent years).

3.6 These models oVer decision makers, who are concerned with maintaining healthy GDP, employment and
other economic indices over the next several years, the most complete understanding of what to expect. For
this reason, they are essential in contributing to the development of sound environmental policy that does not
endanger the economies of the countries in or across which it is implemented.

43 Reference: climate change workshop co-sponsored by the International Council for Capital Formation, Centre for the New Europe,
Istituto Bruno Leoni and Institut Economique Molinari, held on Wednesday, 24 November, 2004 in Brussels. Press release http://
www.iccfglobal.org/research/climate/cop-10dec2004.html

44 Source: Union des Industries de la Communauté européenne (UNICE). From UNICE’s contribution to the European Commission’s
consultation concerning action on climate change, post 2012 (31.10.04) www.unice.org
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Figure 2.

FIGURE 4: EU and US Energy Intensity Reductions, 
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4. What would be the relative costs and benefits of using resources, otherwise expected to be allocated to climate change
control, instead to expand international development assistance?

4.1 Academics and scholars at public policy think tanks in the US have devoted considerable eVort to
measuring the costs and benefits of near-term emission reduction targets. According to scholars such as
Brookings Institution economist, Dr Robert Crandall, setting targets and timetables for US greenhouse gas
emissions is premature. He bases this conclusion on:

— The uncertainty about whether or not the extent to which global warming is occurring; new data
from climatologist and UN Intergovernmental Panel on Climate Change author Professor John
Christy, University of Alabama, demonstrates that while surface-based measures show warming,
satellite data shows little warming; and

— The high cost of foregone investment if the US sacrifices badly needed economic growth to reduce
emissions.

4.2 In a 1999 report, Dr Crandall observes that the economic estimates of the costs and benefits of reducing
emissions to 1990 levels that are in the literature are not particularly supportive of going ahead immediately
with any policy of abatement. For example, as an analysis by Brookings Institution Fellows Drs Warwick
McKibben and Peter Wilcoxen points out, the estimates of the costs of capping emissions at 1990 levels
generally range from 1 to 2 per cent of GDP per year, while the benefits, estimated at most to be 1/3 per cent
of GDP, will not arise for at least 30 to 50 years. Dr Crandall notes that “Every dollar dedicated to greenhouse
gas abatement today could be invested to grow into $150 in the next 50 years at a 10 per cent social rate of
return, even at a puny 5 per cent annual return, each dollar would grow into $12 in 50 years. Therefore, we
need to be sure that the prospective benefits, when realized, are at least 12 to 150 times the current cost of
securing them. Otherwise, we should simply not act, but use our scarce resources in other ways.” Moreover,
the climate models generally forecast that it would require far greater reductions than a return to 1990
emissions to stabilize the climate. Dr Crandall concludes, “We cannot justify a return to 1990 emissions based
on the average estimates in the literature, no matter how eYciently it has done.”

4.3 It is clear that the marginal costs of abatement in low-income societies such as China and India are
substantially below those in developing countries, Dr Crandall notes. Economists envision a marketable
permits program as being global in scope. The United States, France, Japan and Germany, for example, would
buy permits from China, India or Bangladesh. The latter would, in turn, reduce their CO2 or other greenhouse
gas emissions by this amount over the levels that would have occurred without the permits policy in all future
years. The diYculties involved in such a future program would be immense: measuring emissions from millions
of sources from motor scooters to bovine animals; forecasting emission levels for the uncontrolled scenario;
and finally, enforcing the reductions from these myriad sources. If enforcing nuclear nonproliferation treaties
is diYcult, enforcing a global greenhouse gases trading program would be incomparably more complicated.
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4.4 Yale University Professor, William D Nordhaus, has also analyzed the costs and benefits of CO2 emission
limits. Dr Nordhaus’s research shows that the costs of even an eYciently designed emission reduction program
exceed the value of environmental benefits by a ratio of 7 to 1 and that the U.S. would bear almost two-thirds
of the global cost. As EU scholars examine the costs of near-term GHG emission limits to the EU versus the
benefits (in terms of reductions in global emissions), they are likely to reach conclusions similar to those above.
As the May 2005 Copenhagen Consensus forum in Denmark concluded, the world’s most acute problems are
HIV-AIDs and lack of sanitation and clean drinking water in developing countries. More aid for these critical
problems, from which literally millions are dying yearly, would yield greater benefits than eVorts to try and
force down GHG emissions in the developed world. Climate change is an important issue and it should
continue to receive funding for new energy technologies, carbon sequestration and the study of climate science,
but it should not take priority over funding more urgent global problems.

4.5 Increased economic freedom is the best way to promote cleaner energy use in developing countries.
Economic freedom positively impacts economic growth; faster economic growth is linked with reduced energy
intensity and lower emissions per dollar of output. In other words, a focus on economic growth is a surer path
forward in addressing climate change. Policies like the Kyoto Protocol are not a step forward; they’re actually
a step backward because they impede economic growth with virtually no positive environmental benefits. For
example, if China and India installed new industrial equipment, as eYcient as that currently employed by
Japan and the United States, their emissions intensity per dollar of output would drop much faster and global
concentrations of CO2 would fall much more rapidly (see Figure 3)45.

Figure 3.
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Memorandum by the International Policy Network

THE SCENARIOS UNDERLYING CLIMATE CHANGE “PREDICTIONS”

Martin Ågerup

Scientists are in broad agreement that human activities have some influence on global mean temperatures and
climate, but they disagree about the extent of this influence. Absent the influence of humanity, the earth’s
climate would not be stable—it experiences extreme natural changes, and small manmade temperature
increases are likely not to be a huge problem.

It is almost as uncontroversial that uncontrolled human emissions of greenhouse gases (GHGs) will result in
an increase in global mean temperatures—all other things being equal. This does not in itself justify political
action in general or climate mitigation in particular. The earth’s climate would not be stable without human
influence. In fact climate has always changed and will always change. Therefore, small manmade temperature
increases are not a problem.

45 Graph data source: Charles River Associates http://www.crai.com/
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Some greenhouse gases are more eVective per molecule when it comes to trapping infrared radiation than
others. In order to simplify a matter slightly, the concentrations of the diVerent GHGs in the atmosphere are
converted into CO2-equivalents on the basis of their relative radiative potency. The CO2-equivalent
atmospheric concentration is now about 32 per cent higher than the pre-industrial level. The concentration is
measured in parts per million (ppm) air molecules. The pre-industrial concentration of CO2-equivalent was
approximately 280 ppm while the current level is approximately 370 ppm. The IPCC projects a concentration
in the year 2100 that ranges from 540 to 970 ppm.

Other things being equal, this development will enhance the natural greenhouse eVect and cause the global
mean temperature to rise. Most scientists agree on this. What is unresolved is the question of how much
temperatures will rise. That is not just an academic issue. If human emissions of GHGs have a small eVect on
climate, it may prove too costly to curb these emissions compared to the benefits. The issue is further
complicated by the fact that small increases in temperatures may in fact be an advantage.

It is important to establish by how much temperatures can be expected to rise over a relevant time scale because
of the influence of human activities. The Intergovernmental Panel on Climate Change (IPCC) has attempted
this exercise for the past 15 years. The IPCC was established in 1988 by the World Meteorological
Organization (WMO) and the United Nations Environment Programme (UNEP). The role of the IPCC is
to assess

the scientific, technical and socio-economic information relevant to understanding the scientific basis of
risk of human-induced climate change, its potential impacts and options for adaptation and mitigation.
The IPCC does not carry out research nor does it monitor climate related data or other relevant
parameters. It bases its assessment mainly on peer reviewed and published scientific/technical
literature.46

In its third assessment report (2001), the IPCC predicted that the global mean surface temperature would rise
by 1.4 to 5.8)C47 and came to the widely-quoted conclusion that

There is new and strong evidence that most of the warming observed over the last 50 years is attributable
to human activities.48

However, the IPCC’s conclusions are highly controversial. The predictions depend on two sets of computer
models. One set predicts how much CO2 and other greenhouse gasses (GHGs) that humanity will emit into
the atmosphere. The other set of models predict how the climate system will react to such increases in GHGs.

In other words, the quality of the predictions depends completely on the ability of the models to produce
reliable results. In fact, there are problems with both sets of computer models. These are the two main
uncertainties with these models:

1. We don’t know how sensitive the Earth’s climate system is to increased levels of CO2.

2. We don’t know how much CO2 we will emit—the subject of this paper.

The IPCC’s Emissions Scenarios

The IPCC’s climate models calculate the consequences of increasing atmospheric GHG concentrations—
typically at a level equivalent of a doubling of atmospheric carbon dioxide compared to the pre-industrial
level. However, in order to predict expected warming, modellers need estimates of the rate of CO2 increase in
order to forecast how long it will take for concentration to double. In other words, they need forecasts of
human emissions of CO2 through the 21st century.

The IPCC has made such long range forecasting exercises for all of their three assessment reports since 1992.
The latest results were published in 2000 in the Special Report on Emissions Scenarios (SRES).49 The SRES
working group produced 40 scenarios out of which six were chosen as “marker scenarios” and fed into the
climate models. In other words the emissions scenario exercise is a crucial step in creating the above mentioned
temperature growth range for 2100 of 1.3 to 5.8)C. In fact, most of the span in this temperature range is
produced by the huge diVerence in emissions across the marker scenarios.

The scenarios are based on parameters influencing emissions such as:

— GDP per capita growth on a country, regional and global level.

— Population growth.

— Energy eYciency (how much GDP does one unit of energy produce).

46 http://www.ipcc.ch/about/about.htm
47 http://www.grida.no/climate/ipcc—tar/index.htm
48 IPCC (2001a), p 5.
49 IPCC (2000).
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— Composition of fossil fuel consumption (coal, oil, gas).

— Non-carbon fuel share of total energy production (nuclear, wind, solar etc.)

Evaluation of the Emissions Scenarios

Obviously the quality of the emissions forecasts depend completely on the way these parameters are treated
and the values given to them in the diVerent scenarios. Over a time span of a century the degree of uncertainty
for each parameter is enormous and as explained below, some of these uncertainties compound. However, this
does not mean that anything should be considered plausible. Unfortunately the SRES scenario group does a
very poor job of creating plausible scenarios.

For those who use scenario methods in their professions, the SRES scenario eVort is problematic. There are
three basic reasons for concern:

— Sloppiness.

— Bad methods.

— Scenarios being used as forecasts—the most important criticism.

The criticism concerning sloppiness includes treating the period 1990—2000 as part of the forecast period
without taking into consideration that we now have data for that period. Apparently the SRES has been
reusing data from previous scenario exercises. The problem is that time and real world observations have
proven these projections wrong. For instance the scenario figures used for the increase in world GDP between
1990 and 2000 vary between 20.6 per cent and 35.4 per cent. However, IMF data for most of that period was
available in 1999 and showed growth of 36.5 per cent.50 Probably this error doesn’t have a substantial impact
on model results by 2100. Nevertheless, it’s amazing that such sloppy practices are allowed as part of an input
to a modelling exercise that involves the use of supercomputers and costs millions of Euros.

The IPCC also suVers from poor methodology. One leading economic modeller, John Reilly of the MIT Joint
Program on the Science and Policy of Global Change calls the SRES approach to scenario building an “insult
to science.”51 According to Reilly, the scenario teams have worked backward from a desired end result in terms
of emissions and temperature increases. In other words, the IPCC has allegedly started with an emission
projection then made an estimate of the relationship between emissions and growth and finally calculated the
growth rate needed to achieve the desired emissions projection.52

Another criticism of methods has been advanced by Ian Castles, former President of the International
Association of OYcial Statistics, and David Henderson, former Chief Economist of the OECD. They accuse
the SRES team of using inappropriate exchange rates which exaggerate current global economic inequality.
Since the scenarios assume that income equality will improve over the course of the century, models
overestimate growth rates in low income countries.53

While the SRES methods concerning growth projections are technically unsound, the scenario models will
have to be modified before we can conclude if the exchange rate error should lead to substantial reductions in
total global growth rate projections. However, the “end result” in terms of world GNP/GDP does seem very
high. Many of the scenarios give us a world economy which by 2100 is up to approx. 25 times larger than it
is today.54

In order to achieve that multiplication the world economy would have to grow 3 per cent a year. This does
not seem to be a realistic assumption, even for a high end scenario, given the historical performance of the
world economy. But then, the SRES does not seem to take historic trends much into consideration. As David
Henderson points out:

a surprising feature of the SRES that in a document surveying the long term future, which contains over
300 pages of main text and presents 40 diVerent scenarios prepared by six diVerent modelling groups,
there is no chapter which systematically reviews the evidence of the past. The starting point for any such
quantitative future-oriented inquiry should be a clear and careful survey of earlier developments and
trends, going right up to the present.55

50 Henderson (2003).
51 Corcoran (2002). See Webster et.al. (2001) for a more in-depth analysis of projected emissions of carbon dioxide.
52 Ibid.
53 The Economist (2003).
54 A spreadsheet with the scenario data is available at: http://sres.ciesin.org/
55 Henderson (2003).
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What such a survey could have considered is the fact that since 1975 world GDP per capita has grown at an
average 1.2 per cent per annum.56 Extending this growth rate for 110 years would give us a world per capita
income which was 3.7 times larger than the present. If we assume that population doubles over the same period
(and that would be a high estimate) we get a global economy which is 7.4 times bigger than the present. That’s
quite far from a 25 time increase.

The only economy which has produced average annual growth rates comparable to the IPCC assumption over
a sustained period is Japan. Between 1913 and 1996 Japan grew at an annual rate of 3.36 per cent.57 But it
seems doubtful that the entire world economy would be able to do the same for as long as a century.

The Use and Abuse of Scenarios

The most serious objection is the IPCC’s use of scenarios. The scenarios are presented as an exercise in “free
thinking” about the future. The SRES states that they are “images of the future or alternative futures” and
should not be seen as predictions or forecasts. They are in fact “computer aided storylines”. But at the end of
the day the scenarios end up presenting a very concrete result in terms of numbers (emissions). These numbers
are fed into a computer, which in turn produces a temperature. The SRES tries to have it both ways: a non-
committal scenario process and a clear result in terms of a number.

The SRES claims that the scenarios “are not assigned probabilities of occurrence, neither must they be
interpreted as policy recommendations.”58 But since each scenario gives a result which translates into a
number there is in fact an implicit bias in favour of extreme scenarios. An extreme scenario extends the
temperature range. A less extreme scenario doesn’t. Therefore, an extreme scenario is implicitly given more
importance. In the real world we would normally treat an extreme outcome as less likely and therefore assign
less importance to it.

But the SRES scenarios are not assigned probabilities. That’s normal when working with scenarios. The whole
point of a scenario exercise is to cover the full range of possible futures. But this also implies that scenarios
should not be used as forecasts, because a forecast doesn’t make sense without a discussion of probability.
Meteorologists only make weather forecasts extending 3-5 days into the future. The reason why they don’t
make longer forecasts is that the probability of being right gets too small. The SRES scenarios are used to
make forecasts. In other words, the SRES team abuses the scenario method.

Improbable High End Scenarios

The following section shows that the high end temperature projection (which is being used as a forecast) is
based on two scenarios which again are based on assumptions that have a very low probability, especially
combined.

The six marker scenarios were based on very diVerent assumptions about the parameters listed above. It is
therefore not surprising that they produce very diVerent result in terms of carbon emissions as shown in
Figure 1.59

At the low end, the B1 scenario produces cumulative emissions by 2100 of 983 gigatons. At the high end the
A1FI scenario produces emissions of 2.189 gigatons, more than twice as much.

How do those results compare with historic emissions? Figure 2 shows emissions per capita over the past half
century.60

Until the beginning of the seventies carbon emissions per capita grew, but since then they have stabilised and
even declined slightly. This has happened despite considerable economic growth.

Ross McKitrick, Associate Professor at the University of Guelph, concludes that:

there is reason to believe that per capita CO2 emissions are somewhat invariant to economic growth,
at least at a globally averaged level.61

It would therefore seem reasonable that per capita carbon consumption in at least some scenarios was near
the current level of 1.1 tonnes of carbon. Nevertheless, the SRES scenarios are all above 1.2Ct per capita by
2020. Not one scenario follows the current trend of no growth!

56 UNDP (2002), p 193.
57 Maddison (1991), David Landes (1999).
58 SRES (2000), p 3.
59 IPCC (2000), Special Report on Emissions Scenarios, Summary for Policymakers, Table SPM-3a, p 17, Link: http://www.ipcc.ch/pub/

sres-e.pdf.
60 Gregg Marland, Tom Boden Carbon Dioxide Information Analysis Center, Link: http://cdiac.ornl.gov/ftp/ndp030/global99.ems
61 McKitrick (2003), p 14.
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The high end scenarios produce some results which are improbable. Figure 3 is based on two historic trend
lines of carbon consumption per capita. One is a projection of the high growth trend from 1950–73. It’s certain
that no time period in human history has had a higher growth rate in carbon consumption per capita than this
period. The other line shows the lower growth trend for the whole period from 1950 to 1999.

Figure 3 shows how the A1FI scenario62 overtakes even the fast growth trend by 2050. By 2100 , per capita
emissions in the A1FI scenario are more than four times the current level, and 25 per cent above the high
growth historic trend which was only sustained for a couple of decades in reality.

Not surprisingly the scenario also arrives at very high estimates of atmospheric concentration of CO2.
Currently, CO2-levels are increasing by approximately 0.4 per cent a year.63 Figure 4 shows how, by 2100,
atmospheric CO2 concentrations at the high end of the A1FI scenario reach a level 2.27 times what the current
trend would imply.64 The fact that the 1990s had both high global economic growth and probably the highest
nominal population growth ever (including all of the 21st century65) suggests that annual CO2-growth may
not increase much above the current 0.4 per cent.

The current trend for the second most important GHG, methane, is that the rate of growth has been decreasing
and the actual concentration is currently falling. Yet none of the scenarios follow that trend. Figure 5 shows
how the A1FI scenario predicts a concentration more than double the current trend.66

It is reasonable to conclude that the A1FI scenario depicts an extremely unlikely future. Nevertheless, it is this
scenario—and this scenario alone—which is responsible for the high end of the IPCC’s Third Assessment
Report temperature range of 1.3 to 5.8)C for the year 2100. The 5.8) forecast is arrived at by running the GHG
concentration figures of the A1FI scenario through the climate model with the highest sensitivity to increased
CO2. If it wasn’t for this scenario, the top temperature would be 1)C lower.67

If we ignore the 1)C which is produced by the A1FI scenario, we get a high temperature estimate of approx.
4.8)C. This is generated by running the A2 scenario through the most GHG sensitive climate model. The A2
scenario predicts yearly CO2 emissions by 2100 which are almost as exorbitant as the A1FI figures. But this
scenario gets there in a diVerent way. One of the tricks of the A2 scenario is a very high population projection.

Figure 6 shows the 2002 UN Population projection68. The medium population projection for 2050 is 8.9
billion. The high estimate is 10.6 billion. Nevertheless, the A2 scenario has 11.3 billion people in 2050, a figure
above the UN’s high estimate.

Unfortunately, the latest UN projection doesn’t go beyond 2050. But the 2000 median projection estimated
that world population would be 10.4 billion in 2100. In the new projection, the median figure for 2050 is revised
downward from 9.3 to 8.9 billion69 which implies that the forecast for 2001 would also be lower today. The
A2 scenario assumes a world population in 2100 of 15.1 billion70—50 per cent above the median estimate. The
A2 population is below the UN high projection of 18 billion, but few people consider that to be a likely
outcome. It’s not really a projection but a kind of “business-as-usual” scenario.

Secondly, and much more importantly, as figure 7 illustrates, the A2 scenario has a much higher share of coal
than any of the other scenarios. This is significant since coal emits more carbon per unit of energy than oil and
especially gas. On top of that A2 has a much lower share of zero carbon energy (renewable sources, nuclear
etc.).71In short, the A2 scenario assumes virtually no advances in energy technology over the next century. In
fact, the scenario assumes that a trend towards less carbon intensive energy sources—a trend which has
persisted for over a century—is actually reversed.

It is interesting to compare the A2 scenario with the A1T scenario. By 2100, the A2 has the second lowest world
GDP of all six marker scenarios: 243.000 billion (measured in USD at 1990). In comparison the A1T scenario
forecasts a world economy of 550.000 billion (1990 USD)—more than twice that size.72 Still, the A2 world
emits 28.9 Gt of carbon per year, which is 6.7 times more than the 4.3 Gt emissions that the A1T world
produces. In other words, the carbon intensity of the A2 economy is 15 times higher—this world needs fifteen
times more carbon per unit of GDP.

62 Own calculations based on tables SPM 1a and SPM 3a in the SRES Summary for Policymakers.
63 McKitrick (2003).
64 Gray (2002).
65 Lomborg, Figure 13, p 47.
66 Gray (2002).
67 IPCC (2001), Technical Summary of Working Group I Report, Figure 22, p 70.
68 UNPP (2002).
69 http://www.un.org/News/Press/docs/2003/pop850.doc.htm
70 IPCC (2000) Table SPM 1a.
71 Ibid., Table SPM 2a.
72 Ibid., Table SPM 1a.
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This diVerence illustrates the importance of expectations about future energy technology. The A2 and the A1T
scenarios represent two extremes in this respect. In A2 there is very little technological development, so the
world returns to coal as the primary source of energy. In A1T there is rapid technological development, and
non-carbon energy technologies begin to replace fossil fuels by the middle of the century. Are both scenarios
likely? The answer is probably no. The A1T scenario is likely, whereas the A2 scenario is not. The reason for
this is that the A2 scenario reverses a very long term trend whereas the A1T scenario merely continues (and
maybe accelerates) an existing long term trend.

Despite the fact that the share of coal in world energy supply has been decreasing over the whole of the 20th
century73 and no reversal of that trend seems in sight, the share of coal increases in the A2 scenario from the
current level of 23.5 per cent74 to 53 per cent.

For more than a hundred years the global carbon dioxide intensity of energy has been decreasing steadily, by
almost a third75. The A2 scenario inexplicably reverses this trend of decarbonisation.

Most of the literature on the subject of energy technology expects that one or more non-carbon technologies
will become competitive in the course of the 21st century. Both photovoltaic sources (solar energy) and
windmills show historic learning curves with a learning rate of approximately 20 per cent. In other words, a
doubling of cumulative installed capacity gives a 20 per cent reduction in costs. At that rate, wind energy will
be competitive within a decade or two and photovoltaic energy around 2050. Even models which are less
optimistic about the learning curve have alternative non-carbon energy sources overtaking fossil fuels before
the end of the 21st century.76

For the time being, gas is becoming an increasingly attractive alternative in much of the world and the price
of gas-generated electricity is falling. This is another trend which is reversed in the A2 scenario.

While nuclear energy has stumbled in Europe for political reasons, other parts of the world are expanding their
nuclear energy base rapidly, particularly Asia. Nuclear energy’s per centage share of global energy supply has
expanded from 0.9 per cent in 1973 to 6.8 per cent in 2000. There is also a learning curve for nuclear energy,
so the expansion of this energy source results in it becoming ever cheaper, so nuclear energy could be expected
to play a much larger role in the future.77

To summarise, while both the A1FI and the A2 scenarios are possible scenarios and maybe even “good”
scenarios within a framework of six very diVerent marker scenarios, they are not suitable for the forecast
exercise that the emissions output constitutes. Both scenarios have a very low probability since they are based
on a number of assumptions which seem unlikely given historical trends.

Conclusion: How much Warmer will the Climate be by 2100?

Table 1 summarises the basic steps that the IPCC needs to undertake in order to achieve the expected warming
interval (left hand column). For each step it lists what are widely considered to be the principal uncertainties
given current scientific understanding (right hand column).

Table 1:

Forecast exercise Principal uncertainties

Create scenarios for future emissions of —World GDP growth per capita and its distribution among
CO2 Low, Middle and High income countries.

—Population growth
—Composition of diVerent fossil fuels in total consumption
—Technological change, including shifts to non-carbon or low-

carbon energy sources, energy eYciency, carbon sinks etc.
Convert emissions to atmospheric —The life time of diVerent GHGs in the atmosphere
concentrations
Model radiative forcing and convert this —The sensitivity of the climate system to increased CO2

forcing to a projected temperature (feedback eVects of clouds, aerosols etc).
Natural climate eVects enhancing or counterbalancing
manmade eVect

73 IPCC (2000), SRES chapter 2.4.11 Carbon Intensity and Decarbonisation.
74 IEA (2002b).
75 IPCC (2000), SRES chapter 2.4.11 Carbon Intensity and Decarbonisation, Figure 2-11.
76 Nakicenovic and Riahi (2002); Chakravorty and Tse (no date).
77 Magné and Moreaux (2002).
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Through the forecast exercise, total uncertainty compounds as each new uncertainty is added. Each of the
parameters has a factor 2 uncertainty. The highest estimate is double the lowest estimate. But the result has a
factor 4 uncertainty. The highest estimate is four times higher than the lowest.

Adding a third parameter with a factor 2 uncertainty would gives us a high estimate which was 8 times higher
than the low estimate. Uncertainty compounds.

The short answer is that we simply do not know how much warmer climate will be in 2100. In fact, the degree
of (compound) uncertainty is so large that merely by providing temperature intervals, the IPCC is extremely
misleading. For many of the parameters even the degree of uncertainty is controversial, despite the IPCC’s
phoney confidence intervals. Climate science is not at a stage where it is capable of providing confidence
intervals, especially not for the earth’s climate almost one hundred years into the future. In fact even the term
“uncertain” is often misleading when it comes to climate science. Many things are not uncertain but simply
unknown.

The emissions scenarios produce growth rates of carbon emissions which are not in line with recent history.
Especially the high end scenarios, such as the A1F-scenario, seem completely unrealistic. Nevertheless, the
A1F-scenario provides the basis for the high end of the IPCC temperature range. According to the guidelines
for scenario use that most forecasters and futurists refer and adhere to, a scenario must be both possible and
probable. While the A1F-scenario is theoretically possible (and even that is debatable), it simply isn’t
probable.

As mentioned, temperature intervals do not make sense given current knowledge about the climate system.
However, since this is the game that the IPCC has forced upon us, we should examine the interval of 1.5—
5.8)C temperature increase which is the central IPCC projection. This interval is almost certainly way too high.
The upper estimate should be decreased by about 1)C because it is based on the unrealistic emissions of the
A1F-scenario, and by a further 1)C which results from the unrealistic A2 scenario.
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Memorandum by Professor Angus Maddison FBA

I am not an expert on climate change. I simply provide background material useful in analysing the historical
pattern and prospects of energy consumption, which may be of some use to your committee.

My submission has four main components:

(a) analysis of driving forces of economic growth 1820–2001 in the two successive lead countries, the
UK and USA, and those in Japan, the most successfuly catch-up country. It includes an estimate of
the movement of their energy consumption in this period;

(b) my projections of growth of population and GDP for 2001–30 for diVerent parts of the world
economy;

(c) analysis of the relation between the growth of world GDP and energy consumption (fossil fuels and
biomass) between 1820 and 2001;

(d) an explanation of the importance of using PPP converters rather than exchange rates in comparing
levels of performance between countries and in establishing measures of aggregate world output,
with an illustration of the implausibility of using exchange rate converters in historical analysis or
futurology (as in the IPCC, Special Report on Emissions Scenarios, Cambridge University Press,
2000).

World Development and Outlook 1820–2030: Its Implications for Energy Use

Historical Growth Accounts for Two Successive Lead Countries and the Most Successful Follower Country,
1820–2001

1. Table 1 presents growth accounts for the UK, USA, and Japan for 1820–2001. The first two were the
successive lead countries in terms of per capita income in this period, the UK to the end of the 1880s, the USA
thereafter. Japan was the most successfull of the follower countries, with a per capita level slightly above the
average for Western Europe in 2001, and a huge deceleration in growth since 1990. There are now growth
accounts of this type for about 40 countries, but none of the others go back to 1820.

Table 1 quantifies the strategic factors determining the growth experiences of the three countries over the
whole period of their “modern” economic growth. The first striking feature is the hugh increase in the stock
of physical capital, which was significant for non-residential structures, but sensational for machinery and
equipment. The ratio of the latter to GDP rose 16-fold in the UK and USA between 1820 and 2001, and in
Japan from 1890 to 2001. This increase was linked to the acceleration of technical progress, much of which
had to be embodied in machinery. The increase in human capital, measured by years of formal educational
experience of those in employment (weighted by the earnings diVerential associated with years of primary,
secondary and tertiary) was also linked to technical progress. The increasing complexity of production
processes required better educated people to make it operational, and the involvement of educated people in
R&D helped institutionalise the process of innovation. Here again, there was spectacular change. The
educational level rose eight-fold in the UK, 11-fold in the USA and Japan. International specialisation
increased very significantly. The ratio of foreign trade to GDP rose from 3 to 27 per cent in the UK, and from
2 to 10 per cent in the USA. Japan was an almost completely closed economy until the 1850s; between 1870 and
2001, the export ratio rose from 0.2 to 13 per cent. Natural resources scarcities were not a constraint; the land
area per capita fell 14-fold in the USA, about four-fold in Japan and the UK. The increase in energy inputs
was relatively modest in the USA (which made lavish use of its timber resources in the 19th century. Its per
capita energy consumption rose only three-fold from 1850 to 2001. The UK was able to make extensive use
of coal in the 19th century, and its per capita consumption rose only six-fold from 1820 to 2001. In Japan,
energy use was much more frugal in the 19th century, and per capita consumption rose 20-fold from 1820 to
2001. The composition of world energy consumption has changed drastically since 1820 when 94 per cent came
from organic matter. In 2001, mineral fuels accounted for 89 per cent. The input of human energy was very
significantly reduced. Hours worked per head of population dropped by 45 per cent in Japan, 40 per cent in
the UK and 20 per cent in the USA.
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Growth Projections for Leading countries, Regions and the World Economy to 2030

2. Table 2 shows absolute levels of GDP, GDP per capita and population for diVerent regions of the world
for 1900–2001, with a quantitative assessment of the outlook to 2030. Table 3 shows the rates of growth of
population and per capital GDP. The derivation of these estimates is indicated in the notes to the tables. My
GDP per capita projections for 2001–30 assume that the pace of development in the “West” will be similar to
that in 1990–2001. For China, I assumed a significant slowdown in the per capita growth rate. For the rest of
the world, I assumed that performance will be better than in 1990–2001. It is a fairly optimistic set of
assumptions, with a per capita growth about twice as fast in the rest of the world than in the West.

Past Relation between World Economic Growth and Energy Consumption

3. Tables 4a and 4b compare the growth of world population and GDP with energy use (in terms of both fossil
fuels and biomass) from 1820 to 2001. The energy intensity of GDP rose until 1900 (to 0.42 tons of oil
equivalent per $1,000) and fell in the course of 20th century (0.27 tons per $1,000 in 2001). Per capita energy
use at the world level rose about eight-fold from 1820 to 2001. The US Department of Energy estimated
CO2 emissions from fossil fuels from 1820, but did not take account of those from use of biomass,
consequently it exaggerates the rate of growth of total emissions since 1820, but understates their level.

The Need to Use PPP rather than Exchange Rate Converters in Assessing GDP Levels and makingWorld Aggregates

4. Within most countries, government statisticians provide regular estimates of growth of aggregate output
and expenditure in real terms, after correction for price change over time. Virtually all economists, journalists,
and politicians regard those constant price measures as key indicators of economic growth and fluctuations.

The purpose of PPP (purchasing power parity) measures is precisely analogous: to correct for inter-country
price diVerences to permit meaningful comparisons of levels of real output and expenditure. However, many
journalists, politicians and some economists don’t seem to realise this, and use exchange rates instead to
compare levels of real GDP. Thus Japan is frequently cited as having the world’s second biggest economy, and
China is sometimes considered to have a smaller economy than the UK.

Table 5 compares levels of GDP and per capita GDP for the world’s 10 largest countries. It demonstrates the
magnitude of the error which arises in comparisons using exchange rate conversion.

The exchange rate conversions on the right hand side show much lower levels for the poorer countries (China,
India, Russia and Brazil) and somewhat higher levels for the West European countries and Japan relative to
the USA than the PPP converters. In the case of China the exchange rate/PPP deviation was very large—
purchasing power was more than five times higher than the exchange rate. In India the ratio was more than
three times higher, in Russia twice as high and in Brazil more than 50 per cent higher. The big diVerential for
poorer countries is a fairly systematic outcome in such comparisons. For the West European countries and
Japan the diVerential is smaller and has varied above and below parity in the past two decades. The
implausibility of exchange rate conversion is clear in historical analysis. The results for 1950 with exchange
rate conversion imply a per capita GDP of $85 in China and $172 in India (both in 1990 prices). These levels
are much too far below subsistence to be credible.

The same implausibility arises when exchange rate converters are used in the long-term projections such as
those of the International Panel on Climate Change (IPCC), Special Report on Emissions Scenarios,
Cambridge University Press, 2000. On p 196, their A1 scenario for per capita GDP growth, 1990–2100, for
OECD and Asian countries projected a rise at an annual compound rate of 1.6 and 4.4 per cent respectively.
They took the initial 1990 average per capita GDP in OECD countries to be $19,200, and $500 in Asia (p 195,
Table 4–6), using exchange rate conversion. Applying the growth rates for their A1 scenario, they projected
levels of per capita GDP (in 1990 prices) in the year 2100 of $109,200 in OECD countries, and $71,900 in Asia,
a very substantial degree of convergence, where the income gap falls from 38:1 to 1.5:1. However, the outcome
would have looked very diVerent if they had started with PPP conversion in their benchmark year 1990. The
1990 per capita level for OECD countries would have been $19,263, and $2,117 for Asia (ex Japan). Applying
the same growth rates for 1990–2100, we would then have a per capita level in 2100 of $107,750 for OECD
countries and $241,421 for Asia (ex Japan). Thus the Asian countries would have achieved an average income
level more than twice that in OECD countries.
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Table 1

PROXIMATE AND MEASURABLE DETERMINANTS OF GROWTH SINCE 1820

UK USA Japan UK USA Japan
Gross Stock of Machinery and Equipment Gross Stock of Non-Residential Structures

Per Capita (1990 $) Per Capita (1990 $)

1820 92 87 na 1,074 1,094 na
1870 334 489 94a 2,509 3,686 593a
1913 878 2,749 329 3,215 14,696 852
1950 2,122 6,110 1,381 3,412 17,211 1,929
1973 6,203 10,762 6,431 9,585 24,366 12,778
2001 16,082 30,600 32,929 22,176 36,330 57,415

UK USA Japan UK USA Japan
Primary Energy Consumption Per Capita Average Years of Education*

(tons of oil equivalent) Per Person Employed

1820 0.61 2.45b 0.20 2.00 1.75 1.50
1870 2.21 2.45 0.20 4.44 3.92 1.50
1913 3.24 4.47 0.42 8.82 7.86 5.36
1950 3.14 5.68 0.54 10.60 11.2 9.11
1973 3.93 8.19 2.98 11.66 14.58 12.09
2001 3.94 8.00 4.10 15.45 20.21 16.61

UK USA Japan UK USA Japan
Land Area Per Capita (hectares) Exports Per Capita (1990 $)

1820 1.48 48.1 1.23 53 25 na
1870 1.00 23.4 1.11 390 62 1.5
1913 0.69 9.6 0.74 862 197 33
1950 0.48 6.2 0.44 781 283 42
1973 0.43 4.4 0.35 1,684 824 875
2001 0.41 3.3 0.30 5,447 2,843 2,696

UK USA Japan UK USA Japan
Hours Worked Per Head of Population GDP Per Man Hour (1990 $)

1820 1,153 968 1,598 1.49 1.30 0.42
1870 1,251 1,084 1,598 2.55 2.25 0.46
1913 1,181 1,036 1,290 4.31 5.12 1.08
1950 904 756 925 7.93 12.65 2.08
1973 750 704 988 15.97 23.72 11.57
2001 704 770 883 28.59 36.29 23.42

UK USA Japan UK USA Japan
Capital-Output Ratio Capital-Output Ratio

Machinery and Equipment/GDP Non-Residential Structures/GDP

1820 0.05 0.07 na 0.63 0.87 na
1870 0.11 0.20 0.10a 0.79 1.51 0.59a
1913 0.18 0.52 0.24 0.65 2.77 0.61
1950 0.31 0.64 0.72 0.49 1.80 1.00
1973 0.52 0.64 0.93 0.80 1.46 1.12
2001 0.80 1.09 1.59 1.10 1.30 2.77
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UK USA Japan UK USA Japan
Labour Productivity Total Factor Productivity

(annual average compound growth rates)

1820–70 1.10 1.10 0.18 0.15 "0.15 na
1870–1913 1.22 1.93 2.00 0.31 0.36 "0.05c
1913–50 1.66 2.47 1.79 0.81 1.62 0.20
1950–73 3.09 2.77 7.75 1.48 1.75 5.12
1973–2001 2.10 1.53 2.55 0.69 0.54 0.49

(a) 1890; (b) 1850; (c) 1890–1913; *) in equivalent years of primary education.
Source: Appendix K of Maddison, Monitoring the World Economy (1995, pp 252–55), amended and
updated.

Table 2

GDP PER CAPITA (1990 INT $)

1900 1950 1990 2001 2030

W Europe 2,893 4,579 15,966 19,256 30,503
USA 4,091 9,561 23,201 27,948 44,286
*Other WO 3,435 7,424 17,902 21,718 42,694
Japan 1,180 1,921 18,789 20,683 32,774
“West” 2,952 5,649 18,781 22,509 35,932
E Europe 1,438 2,111 5,450 6,027 12,334
f USSR 1,237 2,841 6,878 4,626 9,508
L America 1,109 2,506 5,053 5,811 8,949
China 545 439 1,858 3,583 11,174
India 599 619 1,309 1,957 6,103
Other Asia 802 918 3,084 3,997 12,465
Africa 601 894 1,444 1,489 1,987
“Rest” 749 1,091 2,713 3,377 8,304
World 1,262 2,111 5,157 6,049 11,689

POPULATION (MILLION)

1900 1950 1990 2001 2030

W Europe 234 305 377 392 392
USA 76 152 250 285 358
*Other WO 10 24 48 55 67
Japan 44 84 124 127 121
“West” 364 565 800 859 938
E Europe 71 87 122 121 120
f USSR 125 180 289 290 295
L America 65 166 443 531 666
China 400 547 1,135 1,275 1,477
**India 285 359 839 1,024 1,414
Other Asia 145 393 1,005 1,228 1,426
Africa 110 227 627 821 1,319
“Rest” 1,200 1,959 4,460 5,290 6,717
World 1,564 2,524 5,260 6,149 7,655
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GDP (BILLION 1990 INT $)

1900 1950 1990 2001 2030

W Europe 676 1,396 6,033 7,550 11,964
USA 313 1,456 5,803 7,965 15,851
*Other WO 34 180 862 1,190 1,914
Japan 52 161 2,321 2,625 3,975
“West” 1,075 3,192 15,020 19,331 33,704
E Europe 102 185 663 729 1,480
f USSR 154 510 1,988 1,343 2,805
L America 72 416 2,239 3,087 5,960
China 218 240 2,109 4,570 16,504
India 171 222 1,098 2,003 8,630
Other Asia 116 361 3,099 4,908 17,775
Africa 66 203 905 1,223 2,622
“Rest” 899 2,137 12,101 17,863 55,776
World 1,974 5,330 27,122 37,194 89,480

Table 3a

GDP PER CAPITA (ANNUAL AVERAGE COMPOUND RATE)

1900–50 1950–90 1990–2001 2001–30

W Europe 0.92 3.17 1.72 1.6
USA 1.71 2.24 1.71 1.6
*Other WO 1.55 2.22 1.77 1.6
Japan 0.98 5.87 0.88 1.6
“West” 1.31 3.05 1.66 1.63
E Europe 0.77 2.40 0.92 2.5
f USSR 1.67 2.24 "2.90 2.5
L America 1.64 1.77 1.28 1.5
China "0.43 3.67 6.15 4.0
India 0.07 1.89 3.72 4.0
Other Asia 0.27 3.08 4.26 4.0
Africa 0.8 1.21 0.28 1.0
“Rest” 0.76 2.30 2.01 3.15
World 1.03 2.26 1.46 2.30
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Table 3b

POPULATION (ANNUAL AVERAGE COMPOUND RATE)

1900–50 1950–90 1990–2001 2001–30

W Europe 0.53 0.54 0.34 0.00
USA 1.40 1.25 1.20 0.79
Other WO* 1.77 1.75 1.25 0.68
Japan 1.29 0.97 0.24 "0.16
“West” 0.88 0.87 0.65 0.30
E Europe 0.42 0.82 "0.05 "0.3
f USSR 0.74 1.20 0.04 0.06
L America 1.90 2.28 1.66 0.78
China 0.63 1.84 1.06 0.51
**India 0.46** 2.14 1.83 0.52
Other Asia 2.01 2.38 1.56 0.52
Africa 1.46 2.57 2.48 1.65
“Rest” 0.65 2.08 1.56 0.83
World 0.96 1.85 1.43 0.76

* Other WO refers to Australia, Canada and N Zealand.
** 1950 population including Bangladesh and Pakistan would have been 444 million, and growth rate 0.89.

Source: 1900–2001 from Maddison (2003), The World Economy: Historical Statistics, OECD, Paris.
Population projections 2001–30 derived from the medium variant of UN Population Division, World
Population Prospects, 2000 Revision, New York, 2001 and their World Population in 2300, 9 December 2003.
The projections of rates of change in per capita GDP are not the result of an econometric exercise, but are
based on an analysis of changes in the momentum of growth in diVerent parts of the world economy and the
likelihood of their continuation or change, see Maddison (2002) “The West and the Rest in the International
Economic Order” in Development is Back, OECD, Paris; this paper is also available on my website
www.eco.rug.nl/xMaddison/

Table 4a

WORLD ENERGY CONSUMPTION, CARBON EMISSIONS, POPULATION AND GDP, 1820–2001

tons of oil alleged
CO2 Primary Energy equivalent per cap metric

emissions million tons of oil equivalent GDP per cap per 1,000 energy tons
million billion GDP 1990 PPP use of CO2

metric modern population 1990 1990 Dollars of metric emissions
tons sources biomass total million int $ int $ GDP tons per capita

1820 12 12.9 208.2 221.1 1,042 695 667 0.32 0.21 0.012
1870 147 134.5 254.0 388.5 1,272 1,113 875 0.35 0.31 0.116
1900 534 502.4 322.8 825.2 1,564 1,974 1,262 0.42 0.53 0.341
1913 943 735.2 358.2 1,093.4 1,791 2,732 1,525 0.40 0.61 0.526
1950 1,630 1,624.7 504.9 2,129.6 2,524 5,330 2,111 0.40 0.84 0.646
1973 4,633 5,368.8 673.8 6,042.6 3,917 16,024 4,091 0.38 1.54 1.184
1998 6,649 8,427.7 1,062.4 9,490.1 5,915 33,833 5,720 0.28 1.60 1.124
2000 6,611 6,071 36,502 6,012
2001 9,071.5 1,093.5 10,165.0 6,149 37,194 6,049 0.27 1.65
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Table 4b

ENERGY USE PER $1,000 OF GDP (TONS OF OIL EQUIVALENT,
GDP IN 1990 GEARY-KHAMIS DOLLARS)

1820 1913 1973 1998 2001

USA 1.95 0.84 0.49 0.30 0.29
UK 0.36 0.66 0.29 0.21 0.20
Japan 0.30 0.26 0.19 0.20
China 0.57 0.27 0.25
India 0.39 0.28 0.27
Other Asia 0.22 0.17 0.17
former USSR 0.57 0.79 0.70
Africa 0.39 0.44 0.42
Latin America 0.20 0.20 0.20
World 0.32 0.40 0.38 0.28 0.27

Sources for Tables 4a and 4b: Modern sources are coal, oil, natural gas, water and atomic power; biomass is
derived from wood, peat, dung, straw and other crop residues. Conversion co-eYcients, one metric ton of
wood % 0.323 of oil; one metric ton of coal % 0.6458 tons of oil. 1973 and 2001 modern sources and biomass
from International Energy Agency, Energy Balances of OECD Countries 2000–01, Paris, 2003; and
Energy Balances of Non-OECD Countries 2000–01, Paris, 2003. Modern sources 1870–1950 derived from
W S Woytinsky and E S Woytinsky (1953), World Population and Production, Twentieth Century Fund, New
York, 1953, p 930, 1820 from B R Mitchell, European Historical Statistics, 1750–1970, Macmillan, London
(1975). Biomass 1820–50 assumed to be 0.20 tons per head of population, see V Smil,Energy inWorld History,
Boulder-Oxford (1994), pp 185–7 for rough estimates of biomass back to 1700. My estimate of biomass
1820–1950 is somewhat lower than Smil suggests. In 1973 world per capita supply of biomass was 0.17 and in
1998 0.18 of a ton. World population, GDP and per capita GDP from Maddison,World Economy: Historical
Statistics,OECD, Paris 1993 (see also www.eco.rug.nl/xMaddison/). CO2 emissions from US Department of
Energy, Oak Ridge (cdiac.esd.ornl.gov/trends/emis/); their figures exclude emissions from use of biomass. For
further detail on the figures for individual countries, see Maddison, “Growth Accounts, Technological
Change, and the Role of Energy in Western Growth”, Economia e Energia, Istituto Datini, Prato, 2002 (see
also Maddison website).

Table 5a

WORLD’S 10 LARGEST COUNTRIES: COMPARATIVE RANKING OF GDP LEVELS, 1950,
1990 AND 2001, AT CONSTANT 1990 PRICES, USING 1990 GEARY-KHAMIS PPP CONVERTERS

AND 1990 EXCHANGE RATES

1950 1990 2001 1950 1990 2001
GDP $ billion, with 1990 PPP conversion $ billion, with 1990 exchange rate conversion

USA 1,456 5,803 7,966 1,456 5,803 7,966
China 240 2,109 4,570 47 409 886
Japan 161 2,321 2,625 206 2,970 3,358
India 222 1,098 2,003 62 306 558
Germany 265 1,264 1,537 337 1,606 1,951
France 221 1,027 1,258 261 1,216 1,491
UK 348 945 1,202 363 985 1,253
Italy 165 926 1,101 191 1,069 1,272
Brazil 89 7,447 990 58 479 638
Russia 315 1,151 791 154 565 388
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1950 1990 2001 1950 1990 2001
GDP per head $ with 1990 PPP conversion $ with 1990 exchange rate conversion

USA 9,561 23,201 27,948 9,561 23,201 27,948
China 439 1,858 3,583 85 360 695
Japan 1,921 18,789 20,683 2,458 24,042 26,466
India 619 1,309 1,957 172 365 545
Germany 3,881 15,929 18,677 4,928 20,227 23,717
France 5,271 18,093 21,092 6,244 21,432 24,985
UK 6,939 16,430 20,127 7,266 17,131 20,985
Italy 3,502 16,313 19,040 4,046 18,846 21,996
Brazil 1,672 4,923 5,570 1,077 3,165 3,588
Russia 3,086 7,773 5,435 1,515 3,817 2,669

Table 5b

1990 EXCHANGE RATES, GEARY-KHAMIS PPPs AND ER/PPP RATIOS

units of national currency per US $
Each Rate PPP ER/PPP

USA 1.0000 1.0000 1.0000
China 4.7832 0.9273 5.1580
Japan 144.7900 185.2700 0.7815
India 17.5040 4.8769 3.5892
Germany 1.6160 2.0520 0.7875
France 5.4450 6.4500 0.8442
UK 0.5630 0.5870 0.9591
Italy 1,181.1000 1,384.1100 0.8656
Brazil 68.3000 44.0000 1.5523
Russia 1.0590 0.5200 2.0365

20 February 2005

Memorandum by Dr David Maddison, Senior Lecturer in Environmental Economics,
University College London

THE AMENITY VALUE OF THE CLIMATE
Introduction

1. EVorts to reduce greenhouse gas emissions are perceived to be very costly. Little is known, however, about
people’s preferences for a particular climate or their willingness to pay to avoid negative impacts of climate
change. Research work on the economic consequences of climate change has generally focused on changes in
productivity in sectors such as agriculture, energy and tourism or on the costs of sea level rise. The impact of
climate change on households has been largely ignored although I believe that it is here that the most profound
impacts of climate change will be felt. In this note I shall attempt to address the following questions: Do
households have preferences for particular types of climate and if so why? How do households reveal their
preferences for particular types of climate? Will households necessarily be damaged by climate change or will
some gain and if so who will gain and by how much?

2. Climate is an important input to many household activities. Climate influences our health and determines
our heating and cooling requirements, clothing and nutritional needs. Climate also fashions our leisure
activities and particular types of climate are known to promote a psychological sense of well-being. Climate
also has an indirect eVect on households’ welfare in that particular types of climate support fauna and flora
over which households may have preferences. It would be of no surprise to find that households living in
climatically diVerent regions are likely to purchase diVerent patterns of goods even if they face the same
incomes and the same prices: it is to compensate for or alternatively take advantage of particular types of
climate. Furthermore otherwise identical households living in diVerent climatic zones are likely to enjoy
diVerent levels of welfare. Finally there can be no presumption that changes in climate will necessarily be
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detrimental to households. It may be more helpful to think of climate change moving household closer to or
further away from an optimal climate.

3. In order to determine how good or bad climate change is monetary estimates of willingness to pay for
climate amenities are required. A number of methods have employed in this respect including: Hedonic
analysis; Migration analysis; Household Production Function approach; Hypothetical Equivalence Scales;
and Happiness studies. Before explaining these valuation techniques in more detail and discussing the evidence
that they yield on the question of to what extent do households value the climate it is worth pointing out that
all of these methodologies depend on non-testable assumptions. Some of these assumptions are more plausible
than others especially in the context of valuing climate amenities. There are also significant data problems
which researchers using these techniques have struggled to overcome. It would therefore be foolish to place
too much faith in the results of any one study. Only when multiple applications of the same technique in
diVerent contexts point in the same direction, and when diVerent methodologies produce similar results can
one feel more confident about drawing conclusions. I think that we are nearing that point.

Hedonic Analysis

4. If at the same time as being free to adjust patterns of demand individuals are also freely able to select from
diVerentiated localities then climate itself becomes a choice variable. The tendency will be for the costs and
benefits associated with particular climates to become capitalised into property prices and wages. Thus, across
diVerent locations there must generally exist both compensating wage and house price diVerentials and in such
cases the value of marginal changes in climate can be discerned from hedonic house and wage price regressions.
As an example, the observation that all else being equal property prices are higher and wage rates lower in
areas characterised by lower rainfall would be taken as evidence that households view rainfall as a disamenity.
By examining the increase in house prices and the reduction in wage rates associated with a one millimetre
reduction in rainfall one could derive the amenity value of rainfall to households.

5. The main advantage of using the hedonic technique to deduce the value of climate variables is that since
one is in eVect using current day analogues for future climate change it can be presumed that long-run cost
minimising adaptation has already occurred. Apart from its strong theoretical underpinnings and familiarity
it is in this sense that the hedonic technique possesses particular appeal.

6. Unfortunately the hedonic technique has some drawbacks when used in this context. Barriers to the
movement of households exist as would prevent them from bidding up the price of houses in locations with
desired climates. This problem is exacerbated because climate varies only over significant distances. A further
problem is that at any moment in time labour and housing markets are likely to be in disequilibrium. Many
other factors determine the desirability of a location and climate is unlikely to be the most important
determinant of locational choice. One therefore has to be concerned about the risk of mistakenly attributing
variations in house prices to climate when in reality they are best attributed to another variable not included
in the model.

7. Notwithstanding these diYculties Maddison and Bigano (2003) use the hedonic technique to analyse the
amenity value of the climate of Italy. They find that labour incomes net of housing costs are significantly higher
in areas with high July temperatures, high January rainfall and cloud cover and interpret this as evidence of
a compensating diVerential. Households are shown to dislike high levels of precipitation in January and high
temperatures in July. The latter results seem especially plausible since frequently debilitating July
temperatures are normal for Italy and this is clearly alarming in that climate change is predicted to increase
July temperatures in Italy. The most interesting finding however is that whereas the Milanese would be willing
to pay a significant amount to increase the fraction of clear skies in both January and July, people living in
other locations would not. Here there is a direct correspondence between one of the most unusual features of
the Italian climate—the persistent fogs in the Po Valley—and the results of the analysis. By contrast the
remainder of Italy enjoys relatively clear skies. The willingness to pay for a one unit change in climate variables
is given in Annex 1. The correct interpretation of these figures is for example that a household would be willing
to pay 648,000 Lira to avoid a 1()C) increase in July temperatures. Note also that the willingness to pay for a
one unit change in climate variables diVers with location. This is because the underlying climate of Milan and
Rome is diVerent and it provides evidence in favour of the existence of an “optimal” climate. These figures
could be combined with actual changes in climate to compute an overall estimate of the impact of climate
change on Italian households.

8. Rehdanz and Maddison (2005) use the hedonic approach to measure the amenity value of climate in
Germany. The evidence suggests that households in Germany are compensated for climate amenities mainly
through hedonic housing markets rather than labour markets. Houses are more expensive in areas with higher
January temperatures which the authors interpret as evidence that households are willing to pay for an
increase in January temperatures. Households are also willing to pay for a reduction in precipitation in
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January and a reduction in July temperatures. The results are very similar to those obtained from Italy
although obviously the climate of Italy is more varied than that of Germany and somewhat warmer. The
distinguishing feature of this study is that the authors have an abundance of high-resolution data and control
for diVerences in the level of over one hundred amenities. The authors show that the same results pertain of
sub-regions of Germany. There is in this study therefore little chance that the significance of the climate
variables is due to confounding. A number of other studies exist for the United States.

Migration Based Analyses

9. Hedonic studies focus on equilibrium outcomes whilst migration studies focus on the process of
equilibration. Migration decisions are made on the basis of diVerences in wage rates, housing costs,
employment possibilities. Do regions with more desirable climate ceteris paribus experience net inward
migration? How much extra income in the form of higher wages and lower property prices is necessary to
encourage a household to stay in an area with an unpleasant climate? Migration studies attempting to explain
the influx or outflux of individuals from particular regions can also be used to make inferences about the
amenity value of climate.

10. Cragg and Kahn (1999) consider migration patterns between diVerent states of the US. They consider the
propensity of individuals to move between states as a function of the characteristics of those states namely
wage rates, house prices and amongst several other things climate variables. The results indicate that
individuals appear to be paying thousands of dollars to enjoy preferred climates. More specifically the authors
find that individuals are attracted by high wintertime temperatures, low summertime temperatures, sunshine
and low humidity. Interestingly the authors are able separately to estimate the willingness to pay for climate
variables for individuals at diVerent stages of the life cycle. More elderly people have far stronger preferences
for climate which obviously accords with expectation.

11. There are many more studies of migration in which climate has been included despite not being the main
focus of interest. In virtually all of these studies climate variables have been found to be highly significant (see
Cushing, 1987 for a summary). This approach is an interesting adjunct to the hedonic approach although
Cragg and Kahn demonstrate that the results can diVer between the two approaches. It shares some of the
weaknesses of the hedonic approach namely the assumption that individuals are willing to move large
diVerences in order to realise the net advantages aVorded by diVerent locations and the risk of confounding.

The Household Production Function Approach

12. As household expenditures increase household expenditure shares typically change. The share of
household expenditure spent on some commodities declines whereas the expenditure share accounted for by
other goods tends to increase. Assuming that the number of children imposes fixed costs on the household how
much money would a family with children have to be given before it exhibited the same pattern of expenditure
shares as a household without any children? In the Household Production Function approach the diVerence
in income would be interpreted as the cost of the children and could be inferred by comparing the expenditure
patterns of households with and without children. In fact such an approach is regularly used in economics to
calculate the needs of households with diVering composition and the extension to climate variables is
straightforward. Analysing household expenditure patterns how much more income (if any) would a
household living in a cold climate require before it resembled a household living in a warmer climate in terms
of expenditure shares? One might imagine that a household living in a colder climate would experience greater
fixed costs in terms of its need for heating and warm clothes and would therefore need extra income before its
expenditure shares resembled those of a household inhabiting warmer climate. These extra costs represent the
amenity value of a warm climate.

13. In order to undertake a Household Production Function study for climate variables it is necessary to
possess data on expenditures drawn from households living in climatically diVerent zones. It is also necessary
to control for all the other factors that might explain why households exhibit diVerent commodity expenditure
shares such as diVerent prices, incomes and demographic variables. The advantage of the approach is that it
enables the researcher to understand why climate is of value to the household in the sense of what commodity
groups are sensitive to diVerences in climate. Unlike the hedonic and migration approach it does not require
one to assume that households are willing to move substantial distances to eliminate the net benefits of
diVerent locations. The weakness of the approach is that it assumes that the only role played by climate is
supplanting the need for marketed commodities such as heating and warm clothing.

14. Using a sophisticated version of the Household Production Function approach Maddison (2003) analyses
broad commodity consumption patterns for 88 diVerent countries by reference to prices, incomes, climate and
other demographic diVerences. The climate variables that he included (average temperature, temperature
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range and temperature deviations and similarly for precipitation) significantly contributed to explaining the
variation in demand especially for food and drink, clothing and footwear, and miscellaneous goods.
Surprisingly the demand for energy and housing were not aVected. He then calculates the change in the cost of
living imposed by a particular climate change scenario provided by the UKMO associated with carbon dioxide
doubling.

15. According to the simulations all of Northern Europe would benefit from limited climate change at least
insofar as amenity values are concerned. These gains are particularly pronounced for the United Kingdom
and Ireland. Italy on the other hand appears largely unaVected by climate change. Indeed, among the
European countries represented in the data set only Greece is adversely aVected by the hypothesised 2.5 )C
increase in annually averaged global temperatures. Turning to Asia, a completely diVerent picture emerges
with the majority of countries losing from the predicted climate change scenario. The highly populated
countries of India and Pakistan are particularly hard hit. All the African countries represented in the data set
appear to lose from predicted global climate change. In North America, the United States is largely unaVected
by climate change. Further north Canada enjoys a reduction in the cost of living. Mexico on the other hand
suVers a large increase in the cost of living.

16. Although this study is wide in its ambit a major defect is the fact that each country is assumed to represent
a homogenous climatic zone. This is not unreasonable for a small country like a Caribbean island but wholly
implausible for a country like the United States. Maddison attempts to overcome this problem by using a
climate index that is weighted according to the population of the main cities in each country but this is no
substitute for possessing micro-economic data.

Hypothetical Equivalence Scales

17. In the Hypothetical Equivalence Scales approach a sample of individuals are asked whether they would
describe an income of $X as good, bad or neither good not bad for someone in their particular circumstances.
Amount $X is varied across the sample and the results analysed using regression analysis to determine what
factors the respondents implicitly believe mean that their household requires higher incomes to reach any
arbitrarily defined level of welfare. Individuals’ answers seem to reflect the size and composition of their
household. For example, individuals with a larger number of children tend to declare that they need higher
incomes to reach the same level of welfare.

18. The underlying assumption of this technique of course is that individuals share a common understanding
of what constitutes a “good” and “bad” standard of living. Evidence suggests that this is not a wholly robust
assumption. Nonetheless this technique avoids the need to collect the diYcult to obtain data on expenditure
patterns required for the Household Production Function Study. It also deals with situations in which climate
aVects welfare in ways other than through reallocation of expenditure.

19. Friijters and Van Praag (2001) present hypothetical equivalence scales for Russian households. Amongst
other things they find that implicitly individuals take account of climate variables in their verbal assessment of
particular income levels. The results indicate that Russians strongly prefer warmer winters. Put another way,
individuals living in areas of Russia enjoying warmer winters were happy to describe the same level of income
as “good” that someone living in an area characterised by colder winters would describe as “poor”. The values
identified by the Friijters and Van Praag study suggest that the gains to Russia from higher temperatures could
be very significant.

Happiness Analyses

20. Although it may seem bizarre at first blush psychologists have long invited individuals to state how happy
they are on a 1–5 scale. Recently economists such as Professor Richard Layard have started to use such studies
to examine whether growth makes people happy and whether inflation and unemployment make individuals
unhappy. Analyses of the economic determinants of happiness now appear with regularity in leading academic
economics journals such as the American Economic Review, the Review of Economics and Statistics and the
Economic Journal. In these studies happiness, welfare and utility are taken as being synonymous with one
another.

21. Although it appears very diYcult to explain cross-country diVerences in average happiness scores,
Rehdanz and Maddison (2005) use cross-country data on self proclaimed happiness to analyse preferences
for climate. Happiness is clearly potentially aVected by a large number of economic variables, demographic
variables, cultural variables, civil liberties as well as environmental variables like climate. Despite including a
sizeable number of variables in their attempts to explain international diVerences in happiness scores only per
capita income and climate are significant. It appears that low winter temperatures and high summer
temperatures make people unhappy—precisely what was found in the hedonic studies for Italy and Germany.
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22. Rehdanz and Maddison use their results to simulate the change in real GDP per capita necessary to hold
happiness (or welfare) at its current levels in the face of predicted changes in climate. Countries in high
latitudes like Canada, Norway, Finland, Sweden, Iceland, Denmark, Great Britain and Ireland gain from
climate change. Countries for which precipitation is expected to increase in previously dry months like Peru,
Venezuela or India are also likely to gain from limited climate change. The full results are shown in Annex 2
and are of course dependent upon climate model predictions regarding the expected pattern of climate change.
The proper interpretation of these figures is for example that an increase in GDP per capita of $138.58 would
compensate Argentinians for the kind of climate change predicted by 2039 under the business as usual
emission scenario. A negative sign as for example for Armenia means that the country would benefit from
climate change.

Conclusions

23. A large number of methodologies have now been used to measure the amenity value of climate in
monetary terms. Despite diVerences in geographical context, the quality of the data and the plausibility of the
underlying assumptions most studies indicate that climate is rather important to household welfare. It is
nonetheless diYcult to say whether diVerent methodologies produce similar results not least because they
characterise climate in a diVerent way (eg average temperature versus temperature deviations versus January
and July averages).

24. A number of the studies described in this note merely uncover household preferences for climate and
present their results in terms of willingness to pay per unit change. But being able to determine households’
preferences for climate change is only part of the story. To obtain the overall welfare impact it is necessary to
combine these preferences with estimates of the extent of climate change. Some of these approaches determine
the amenity value of climate to today’s households. Future households will be richer and face diVerent prices
for goods and commodities. This will aVect the perceived impact of climate change. It is an interesting question
whether future households will be more or less impacted by climate change. It is also interesting to speculate
whether poorer households are likely to be more aVected by climate change because the commodities on which
they tend to spend the majority of their income are those that can be supplanted by climate. Valuation studies
oVer the prospect of resolving these interesting and important questions.

25. On the basis of the research described in this note I do not know if the impact of climate change on global
amenity values will be positive or negative. In any case the amenity values presented in this paper are only part
of the overall impact of climate change: there are the changes in productive activities like agriculture and
forestry as well as the eVects of sea level rise and the loss of biodiversity. I do, however, feel secure enough to
assert that the impact of climate change will redistribute welfare between countries and that some countries
will gain from limited climate change. Two very diVerent studies both suggest that high latitude countries will
enjoy a significant increase in amenity values from climate change whereas low latitude countries will lose.

26. There is abundant scope for more elaborate attempts to estimate the amenity value of climate to
households here in the UK as elsewhere. For example, the data used to estimate amenity values used by all of
these studies was collected for another purpose and is generally aggregated over politically defined regions.
Much more accurate results could be obtained by using higher resolution data collected over climatically
homogenous zones. The valuation techniques described in this paper have been widely used to value other
environmental goods but there are very few applications to climate. It would be quite possible to conduct a
high quality hedonic house price study for the United Kingdom as well as a household production function
study. But there is resistance to valuing the impact of climate change in monetary terms and also to the idea
that climate change may be not detrimental to all countries. More than anything however there is simply
limited awareness of the possibilities aVorded by such techniques amongst researchers and those who fund
climate change research.

28 February 2005
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Annex 1

THE AMENITY VALUE OF THE CLIMATE TO HOUSEHOLDS IN ITALY (000s OF LIRA
PER HOUSEHOLD PER YEAR IN 1993 PRICES)

Milan Rome

January Temperatures ()C) "193 "386
July Temperatures ()C) "648** "711**
January Precipitation (mm) "42* "33**
July Precipitation (mm) "43 "58
January Clear Skies (%) 317* "443
July Clear Skies (%) 620** 110

Source: Maddison and Bigano (2003). Note that ** means significant at the 1 per cent level and * means
significant at the 5 per cent level of confidence.

Annex 2

CONSTANT HAPPINESS CHANGE IN GDP PER CAPITA (1995 USD)

Country Year 2039 Year 2069

Argentina 138.58 233.85
Armenia "75.89 "135.27
Australia 78.12 128.00
Austria 123.35 247.42
Azerbaijan "74.63 "116.75
Bangladesh "17.25 "79.69
Belarus "64.94 "116.33
Belgium 15.66 32.88
Bosnia—Hercegovina 158.89 276.68
Brazil 58.26 114.05
Bulgaria 244.03 421.09
Canada "354.08 "591.61
Chile 102.21 163.55
China 1.14 "0.14
Colombia 12.36 29.12
Croatia 219.44 380.28
Czechia 89.95 151.70
Czechoslovakia 89.95 151.70
Denmark "81.79 "147.89
Dom Republic 65.02 103.48
Estonia "31.93 "65.78
Finland "356.60 "612.47
France 123.77 210.12
Georgia "86.01 "152.52
Germany 12.70 21.61
Ghana 71.36 119.54
Great Britain "26.87 "53.56
Hungary 158.89 273.71
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Country Year 2039 Year 2069

Iceland "188.69 "323.90
India "28.52 "43.86
Ireland "28.35 "53.14
Israel 241.48 401.53
Italy 203.77 337.37
Japan "81.79 "142.00
Latvia "88.11 "155.47
Lithuania "76.73 "136.53
Macedonia 253.78 440.66
Mexico 166.08 283.89
Moldova 65.02 102.63
Montenegro 272.43 470.46
Netherlands "4.73 "12.02
New Zealand 38.54 59.10
Nigeria 180.48 304.25
Northern Ireland 17.68 34.86
Norway "271.45 "463.11
Peru "60.30 "66.20
Philippines 12.53 14.47
Poland 26.08 36.51
Portugal 218.17 368.38
Puerto Rico 37.86 60.37
Romania 233.85 389.63
Russia "75.89 "127.69
Serbia 219.44 395.15
Slovakia 136.46 230.89
Slovenia 189.37 328.87
South Africa 158.04 272.01
South Korea "95.27 "160.09
Spain 268.19 453.43
Sweden "272.29 "457.92
Switzerland 146.19 258.02
Turkey 298.31 500.27
USA 24.60 57.42
Ukraine "74.63 "133.16
Uruguay 147.04 260.14
Venezuela "33.07 "55.25

Source: Rehdanz and Maddison (2005).

Memorandum by Ross McKitrick, Associate Professor of Economics, University of Guelph

Introduction

I am an Associate Professor of Economics at the University of Guelph in Ontario, Canada. I specialize in
environmental economics and issues related to climate change. My research is funded by the federally-funded
Social Sciences and Humanities Research Council of Canada, through peer-reviewed grant competitions.

I am pleased that your Inquiry is taking up issues related to the IPCC process. I have observed this
organization very closely over the past few years and I believe a critical outside assessment is overdue. The
IPCC exerts tremendous global influence over energy, environment and climate policies, yet is eVectively
unaccountable. They have not won over any of their prominent critics since the mid-1990s, meanwhile new,
credible experts continue to come forward with doubts about the IPCC’s credibility.

In this submission I would like to explain two concerns I have regarding the IPCC:

— It appears to have little or no working relationship with the mainstream academic economics
community;

— It has exaggerated the rigor of its scientific review process.
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1. The lack of connection between the IPCC and the academic economics community

One of the striking diVerences between the Second Assessment Report of 1995 and the Third Assessment
Report of 2001 is the loss of participation of mainstream economists in the latter. A comparison of the lists
of chapter contributors (especially in Working Group II) between the reports will confirm that the IPCC could
no longer claim to have the participation of mainstream professional economists after 1995.

In recent years some economists have taken greater notice of the IPCC’s work because of the eVorts of Ian
Castles and David Henderson to focus expert attention on the “Special Report on Emission Scenarios”
(SRES). This has led to a growing body of criticism of the IPCC’s handling of economic issues. The SRES
does not use conventional economic modeling to produce what would normally be called “forecasts” or
“projections”. They call their outputs “storylines” and “scenarios” and emphasize that they are speculative,
yet at the same time they market the results as “predictions”. For example, the back cover of the SRES Report
states (emphasis added):

The [IPCC] Special Report on Emission Scenarios describes new scenarios of the future, and predicts
greenhouse gas emissions associated with such developments . . . The scenarios provide the basis
for future assessments of climate change and possible response strategies.

The list of contributors to the SRES and to the IPCC (WGII) Report78 includes a small and non-representative
sample of economists, amongst a long list of government bureaucrats and academics from other disciplines.
Moreover I know that some of the contributing economists are quite critical of the final Reports. One of them
is John Reilly of the Massachusetts Institute of Technology. In an article in Canada’s National Post (27
November 2002) he said that the SRES exercise was “in my view, a kind of insult to science” and the method
was “lunacy”. He said his lab refused a request from the IPCC to let their models be “tweaked” to support
the IPCC scenarios.

In Canada there is a large community of academic economists, many with an international reputation,
working in the fields of natural resource, energy and environmental economics. None of the participants in
our annual research study group, numbering close to one hundred members drawn from universities across
Canada and the US, is involved with the IPCC or had any hand in the SRES Report.

I recently completed a study,79 coauthored with Mark Strazicich of Appalachian State University, that
confirms the SRES emission scenarios are unrealistically high. We used time series econometric methods to
analyze data on per capita carbon dioxide emissions for 121 countries around the world. We are able to show
that the global per capita CO2 emissions level is a stationary constant (neither drifting nor trending upwards)
with a long term mean of 1.14 tonnes per person and a standard deviation of 0.02. The mean has not changed
for several decades, and indeed is trending slightly downwards since the early 1980s (see figure below). If
emissions average just over 1.1 tonnes per person, and population peaks (as expected) at about nine billion
mid-century, we can expect peak emissions of about 10 billion tonnes by 2050. Yet most IPCC scenarios are
between 15 and 30 billion tonnes at 2050, a range that sits well above the plausible upper bound.

78 For the Working Group II list see http://www.grida.no/climate/ipcc—tar/wg2/688.htm
79 McKitrick, Ross and Mark C Strazicich (2005). “Stationarity of Global Per Capita Carbon Dioxide Emissions: Implications for Global

Warming Scenarios” University of Guelph Department of Economics Discussion Paper 2005–03. (submitted for publication).
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Global Per Capita Carbon Dioxide Emissions in
tonnes per capita  
1950 - 2000 

 Trend after 1982 is - 0.001  tonnes/year

 
 (Data source –Oak Ridge National Lab, USA)
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We calculated the implied global per capita emission levels associated with each of the 40 SRES scenarios over
the next 50 years and computed the probability of observing each one. Only seven of the 40 SRES scenarios
remain within five standard deviations of the current mean through the year 2050. Many depart more than 10
standard deviations above the observed mean; eight lie more than fifty standard deviations above the
observed mean.

Most scenarios are so improbable they should never have been published in the first place. The seven scenarios
that we found remotely possible imply a range of total global CO2 emissions from 9.1 to 11.2 Gigatonnes as
of 2050, with a mean of about 10.1 Gigatonnes as of 2050. Yet, as I mentioned, the bulk of the SRES scenarios
imply emissions of 15 Gigatonnes or more as of 2050.

I should emphasize that what Mark Strazicich and I did was merely to apply some standard statistical tests
for evaluating economic forecasts. It would have been obvious to most economists to do so. In presenting it
to our colleagues a typical reaction is surprise that the IPCC didn’t check these things themselves. A recently
received comment (from one of the few academic economists in North America who has studied the SRES
scenarios closely) stated: “the key findings really are important. Essentially, I think they demolish the SRES
exercise—something that I think was overdue.”

The fact that the SRES document was used for the Third Assessment Report without discovering these (and
other) problems illustrates my first concern about the lack of serious economics capability in the IPCC milieu.

2. The exaggerated rigour of the IPCC review process

Of even more concern to me is that, even after serious flaws in the SRES have come to light, the IPCC has
chosen to use the same scenarios for the Fourth Assessment Report (AR4), even though it is not due out until
2007. In making this decision, the IPCC has eVectively communicated to the scholarly community that
external criticism will have little impact on its work. This further diminishes the incentive for outside experts
to bother checking over the IPCC Reports.

Another case I have been involved in recently illustrates both that experts in the field put little eVort into
critically assessing the IPCC’s work, and that the IPCC overstates the quality of its own internal peer review
system. In 2003 I got involved in a project with Stephen McIntyre, a mineral financing consultant in Toronto,
to replicate one of the central aspects of the IPCC case for global warming, the so-called “hockey stick”
graph80 of Mann, Bradley and Hughes. This graph purports to show that the climate of the late 20th century
is unusually warm compared to the past thousand years. Full details of our work are available on my web site81

and on a new web page set up by Mr. McIntyre (www.climateaudit.org).

The IPCC deliberately highlighted the Mann et al hockey stick. It appears five times in the TAR, each time
in bright colour and often occupying at least half a page. No other graph is so prominent. The IPCC Summary
for Policymakers (p 3) used this figure as the basis of its claim that it is likely “that the 1990s has been the
warmest decade and 1998 the warmest year of the millennium” for the Northern Hemisphere. The graph was
subsequently reprinted countless times and used by governments around the world.

80 Based on Mann, ME, Bradley, RS and Hughes, MK (1998) Nature, 392, 779–787 and Mann, ME, Bradley, RS and Hughes, MK,
(1999). Geophysical Research Letters, 26, 759–762.

81 http://www.uoguelph.ca/wrmckitri/research/trc.html
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Had the IPCC actually done the kind of rigorous review that they boast of, they would have discovered that
there was an error in a routine calculation step (principal component analysis) that falsely identifies a hockey
stick shape as the dominant pattern in the data. The flawed computer program can even pull out spurious
hockey stick shapes from lists of trendless random numbers, a point we showed in a recent article in
Geophysical Research Letters.82

Further scrutiny of this study has been stymied by the fact that the authors refuse to divulge most of the
computer code used to produce their results, a situation that the IPCC never took notice of nor has shown any
apparent willingness to remedy. However our replication of the method is suYciently accurate to prove that
it fails all basic tests of statistical significance. Corrected calculations show that the data in question do not
support the claim that the late 20th century climate is outside the bounds of observed natural variability,
opposite to the assertion by the IPCC.83

It was the IPCC that highlighted the hockey stick data as the canonical representation of the Earth’s climate
history. Due to a combination of mathematical error and a dysfunctional review process they ended up
promoting the exact wrong conclusion. How did they make such a blunder? They cannot claim that since they
surveyed thousands of articles they should not be expected to scrutinize each one closely. The vast majority
of articles they cite play little role in their main conclusions. The Summary for Policymakers highlighted three
lines of evidence: the hockey stick, the 20th century surface thermometer record and the climate model
forecasts. Having singled out the hockey stick there is no excuse for failing to exercise basic due diligence on it.

The hockey stick flew in the face of the more conventional representation of millennial temperature history,
which suggests conditions in the medieval era were relatively warm compared to today. Last year Steve
McIntyre and I received the following email from an IPCC expert reviewer.

“. . . I was one of a myriad of ‘reviewers’ of the IPCC 2000, prior to its publication. One of the major
concerns I expressed was the high level of credence given to the Mann et al temperature history,
without it having been seriously subjected to testing. I strongly recommended that this had some
dangerous implication, should the reliance upon that research prove premature . . .”

It is ironic that, despite having received such warnings, it took two people outside the IPCC process to provide
a critical reappraisal of the hockey stick. I think this points to the need for some external oversight to put
proper checks and balances into place.

3. Recommendations for governments that rely on the IPCC

In the private sector, no one would invest a million dollars in a mining project without putting the prospectus
through multiple layers of due diligence, including complete audits of supporting calculations by independent
professionals. Imagine if your financial advisor proposed putting a large fraction of your pension funds into
stocks of mining companies which have only released unaudited financial statements and promotional
brochures. No rational investor would consent to this, yet in setting large-scale climate policy, worth many
billions of dollars, this is eVectively what is happening.

The standard should be set very high for the information used in the policymaking process. I would like to see
the following initiatives considered.

— The economic aspects of the IPCC work, including its emission scenarios and model runs based
thereupon, should not be used for policymaking purposes until a representative panel of expert
economists has conducted a thorough critique. Such a panel should consist of experts fully independent
of the IPCC and government environment ministries, and should include, at minimum, experts in
growth theory, measurement theory and international economics. It should also include
representatives of government finance ministries and statistical agencies.

— A group of experts fully independent of the IPCC should be assembled immediately after the release
of any future IPCC Reports to identify the key studies on which the Report’s conclusions have been
based, and audit those studies, with a view to verifying that, at a minimum:

— The data are publicly available,

— The statistical methods were fully described, correctly implemented and the computer code is
published,

— If the findings given maximum prominence are at odds with other published evidence, good
reason is provided in the text as to why these findings have been given prominence.

82 McIntyre, S and McKitrick, R Geophysical Research Letters Vol 32, No 3, L03710 10.1029/2004GL021750 12 February 2005.
83 McIntyre, S and McKitrick, R Energy and Environment 16(1) pp 69–100.
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Any competent scientist can assess these things. My strong recommendation is that such a panel be drawn
from the ranks of competent mathematicians, statisticians, physicists and computer scientists outside the
climatology profession, to prevent the conflict of interest that arises because climatologists face career
repercussions from publicly criticizing the IPCC. Also, participation should exclude oYcials from
environment ministries, because of the conflict of interest entailed in the fact that environment ministries are
the main financial beneficiaries of the promotion of global warming fears.

I believe both initiatives are necessary, overdue and would carry only minimal costs. They ought to be taken
by governments proposing to use the IPCC Reports for policymaking purposes. For those who feel there is
no need for such “audits”, and that implicit trust can be placed in the IPCC not to make any serious mistakes,
my research over the past few years prevents me from sharing that optimistic assumption. Considering the
enormous costs of climate policy and the large budget allocations at stake, surely a modest investment in due
diligence is warranted.

24 February 2005

Memorandum by Professor Robert Mendelsohn, Yale University

1. It is a great honor to submit evidence to the House of Lords concerning the economics of climate change.
I have been studying climate change impacts intensively for the last 12 years. I believe our understanding of
climate change is now mature enough to make initial policy judgments about controlling greenhouse gases.
The problem is a long range one and the future is always uncertain, but it is clearly time to act. The question
is how to start.

2. Current estimates of climate change impacts are built using integrated assessment models (Nordhaus 1991).
These models begin with forecasts of future emissions and then predict the cascading chain of events. From
emissions, the models predict how the stock of greenhouse gases in the atmosphere change. This leads to a
change in radiative forcing (heating) which in turn gradually warms the oceans. After a long lag (30 years),
the oceans in turn lead to warming of the atmosphere. This change also aVects precipitation patterns. All of
these changes will aVect a number of physical phenomena such as runoV, sea level, ecosystems, and crop yields.
Finally, the models predict how these physical changes will aVect society; the damages and benefits to expect
over time. The models are now reasonably thorough about measuring economic impacts to agriculture,
forestry, energy, water, and coasts (Pearce 1996; McCarthy 2001). But the models do not yet do a good job
of capturing nonmarket impacts to biodiversity, ecosystems, and health.

3. One early assumption in the literature about impacts is that any change in the environment would be bad
for everyone. Climate change would lead to immediate harmful eVects for most every country in the world
(Nordhaus 1991; Cline 1992). Subsequent research has shown this assumption to be incorrect. In most sectors
that are sensitive to climate, climate response functions are actually hill-shaped (Mendelsohn and Schlesinger
1999). That is, each sector has an “optimal climate”. This implies that warming would actually be good for
regions that are “too cold” and harmful only for regions that are “too warm”. For example, agriculture in the
UK and especially northern and Eastern Europe would benefit from initial warming but agriculture in Africa
is likely to be harmed (Mendelsohn and Williams 2004b).

4. Initial climate research also underestimated adaptation and assumed victims would make few changes as
climate changed (Smith and Terpak 1989; Rosenzweig and Parry 1994). More recent research has revealed
that adaptation is very important in every sector. For example, farmers will alter the timing of planting and
harvests, switch crops, change production methods, and introduce irrigation all as adaptations to warming.
A study just completed in California reveals that a dry scenario which would leave the state with 25 per cent
less irrigation water. However, this would reduce net farming income by only 6 per cent, if water is reallocated
to high valued farming (Howitt 2005). Adaptation will reduce the damages from warming and increase the
benefits. Taking adaptation into account has reduced the overall impacts from climate change substantially.

5. Future economic growth has two large roles to play in climate change. First, economic growth will
determine the magnitude of future emissions. It is not the current or past emissions that make climate change
dangerous; it is future emissions. The faster the economy grows, the larger future emissions will become.
However, it is not just the size of the economy, but also its nature. Energy is the primary source of future
emissions as we burn inexpensive fossil fuels. If future growth entails less energy, emissions will be less.

6. Economic growth also aVects the damages from climate change. As climate sensitive sectors grow, the
climate damages to these sectors also increase (Mendelsohn and Williams 2004a). For example, as agriculture
and forestry grow, the absolute magnitude of the impacts in these sectors is expected to increase. In practice,
though, the fraction of GDP in climate sensitive sectors is likely to fall in the future. For example, agriculture
is projected to grow but less quickly than the rest of the economy. As a result, the magnitude of impacts from
climate change as a fraction of GDP may not increase over time even though the absolute damages will grow.
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7. The IPCC has done an excellent job of reflecting the science of climate change (Houghton et al 1996; 2001).
It is truly the authoritative voice for where the science stands. However, it has not done as good a job capturing
the economics of climate change. For example, there are serious deficiencies in the economic components of
the Third Assessment Report of the IPCC (Houghton et al. 2001; McCarthy et al. 2001; Metz et al. 2001).
The 2001 Report failed to provide good baselines of future economic growth in its SRES scenarios. The SRES
scenarios are fictional stories rather than empirically based projections of likely outcomes. This failure
undercuts the value of the climate projections that were based on the scenarios. The Third Assessment Report
also moved away from trying to quantitatively assess the value of the impacts of climate change so that they
can be compared with abatement costs. The Second Assessment Report actually did a better job of assessing
damages even though it had to rely on older literature (Pearce et al 1996).

8. There are many attempts to integrate the science and economics of climate change in the literature. This
line of inquiry began several decades ago with the building of the first integrated assessment model of climate
change (Nordhaus 1991). Since then, many groups around the world have built similar models. In addition to
the integrated assessment modelers, many others economists around the world have been active contributors
to the climate change literature. For example, CSERGE, led by David Pearce, has made many contributions
in the UK, Richard Tol from the Netherlands has done considerable research on climate impacts, IIASA in
Austria has been working on this problem for years, and there is an important group in Potsdam Germany.

9. Of course, with a problem as complex and long lasting as climate change, there is need for additional
research. The UK, with its strong commitment to economics and its solid foundation in science, is in an
excellent position to help. Better projections describing how the world will change in the long run are needed.
We need to know more about what our mitigation options might be in the future, not just at the moment. We
need to know more about the climate sensitivity of economic and especially nonmarket sectors (health and
ecosystems). We need to know what adaptation options are realistic in the future and what plans need to be
laid to make them happen. We need to know how climate change will aVect people across the globe, especially
in the low latitudes. We need to explore what institutions have to be created to encourage eYcient regulation
of greenhouse gases globally. The IPCC member governments and especially the UK have the skills and
resources to help considerably in this eVort.

10. The literature is becoming clearer and clearer that the distribution of impacts from climate change will be
striking (Mendelsohn, Dinar, and WiIliams 2005). The medium to high income countries in the mid to high
latitude countries will see benefits in some sectors (agriculture and forestry) that are at least as large as the
damages in other sectors (coastal and energy). In other words, the net damages to mid to high latitude
countries will be very small if not beneficial this coming century. The impacts to poor low latitude countries
will be harmful across the board. It does not matter whether one measures impacts in dollars, eVects per
person, or Purchasing Power Parity (PPP), there will be distributional impacts from climate change. Climate
change will hurt the poorest people in the world the most. The bulk of the damages from climate change this
century will be borne largely by the poorest quartile of the world’s population who live in rural impoverished
communities in the low latitudes (Mendelsohn, Dinar, and WiIliams 2005).

11. Current estimates suggest that there will be benefits to warming for mid to high latitude countries over
the first half of this century, which may turn to small damages by the end of the century. There will also be
net damages to low latitude countries that will start immediately and will get only worse over time as warming
progresses. Adding these eVects together, the global impacts from greenhouse gases will be small for the first
half of the century and only gradually become larger by the end of the century.

12. These results suggest that another ton of carbon will cause between 0–$5 of damage this decade. This
marginal damage will rise over time as the stock of greenhouse gases accumulate. Projected estimates of the
future marginal damage of carbon emissions lie between $50–$100 per ton by 2100. These marginal damage
estimates provide important guidance for how much to spend on mitigation costs. At the moment, one might
only want to spend up to $5 per ton. In the future, one would be willing to spend far more. Of course, current
policy does not lock future governments into specific mitigation policies. As each generation learns more
about climate change from both research and living with it, future societies can adjust their policies to take
into account new insights.

13. These results suggest an initial mitigation strategy that is relatively modest. It is consistent, however, with
what Europe is actually planning to do under the Kyoto agreement. Counting the shrinking economies of
Eastern Europe and Russia, Western Europe is planning only modest abatement expenditures this decade. The
recent abatement proposal for the United States (McCain-Lieberman bill) would also commit the US to a
modest program. These proposals will not stop climate change, they will only slow it down slightly. However,
modest commitments give the world a realistic opportunity to begin. A modest abatement program makes it
far more likely that every country in the world would be willing to participate. The world can then focus on
building global institutions to control greenhouse gases. Given how long it has taken the world to build
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institutions to support global trade, it is not too early to start building global institutions to control climate
change. Starting modestly and increasing abatement over time makes both economic and political sense.

26 February 2005
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Memorandum by Professor Nils-Axel Mörner, Head of Paleogeophysics & Geodynamics, Stockholm
University, Sweden President, (1999–2003) of the INQUA Commission on Sea Level Changes and

Coastal Evolution, Leader of the Maldives Sea Level Project

FACTS AND FICTION ABOUT SEA LEVEL CHANGE
MAY LOW-LYING ISLANDS AND COASTAL AREAS BE FREED FROM THE CONDEMNATION

TO BECOME FLOODED IN THE NEAR-FUTURE

Climate is becoming increasingly warmer we hear almost every day. This is what has become known as Global
Warming. The driving idea is that there is a linear relationship between CO2 increase in the atmosphere and
global temperature. The fact, however, is that temperature has constantly gone up and down. From 1850 to
1970, we see an almost linear relationship with Solar variability; not CO2. For the last 30 years, our data sets
are so contaminated by personal interpretations and personal choices that it is almost impossible to sort up
the mess in reliable and unreliable data.

Most remarkable in the record of climatic changes during the last 600 years are the cold periods around 1450,
1690 and 1815 and their correlation with periods of Solar Minima (the Spörer, Maunder and Dalton Solar
Minima). The driving cyclic solar forces can easily be extrapolated into the future. This would call for a new
cold period or “Little Ice Age” to occur at around 2040–50. Still, we hear nothing about this. It is as if IPCC
and the Kyoto Protocol enthusiasts want to “switch oV the Sun itself”. Let us take this, at least, as a piece of
information to rise our awareness and curiosity.

Fig. 1. The main Solar cycle in the last 600 years and its expected extension into the
future. .At Solar minima NW Europe, the North Atlantic and the Arctic have experienced
cold phases known as “Little Ice Ages”.  By year 20040-2050, a new Solar Minimum is to
be expected, and hence a new cold phase.

In the global warming concept, it has been constantly claimed that there will be a causal rise in sea level; a rise
that already is in the accelerating mode, in the near future to cause extensive and disastrous flooding of low-
lying coastal areas and islands. “It will be the death of our nation”, says the President of the Maldives, and the
people of Tuvalu in the Pacific claim that the flooding has already commenced.
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Is this facts or fiction? It is true that we are flooded by this information. But what lies behind this idea? And,
especially, what do the true international specialists think?

The recording and understanding of past changes in sea level, and its relation to other changes (climate, glacial
volume, gravity potential variations, rotational changes, ocean current variability, evaporation/precipitation
changes, etc) is the key to sound estimates of future changes in sea level.

The international organisations hosting the true specialists on sea level changes are to be found with the
INQUA commission on sea level changes and the IGCP special projects on sea level changes. When I was
president of the INQUA Commission on Sea Level Changes and Coastal Evolution, 1999–2003, we paid special
attention just to this question; ie proposed rise in sea level and its relation to observational reality. We
discussed the issue at five international meetings and by Webb-networking. Our opinion is illustrated in Fig
2. In view of the Fig 1 prediction, I have later revised the estimate for year 2100 to: !5 cm & 15 cm.

Fig 2: The sea level rise by year 2100 according to IPCC and its evaluation by INQUA

Prior to 5000–6000 BP, all sea level curves are dominated by a general rise in sea level in true glacial eustatic
response to the melting of continental ice caps. In the last 5,000 years, global mean sea level has been
dominated by the redistribution of water masses over the globe. In the last 300 years, sea level has been
oscillating close to the present level, with peak rates in the period 1890–1930 (Fig 3).

It is true that sea level rose in the order of 10–11 cm from 1850 to 1940 as a function of Solar variability and
related changes in global temperature and glacial volume. From 1940 to 1970, it stopped rising, maybe even
fell a little. In the last 10–15 years, we see no true signs of any rise or, especially, accelerating rise (as claimed
by IPCC), only a variability around zero. This is illustrated in Fig 3.
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Fig. 3. Observed sea level changes in the past 300 years and estimated changes by year 2100
(from Mörner 2004a).

With the TOPEX/POSEIDON satellite mission in 1992, we now have new means of recording actual sea level
changes. The record from 1992 to early 2000 (Fig 4) lacks any sign of a sea level rise; it records variability
around zero plus a major ENSO even in year 1997.

Fig. 4. Satellite altimetry of TOPEX/POSEIDON (from Mörner, 2004a).

When we three years later have the same record extended into year 2003 on the Webb, a tilt has been
introduced. This tilt does not originate from the satellite altimetry readings, however, but represents an
inferred factor from tide-gauge interpretations. In order to get back to true satellite data, we have to tilt the
whole record back to its original data of Fig 4. When this is done, there is no sea level rise to be seen—only a
variability around zero plus a number of high-amplitude ENSO oscillations (Fig 5). This is why I in Fig 3
conclude that the sea level remained stationary at around zero for the last 10–15 years (as further discussed
in Mörner, 2004a and 2005).

The tide-gauge introduced into the satellite data on the Webb seems to violate observational facts at sites
spread all over the globe; not least our NW European data covering both uplifted areas (Fennoscandia,
Scotland) as subsiding areas (the North Sea).
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Fig. 5.  Satellite altimetry data of TOPEX/POSEIDON tilted back to original level (excluding the
tide-gauge factor) providing a variability around zero plus ENSO events (from Mörner, 2005).

From 2000 to the present, we have run a special international sea level project in the Maldives including six
field sessions and numerous radiocarbon dates. Our record for the last 1,200 years is given in Fig 6. There are
no signs of any on-going sea level rise. It seems all to be a myth.

Fig. 6. Our sea level record from the Maldives (see Mörner et al., 2004).
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Tuvalu in the Pacific is often said already to be in the flooding mode. The tide-gauge record (Fig 7) for the last
25 years does not show any rise, however. The truth seems to be that a Japanese pineapple industry had
subtracted too much freshwater by that forcing saltwater to invade the subsurface.
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Fig 7. The Tuvalu tide-gauge record 1978–2003 showing stability around a zero level plus three negative
ENSO events (from Mörner, 2004c).

Venice is notorious for its flooding problems. It lies on a delta area subjected to subsidence. Therefore, the sea
level variations are superposed on a long-term subsidence trend (Fig 8). Any rise in sea level would
immediately worsen the situation. The last 30 years lack signs of any rise or accelerated rise, on the contrary
sea level fell (partly as a function of engineering work).
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Fig 8. Observes sea level changes (purple) superposed on a long-term subsidence trend (blue). At 1970 (green
arrow), there is a marked change in tendency, partly due to engineering work, but certainly seriously
contradicting a sea level rise and especially an accelerated sea level rise.

In conclusion; observational data do not support the sea level rise scenario. On the contrary, they seriously
contradict it. Therefore, we should free the world from the condemnation of becoming extensively flooded in the
near future.

There are more urgent natural problems to consider on Planet Earth like tsunamis, earthquakes, volcanic
eruptions, etc.

30 March 2005
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Memorandum by Professor Julian Morris, University of Buckingham84

Summary

Some claim that climate change will result in an increase in vector-borne disease, flooding, catastrophic
weather events, loss of biodiversity, changes in agricultural production and other problems. Yet these are
problems today and are either caused or are exacerbated by poverty. Tackling poverty is likely to be better
way to address these problems than attempting to control the climate.

Climatic change may turn out to be benign or harmful: we do not know. But in the context of this uncertainty,
policies that are narrowly focused on adaptation to possible negative eVects are short-sighted and may even be
counterproductive. Policies aimed at mitigation through control of atmospheric carbon are almost certainly
counterproductive.

Adaptive, sustainable development can come only through the adoption of institutions that enable people to
engage in economic activities that create wealth and lead to technological progress. Policies that rely on these
institutions provide the best way to deal with an uncertain climate future.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

84 NB this evidence is submitted in a personal capacity and not on behalf of the University of Buckingham. The views expressed are those
of the author and not of the University or any of its oYcers or employees.
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Introductory

1. Proponents of the Kyoto Protocol and similar proposals to limit emissions of greenhouse gases (GHGs)
have justified their case by asserting that climate change poses a grave threat, with a range of devastating
consequences for humanity, and that restricting emissions now is the best response to that threat.

2. The problem with this argument is that nearly all the alleged negative consequences of climate change (its
“impacts”) are in fact problems that humanity faces today. Future changes in climate may or may not make
these problems worse, but the fact remains that unless they are addressed directly, they will continue to remain
problems, regardless of attempts to limit human impacts on the climate.

3. Article 3 of the United Nations Framework Convention on Climate Change, to which the Kyoto agreement
is a Protocol, says that

“Policies and measures to deal with climate change should be cost-eVective so as to ensure global benefits at the
lowest possible cost,” and that “The Parties should cooperate to promote a supportive and open international
economic system that would lead to sustainable economic growth and development in all Parties, particularly
developing country Parties, thus enabling them better to address the problems of climate change.”

4. Meanwhile, “Measures taken to combat climate change, including unilateral ones, should not constitute a
means of arbitrary or unjustifiable discrimination or a disguised restriction on international trade.”

5. These qualifications suggest that the question we should ask ourselves is not, “what should we be doing to
limit human impacts on the climate”? Rather, we should ask, “what actions can we take that will most cost-
eVectively reduce the problems we face today that may be exacerbated by climate change”?

6. Imposing restrictions on GHG emissions is only one of many possible policy options—and it may well
not be the most cost-eVective option.

Alleged Effects of Climate Change

7. It is climate—that is to say the prevailing weather, not changes in the climate per se—that is a major
problem for most people on the planet. Heat and cold pose problems for human survival, both directly and
indirectly. Direct eVects include deaths from dehydration when it is hot, and deaths from hypothermia during
cold spells. Indirect eVects include impacts on agricultural productivity; both frosts and long periods of heat
can cause crop damage. Likewise, droughts, floods and storms also have both direct and indirect impacts on
humanity.

8. While the climate of a region—especially associated floods, droughts, storms, heatwaves and cold spells–
aVects everyone, it disproportionately aVects the poor. This is because poor people are less able to adapt than
are wealthy people. The wealthy are able to limit direct eVects by constructing robust buildings, with eYcient
heating and cooling systems. They also have wider access to the better warning systems aVorded by mass
media and communications technologies, which enables them to escape adverse events.

9. Still, some campaigners and scientists suggest that climate change will have a variety of incontrovertible
environmental eVects, including the loss of biodiversity and desertification. Both biodiversity loss and land
degradation are realities today but have little to do with climate change.

10. Biodiversity loss: the main reason for the loss of biological diversity globally is the conversion of habitat
for human uses, especially agriculture. While climate change may aVect biodiversity (positively or negatively),
improving the incentives of people to manage habitat sustainably is a far more urgent issue.

11. Desertification: the concept of desertification is highly contentious. Nevertheless, land degradation is a
real problem and, like biodiversity loss, is strongly related to the incentives people face when making decisions
about resource uses.

12. Flooding: Some allege that climate change will lead to rapidly rising sea levels, causing flooding in low-
lying areas and displacing large numbers of people. Whether or not this is the case remains unclear, but for
the purposes of argument, I will assume that it is true.

13. Bangladesh is often cited as a country particularly at risk because a large proportion of its 130 million
inhabitants live in a low-lying river delta which periodically experiences massive flooding and other severe
weather events.

14. But is climate change the real threat to Bangladesh? Compare with Holland, a country of around 11
million inhabitants, most of which lies below sea-level, which has not experienced a flood since 1953. Purely
on the basis of the threat of inundation from the sea, Holland should be more “at risk” than Bangladesh. So
why is Bangladesh so much more at risk of losing human life and experiencing economic losses from flooding
than Holland?
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15. The simple reason is that Holland has been a liberal democracy for over three centuries and has benefited
from more-or-less continuous economic growth during that period. By contrast, prior to independence in
1971, Bangladesh was ruled by a series of more-or-less oppressive absentee landlords (the Moguls, the British,
Pakistan). Since independence, it has been ruled by a series of more-or-less oppressive and/or incompetent
elected oYcials. As a result, and in spite of (perhaps even in part because of) billions of dollars in aid, the
majority of its inhabitants remain poor and disenfranchised, unable to control their immediate environment.

16. EVects on human health: Another alleged consequence of climate change is the spread of vector-borne and
bacterial diseases. As with climate in general, these diseases are a problem today and they aVect the poor far
more than the wealthy. Vector-borne diseases, such as malaria and dengue, are essentially diseases of poverty.

17. Many countries that are today wealthy once experienced levels of vector-borne diseases similar to those
now experienced by poor countries. In the fourteenth century, one-third of Europe’s population died from the
Black Death, which was spread by fleas that thrived on rats living in the sewers of medieval towns.

18. Today, every year between one and three million people, mostly children, die from malaria. A similar
number die from dehydration as a result of diarrhoea. Approximately two million people, mostly children, die
every year from respiratory infections which are largely brought on by indoor air pollution. Most of these six
million total deaths are of children, all of them are poor, and most of them preventable.

19. Wealthy countries have largely eliminated such diseases through a combination of environmental
interventions (such as the use of pesticides), improved water supplies (piping to the home and using chemical
decontaminants) and sanitation systems, improved energy delivery systems (including grid electricity),
improved agriculture (which has dramatically reduced malnutrition), and the development of vaccines and
medicines.

Economic Effects of Climate Change?

20. Activists, policymakers and others have also argued that changes in the climate will have negative
economic consequences, caused by a combination of changes in agricultural production, droughts and water
scarcity, movement of pests, and other ecological factors. Such claims are, however, highly contentious for a
variety of reasons. Predictions of widespread negative economic eVects are predicated on the assumption that
the earth’s climate will warm dramatically during the coming century. The IPCC upper estimate for warming
by 2100 is 5.6)C. To arrive at this upper estimate, the IPCC had to assume that emissions of GHGs will rise
dramatically. In fact, the scenario that leads to the 5.6)C prediction assumes that economic growth will occur
extremely rapidly and that coal will supply an increasing proportion of the energy that fuels this growth.

21. An increase in the proportion of energy derived from coal seems plausible in the short to medium term,
as poor populations shift from burning biomass (wood and dung) to more reliable and less polluting forms of
energy, such as distributed electricity produced by burning coal. In the longer term (eg post-2050), a switch
to other energy sources seems very likely. The implausibility of the assumption that coal use will increase
during the second half of the 21st century pales into insignificance compared to the absurdity of the economic
claim underlying the scenario. It is barely consistent to argue, on the one hand, that climate change will result
from rapid economic growth and, on the other, that climate change will have massively negative economic
impacts.

22. The only way these two assertions could be reconciled is if the growth occurs in some places, while the
adverse eVects occur elsewhere. But that is not the basis of the IPCC scenarios. Instead, in these bizarre
fictions, the world’s economies are assumed gradually to converge over the course of the 21st century. Now,
economic convergence in itself is not so improbable, even though it implies that by 2100 both Bangladesh and
the USA would have similar levels of economic output. The problem is that in order for that to happen,
Bangladesh would either have found a highly cost-eVective way of coping with any adverse eVects of climate
change, or it would not have suVered these adverse eVects. Either way, there appears to be a contradiction
between the economic scenarios that underpin the IPCC’s climate forecasts and the scary stories that the IPCC
tells on the back of these forecasts.

23. The IPCC’s median forecast for global-mean warming by 2100 is 2)C. Some argue that even this
dramatically overestimates the likely warming. But the good news is that warming of 2)C is likely to be largely
benign. Any GHG-induced warming is expected to be greater at high latitudes than at the tropics. A small
amount of warming at high latitudes would improve farming conditions by lengthening the growing season
and increasing the amount of precipitation. In addition, higher levels of carbon dioxide would enhance rates
of growth, further benefiting agriculture.
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Prosperity, Health and a Clean Environment

24. Empirical evidence from the past two centuries suggests that economic growth, human wellbeing and a
clean environment go hand-in-hand. Increased wealth is associated with improvements in nearly every aspect
of human well-being and environmental quality. Wealthier people live longer, are better nourished, have lower
mortality rates, have better access to clean water, sanitation, and education, and benefit from a cleaner
environment.

25. Environmental quality has improved dramatically over the course of the past century in rich countries,
with significant declines in air and water pollution. The air in London is now cleaner than at any time since
the sixteenth century. At the turn of the 20th century, British towns were plagued by smog caused in large
part by the burning of coal in relatively simple household fires. Over the course of the following four decades,
households gradually—and almost entirely voluntarily—switched to burning “town gas” in increasingly
sophisticated heating systems. The result was a dramatic reduction in pollution and associated ill-health. By
the time of the Clean Air Act of 1956, which mandated the replacement of coal fires with gas, electricity or
coal, the transition was already well under way.

26. Even indoor air pollution—among the most significant causes of early death amongst poor people
today—is improving as people in poor countries switch from poorly flued wood and dung fires to more eYcient
and cleaner fuels such as gas and electricity, or simply better, more eYcient stoves. But these changes are
possible only with increases in income, which enable the purchase of superior technologies and encourage
people to spend money on more eYcient goods because their time is no longer eYciently spent gathering wood
and dung for fuel.

27. Access to technology allows people to use their resources more eYciently, to be healthier and to live a more
benign existence. Such technologies are not an end in themselves: they allow people to work fewer hours and
with less eVort, to earn a living rather than subsist, to control their environment and to invest in the future of
their children, their community and their country, as well as their environment.

28. Economic development and associated increases in wealth, enhanced technologies and improved
infrastructure have been the primary drivers of the improvement in the lives of people globally. Increased
wealth means that can children go to school rather than working on the farm. Improved technologies enable
the eradication of water-borne diseases. Improved infrastructure means children can obtain the variety of
foods and medicines that will enable them to grow up and live healthy, happy, long lives.

29. Given the strong relationship between prosperity, health and a clean environment, the best policy for
reducing the vulnerability of people to potentially negative aspects of climate change is one that enables people
to become rich and thereby avail themselves of all the adaptive measures that the wealthy can aVord.

Institutions to Enable Adaptation

30. What is meant by these “institutions”? Institutions are the framework within which people act and
interact—they are the rules, customs, norms, and laws that bind humans to each other and act as boundaries
to human behaviour. Institutions reduce the number of decisions that we need to take; they remove the
responsibility to calculate the eVect of each of our actions on the rest of humanity and replace it with a
responsibility to abide by simple rules.

31. In a system in which rules emerge spontaneously and rules are selected by evolutionary processes, good
rules will tend to crowd out bad rules. That is to say, over time, rules that result in better outcomes will be
preferred to rules that result in worse outcomes.

32. If the focus were on the institutions of the free society rather than specific outcomes, political decision-
makers would be less able unfairly to favour special interests.

33. These institutions enable adaptation by fostering resilience in the face of uncertainty.

34. The absence of such institutions creates poverty and vulnerability to change in general.

35. The key institutions are property rights, contracts, the rule of law, open trade and good governance.

36. Property rights typically arise as a means of resolving competing claims over resources.

37. To function eVectively as an incentive to both use and conserve resources, property rights must be well-
defined, enforceable and transferable. In this way, property rights are capital; they give people incentives to
invest in their land and they give people an asset against which to borrow, so that they might become
entrepreneurs. The innovation of new technologies occurs when people are allowed to benefit from the
investments they make through ownership of property.
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38. However, poor countries generally lack well defined, readily enforceable property rights. Many people in
poor countries are oppressed by tenure rules which make it diYcult for them to rent, buy or sell property
formally. Land transactions typically involve paying large bribes to local oYcials, who have a vested interest
in maintaining the status quo.

39. Contracts: Another fundamental institution for adaptive, sustainable development is freedom of contract.
This includes both the freedom to contract—the freedom to make whatever agreements one desires, subject
to fair and simple procedural rules—and the freedom from contract—the freedom not to be bound by the
decisions of others. Freedom of contract is a fundamental part of the freedom to associate with others. It
includes the freedom to transact—to buy and sell property—and as such it is an essential adjunct to the right
to clearly defined and readily enforceable property rights.

40. Contracts and property rights underpin the functioning of markets. The freedom from contract prevents
others from attempting to interfere with one’s right to engage in exchange. The freedom to contract also
enables people to bind themselves to agreements and thereby creates greater legal certainty. This in turn
encourages people to engage in trade and investment. Armed with enforceable property rights and contracts,
the peasant becomes a merchant.

41. Rule of law: The rule of law, brokered by an independent and fair judicial system, is necessary to ensure
that property rights, contracts and the freedoms associated with a democratic and free society are upheld,
respected and enforced for all members of that society.

42. When the rule of law is absent—that is, when the power of discretion is vested in politicians, bureaucrats
and civil servants—this is a certain formula for bribery and corruption. In this situation, economic and
entrepreneurial activity becomes dependent exclusively on political manoeuvring rather than based on its
benefits to consumers and society.

43. Open trade: Open markets and free investment encourage competition. By removing barriers to trade, all
people can engage in mutually beneficial exchanges. This enhances competition, creates incentives for
innovation and leads to more rapid advances in human welfare and environmental protection. Removing
market-distorting taxes and subsidies, especially to agriculture and other products where people in poorer
countries have a comparative advantage, encourages economic development and benefits consumers.

44. Good governance: While there is no magic formula for good governance, it is enabled by transparency and
accountability amongst elected oYcials, bureaucrats and civil servants, and the elimination of practices which
are a source of corruption. Good governance would be achieved with more universal application of the rule
of law, and an understanding amongst people that the rule of law is higher than the discretionary power often
employed by governments.

45. The adoption of the institutions of the free society by poor countries would lead to:

— Improvements in water and wastewater management, thereby enhancing access to safe drinking
water, reducing deaths from diarrhoea and related diseases, as well as decreasing the incidence of
diseases transmitted by insects like mosquitoes that breed in stagnant water.

— Improvements in education and access to information, enhancing sanitation and reducing diseases
associated with improper sanitation, as well as other diseases.

— Improvements in access to aVordable, reliable and cleaner forms of energy and other life-improving
technologies, such as refrigeration, air conditioning, more eYcient building structures.

— More political, social and economic freedoms for all members of a given society.

— Enhanced environmental protection and better use of natural resources.

— Adoption of institutions would likewise encourage:

— Research and development of new energy, construction, transportation, food production,
heating and cooling technologies.

— Investment in infrastructure projects which are genuinely—rather than politically—useful.

— Faster transitions when changes, catastrophes and crises occur.

— Economic diversification and higher incomes—as people’s labour becomes more valuable,
fewer people are engaged in lower-value economic activities such as agriculture.
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How Can We Achieve Adaptive, Sustainable Development?

46. Sustainable development is a phrase often employed carelessly to imply that poverty, environmental
degradation, disease, and other problems aZicting the world are predominantly caused by, and therefore are
the responsibility of, wealthy countries.

47. An alternative view—and one that is more consonant with the thinking represented here—holds that the
world is generally improving and that the rich world in particular has adopted, for the most part, institutions
and policies that are sustainable. Broadly speaking, that means the institutions outlined above—property
rights, contracts, the rule of law and eVective legal systems, open trade and good governance.

48. According to this view, most of the problems of the poor world result not from the actions of those in
wealthy countries but from the adoption of unsustainable policies by governments in poor countries. Sadly,
as the plight of most poor countries suggests, few countries have come close to instituting such systems of good
governance and decentralised decision-making. In particular, attempts to plan economies have proved
disastrous in the Soviet Union and elsewhere. A lack of adequately defined and readily enforceable property
rights—often the result of well-meaning but utterly misguided government intervention—holds back
economic development in many countries, while red tape stifles entrepreneurial activity and perpetuates
poverty.

49. As a general rule, institutions that are compatible with human nature are more likely to result in
appropriate levels of environmental protection and conservation of natural resources. One institution in
particular—private property—has been shown to have such characteristics. When combined with the rule of
law, which enables people to enforce and transfer what they own, private property encourages individuals to
care for their property, for natural resources and for the environment.

50. While such institutions do not guarantee human happiness, they can be considered a critical step towards
humanity’s well-being. Uncertainty about the future has defined human existence. That is one of the reasons
the institutions of the free society have evolved: they help humanity more eVectively to cope with and adapt
to change.

4 April 2005

Memorandum by Dr Peter Read

The Ways in Which the Problem of Climate Change has been Assessed

1. I have researched the economics of climate change for the last 15 years with a recent explicit focus on
strategies for countering the threat of abrupt climate change. My 1994 book Responding to Global Warming
“Points toward a key strategy . . . which links energy and forestry, North and South” (Michael Grubb) and
is “a skilled attempt at fashioning policy and a deep foundation for thinking on the subject” (Thomas C
Schelling). In eVect that book and my subsequent work shows that the climate change problem is both more
urgent and more easily dealt with than in the conventional wisdom.

2. The Committee’s intent to leave aside consideration of control policies gives me some diYculty, since my
work treats the problem and the response holistically. However, I Annex the abstract for my presentation to
the Scientific Symposium “Stabilisation2005” held at the Hadley Centre 1–3 February . It is titled “Carbon
cycle management with increased photo-synthesis and long-term sinks” and I trust that the Committee will
find time to look into it and come to recognise that the nature of the problem, the nature of an eVective
response, and the distribution of costs and benefits are inextricably linked. Failure to recognise this has led to
the problem being wrongly assessed (mis-specified) as one of reducing anthropogenic greenhouse gas
emissions (largely CO2, largely from the energy sector) rather than using the mechanism provided by nature
to manage the level of CO2 in the atmosphere.

3. Energy related emissions are just over 5 per cent of CO2 terrestrial flows into and out of the atmosphere,
which suggests that mitigation investment in the heavily capitalised energy sector is likely to be less cost-
eVective than investment designed to increase photosynthesis on under-capitalised land. Accordingly, I have
argued that policy-driven land use change oVers lower cost response options than the conventional
environmental economics prescription of raising the price of the polluting activity, ie the cost of using fossil
fuels. Indeed, as outlined in the Annex, an eVective response yielding global economic benefits is available.
This reality has been overlooked in the intricacies of negotiating the Kyoto protocol, which has been informed,
since the adoption of the Berlin Mandate, by the outdated comparative static general equilibrium price
theoretics pioneered, as regards environmental policy, by Baumol and Oates in 1975.



3092982024 Page Type [E] 24-06-05 17:45:02 Pag Table: LOEANY PPSysB Unit: PAG2

280 the economics of climate change

4. By coincidence, it was also in 1975 that Schultz and Kneese commented in a Brookings Institute Report
that, “conflicts between material well being and environmental goods are, in the long run, ameliorated by
technological change” (or, implicitly, not at all). The economics of competing technologies is fundamentally
dynamic and not amenable to general equilibrium theorising. But it was at that time awaiting the pioneering
work of W. Brian Arthur, whose 1994 study Increasing Returns and Path Dependency in the Economy
demonstrates that simply “getting prices right”, eg by internalising the detrimental pollution externality, can
easily fail to stimulate the most beneficial technological path. While not suYcient, it is at least necessary to
incorporate into the analysis the dynamical benefits of learning-by-doing with desired and ultimately cost-
eVective new technologies, sloping the playing field enough to ensure they are adopted and that investment in
undesirable technologies is progressively reduced.

5. But not only is technological competition path dependant, so also is a negotiating process, with participants
extremely reluctant to reopen the can of worms that has been sealed by agreement at a previous meeting—the
dynamic is always to move on, building on previous agreement. So there was no prospect that the path adopted
after the Berlin Mandate would be influenced either by a reading of my book or of Arthur’s. However, the
impasse reached in negotiations for the post-2012 regime oVers prospect of adopting a more holistic
perspective than Baumol and Oates’s, for which the position adopted by the Bush administration towards
Kyoto may prove to be the grit in the oyster. Securing the pearl involves recognising the potential urgent
nature of climate change, seeing it as one of carbon management rather than capping emissions, and driving
the potential win-win-win technological changes that can radically alter the perceptions that appear to
underlie the Committee’s questions.

6. The nature of climate change is, along with the evolution of technological choice analysed by Arthur, an
example of non-linear dynamics (“chaos theory”). This suggests that the policy-makers’ (and negotiators)
vision of global warming as a gradual process, to which an appropriate response can be gradually developed,
may be incorrect. This intuition is substantiated by an understanding of the numerous positive feedback
processes that can contribute to climatic instability, as revealed by paleo-climatological research. These
include: the stability of the thermo-haline circulation that drives the North Atlantic “Gulf Stream”; the
accelerating release of methane as tundra thaws; the destabilisation of land based ice on Greenland and in the
West Antarctic Ice Sheet; the reversal of the CO2-fertilised biotic sink due to plant stress under raised
temperature, etc. Several of these, on latest reports to the above mentioned “Stabilisation2005” Symposium,
are giving increased concern on a decadal rather than millennial time-scale.

7. However, the Atmosphere-Ocean General Circulation Models that provide the basis for long run climatic
projections are generally less sensitive than nature and fail to reproduce the dramatic changeability of the
paleo-climatic record. Yet it is these Models’ projections that inform the gradualist perceptions of economists
and policy makers, as exemplified in William Cline’s 1992 study of “The Economics of Gobal Warming” and
embodied in the DICE model, which provides the work-horse for most policy-oriented analyses. Whilst
climate scientists constantly strive to reproduce the paleo-climatic record in model projections, the diYculty
of doing so with computer models, along with scientific conservatism, results in the message received by the
policy-making community being one of gradual change, for which the DICE-based prescription is for delayed
action pending improvements in technology and improved ability to pay, given continuing economic growth
(together with the pervasive influence of non-zero discounting). Thus the perceptions of economists have failed
to match the real concerns of scientists.

8. The evolving concept of CO2 capture and “sequestration”, stimulated mainly by US DoE funding (and
driven by coal industry survival concerns, in the face of prospective climate policy) led recently to the concept
of BECS “Bio-Energy with CO2 Storage”. BECS constitutes a “negative emissions energy system” (growing
biomass absorbs CO2; capturing the CO2 emitted, when the biomass is burned as bio-energy feedstock,
prevents it getting back to atmosphere). On a large enough scale, BECS can yield pre-industrial CO2 levels by
around mid-21st Century. Such management of the carbon cycle is order of magnitude better that can be
achieved with the zero-emissions energy technologies stimulated by an emissions cap and consequential high
price on emissions. It gives some prospect of eVective response, if the threat of abrupt climate change becomes
imminent. This led Bob Watson, former IPCC Chairman, to prompt the UN Foundation to support an expert
workshop on the policy implications of abrupt climate change, which I convened in Paris end September 2004
(please visit www.accstrategy.org for details).

9. This workshop concluded that the world would be better placed to respond to abrupt climate change in the
event it is shown to have become imminent, say in 2020, if by then there is in being a large scale global bio-
energy market with South-North trade in bio-fuels such as ethanol and Fischer-Tropsch bio-diesel. However,
large-scale bio-energy carries so many ancillary benefits that the abrupt climate change aspect comes last in
the list on page 2 of the Annex. In providing greater energy security (a concern of the USA) a WTO-acceptable
basis for farm support (an EU concern, given the high cost of agriculture in the recent East European
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accessions) and prospects of sustainable rural development with export led growth based on trade in bio-fuels
for many developing countries (a concern of G77) it is a prospectively negotiable way ahead for a “coalition
of the winning” after 2012, and hopefully sooner. In linking the Prime Minister’s dual concerns for climate
change and progress in Africa, it could provide a basis for G8 agreement during his Chairmanship.

10. Managing land so as to substantially increase the total amount of terrestrial photosynthesis, and hence
the supply of biomass, raises concerns related to the human “ecological footprint”. These neglect the reality
that natural ecosystems do not maximise the sustainable productivity of the land where they have evolved.
Such simple investments as stock-proof fencing to prevent animals destroying crops and plantations at the
seedling stage can improve on nature. Carbon fixing soil amendment yields environmental benefits, including
enhanced fertility and water retention. EYcient management of part of the land, in lieu of widespread
unsustainable traditional land management, can enable natural bio-diversity to flourish in conservation areas.

11. Such eYcient management can yield food and forestry products co-produced with bio-fuels on existing
cropland. Alternatively (and hence additionally) estimates of land requirements to eVectively mitigate all
current anthropogenic emissions of CO2 fall well short of the x1.5Gha of potential arable land (IPCC 2001)
that is not in use. So there is no shortage of land but of investment in land. Additional biomass can be used
in lieu of fossil fuel; its carbon content, in the form of bio-char (“charcoal”) can be used for soil amendment
with x5K-yr half life; or it can be used as wood, or in advanced materials such as carbon fibre, for long-lived
artefacts. Note that “defossilisation” is a far less daunting prospect for the energy sector than decarbonisation.
Biomass can be the basis for bio-fuels and bio-electricity using here-and-now technology (and with ample
prospect of technological improvement) that is highly compatible with fossil fuel technology and hence gives
rise to minimal “stranded assets” in the existing energy infrastructure.

How are the current estimates of the scale of climate change damage derived?

12. It is a mistake to balance costs and benefits in a situation of fundamental uncertainty since there is no
basis for establishing the probability distributions needed for the calculation of expected values. An alternative
approach (Chapter 3 of Responding to Global Warming) uses “decision theory” to determine a matrix of
outcomes under diVerent policy decisions and diVerent possible “states of nature” and to select policy options
that avoid the risk of unacceptable outcomes. In practical terms, this means directing scientific eVort towards
detecting thresholds and triggers for such outcomes as, eg, a failure of the Gulf Stream that keeps Europe
warmer than Siberia, and taking low cost steps to be prepared for eVective action if/when such a threshold
appears to be imminent.

How far do the estimates of damage depend on assumptions about future global economic growth, and how valid are those
growth assumptions?

13. As noted above, damage estimates under gradual climate change are an irrelevance since we have no basis
for estimating the probability of such gradual change. Economic growth may be brought to a standstill or put
into reverse by armed conflicts resulting from the failure of climate based production systems that are essential
to life, but which yield produce that is low-priced in the consumption patterns of advanced economies. The
DICE model treats all output as equally essential. However, growth is not inevitable but dependant on wise
policy and good fortune as regards the state of nature.

How does uncertainty about the scale of the problem and its impact affect the economics of climate change?

14. Uncertainty is inevitable in a non-linear dynamic system where small current events can radically change
the subsequent evolution of the system. This does not mean that such systems cannot be stabilised by suitable
negative feedback control mechanisms. But without eVective policy to create such mechanisms, uncertainty
is pervasive to the problem and invalidates much of the economics that has been done on climate change. There
is great uncertainty as to the climatic eVect of raised levels of CO2, similar uncertainty regarding the impacts
of these climatic eVects, moderate uncertainty about the pace of technological change, and some uncertainty
about its direction (that can be resolved by a well-conceived agreement between a “coalition of the winning”
on a technologically-oriented policy to secure the policy-desired direction). As regards the great uncertainty,
it should be noted that the IPCC’s Third Assessment Report range of 1.4 to 5.8 degrees Celsius by 2100 is a
range from the possibly benign to the certainly catastrophic, which should not be regarded as a continuum.
Furthermore, it emerged at the Stabilisation2005 symposium that this is only a 90 per cent confidence range
on a (subjective) probability distribution, and that the upper end of possibilities could be an extinction-
threatening 10 degrees Celsius.
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The Key Role of the Intergovernmental Panel on Climate Change

What has been the approach within the IPCC to the economic aspects of climate change, and how satisfactory has it
been?

15. The work of the IPCC is dominated by the published literature and therefore gives too much emphasis to
what is known and insuYcient warnings regarding the importance of what is not known. When what is
thought to be known is incorrect, this can lead to seriously wrong assessment. In making that comment I have
no wish to denigrate the devoted and largely unthanked contribution made by hundreds of scientists from both
the natural sciences and the social sciences. However, scientific conservatism leads to unwillingness to question
the outputs of other disciplines: economists accept the gradual change predicted by the climate models;
scientists accept economic folklore that getting prices right is eVective; few question that land use change is
costly and likely inequitable. The consequence has been that the contribution of economists to the work of the
IPCC has been poorly focused on the nature of the problem, which they have perceived in the Baumol-Oates
tradition of capping CO2 emissions rather than managing the carbon cycle.

Is there sufficient collaboration between scientific and economic research?

16. Furthermore the weight of scientific information contained in the IPCC’s Assessments is so great that
public perceptions are based on “Summaries for Policy Makers” that are the property of the member
Governments, with a process of line by line agreement ensuring an anodyne result. This masks the reality that
the division of the Assessments into working group 1 (climate science) working group 2 (ecological science)
and working group 3 (social science) inhibits inter-disciplinary collaboration in the assessment process. Added
to the rubric that its work should be “policy relevant but not policy prescriptive”, the eVect is that no
framework exists within the IPCC process in which natural and social scientists can work together to devise
an eVective response strategy. It is for that reason that the Expert Workshop that I convened last autumn (para
8 above) was organised outside of the IPCC process.

Could IPCC member governments, and the UK in particular, do more in future to contribute to the robustness of the
economic analysis?

17. As regards what is incorrectly known, it is not at all well appreciated within the economic profession that
the doubling of pre-industrial levels of CO2 was adopted within the climate modelling community as a basis
for model comparison and has no scientific basis as a criterion of what is a safe level. It was transferred to
economic analyses as a social construct, what economic analysts thought the policy-making community—and
the voters—would accept, given the analysts perceptions of the cost of response. These were in turn based on
“top-down” misperceptions of the cost of response based on macro-economic behaviour through decades of
low oil prices, interrupted only briefly by the OPEC price hikes. Nevertheless that episode stimulated enough
innovation to provide ample evidence of the availability of low cost “bottom up” response strategies which,
as noted above (para 4), require a technologically aware policy package for their eVective take-up.

18. IPCC member governments, possibly at the instance of the UK government, could improve the robustness
(relevance) of economic inputs by initiating a problem-oriented approach. As noted at the recent
Stabilisation2005 Symposium, this would involve reviewing the set of plausible unacceptable outcomes from
continued high levels of greenhouse gases—uniquely high in geological time going back over 1 million years—
and then providing a technological assessment of how to avoid such outcomes. The problem oriented
approach would then involve the description of alternative measures for driving such technological change,
only then followed by economic assessment of the cost-eVectiveness (see para 22) of such alternatives.

Who Bears the Brunt of Climate Change and of the Costs of Controlling it?

In monetary terms, the impact of change and the costs of control may be greater in rich countries than poor ones. But
is this an adequate measure?

19. The issue of equity in burden sharing and impact assessment using standard cost benefit techniques was
the subject of a major disagreement in relation to Chapter 6 of the IPCC’s 1995 second assessment report
(Working Group 3 contribution) where the summary for policy makers is at variance with the text of the
Chapter (which is the property of the authors, not the member countries). The problem arose because it was
unacceptable to some member countries that the value placed upon a statistical human life was lower than the
value placed in other, richer countries. Of course, the application of cost benefit analysis requires that
distributional issues have been settled elsewhere, eg by government at the national level. In the absence of
eVective supra-national government, the application of CBA trans-nationally is clearly inappropriate, a
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fortiori with a simple monetary calculus. The development of a strategy that yields multiple benefits rather
than costs, as with the Expert Workshop (para 8) proposal for a global bio-energy market (see Annex), may
help resolve some distributional issues.

What would be the relative costs and benefits of using resources, otherwise expected to be allocated to climate change
control, instead to expand international development assistance?

20. It has always been a concern of G77 countries that new and additional resources should be made available
through international transfers to defray any costs they incur in response to climate change mitigation and
adaptation. So far rather little has been forthcoming through the CDM and through GEF expenditures on
capacity building, a G77 grievance. But to terminate such flows and claim that compensating increases were
being made to oYcial development assistance, in a context of long term decline in such assistance, would rouse
suspicion of some sleight of hand. It would thoroughly muddy the waters as regards prospects of developing
country participation in the work of the UNFCCC. Yet such participation is essential for success in mitigating
climate change. Prospective growth of developing country emissions, under a business as usual pattern of
development in their energy sectors, will far outweigh anything that can be done to constrain industrial
countries’ emissions. Thus the cost of such a proposal will be the ultimate failure of the UNFCCC process.
Of course, if the view is taken (contrary to my views expressed above) that climate change damages are
certainly slight, and that such failure doesn’t matter, then—as pointed out by Thomas Schelling in his 1992
Presidential Address to the AEA—the best thing we can do for developing countries is to boost their growth,
making them better able to aVord the cost of the minor impacts, when they occur.

When are damages likely to occur and how satisfactory is the economic approach to dealing with costs and benefits that
are distant in time?

21. The discount rate employed in cost benefit analyses of climate change response strategies is usually taken
as exogenous, determined either “descriptively” (ie the risk-adjusted market rate of real return on investment)
or “prescriptively” (by reference to welfare theoretical assessments of the social rate of time preference). Apart
from the general inapplicability of cost benefit analysis in relation to a problem of pervasive uncertainty noted
above (para 12) the application of a decision theoretic approach in which some outcomes, under combinations
of foolish policy and an unkind state of nature, lead to low or even negative growth rates points to the need
for the discount rate to be endogenous to the scenario (and likely time variant) and not based on a history of
economic growth that is discontinuous under such scenarios.

22. It should be noted that the UNFCCC’s wording envisages cost eVectiveness analysis rather than cost
benefit analysis, an approach which greatly shortens the time horizon and leaves it to scientific experts to
determine how the ultimate objective under the Conventions Article 2 should be quantified. But as regards
inter-generational equity, work by GeoVrey Heal and collaborators, based on Rawlesian equity
considerations, suggests that—given present indiVerence between the welfare of generations 200 or 2,000 years
ahead—it is appropriate to single out a selection of “worst served” generations under any particular scenario
and to select policies that ensure they are no worse oV than the present. That—if I understand this very diYcult
work correctly, which is by no means certain—seems to me to be a reasonable basis for securing
intergenerational equity.

What other associated benefits might there be from reducing greenhouse gas emissions?

23. As discussed above, the attempt to respond to climate change by reducing emissions is costly and likely
doomed to failure through inability to secure international agreement on the deep cuts that are needed to
achieve stabilisation even at 550ppm by 2100, still more so in relation to stabilisation at the sharply lower levels
that may prove to be needed if the threat of abrupt climate change becomes imminent. Modest co-benefits may
follow from such a programme, in terms of reduced local pollution associated with more eYcient use of fossil
fuels, particularly in transportation, but these are trivial compared to the magnitude of the risks that are run
by neglecting the threat of abrupt climate change.

24. To reiterate the core message of this submission, climate change response must be seen in terms of carbon
cycle management rather than capping emissions. If that approach is taken after 2012, and hopefully before,
very great associated benefits can flow to the many land-rich but otherwise impoverished developing countries
that can become exporters of bio-fuels. The take-oV of sustainable rural development can be funded by carbon
credits financed ultimately by demands for energy services, especially personal mobility, in developed
countries. Numerous other benefits follow as detailed in the Annex, p 2. Crucial to the realisation of this
prospect is to seize the opportunity oVered by the breakdown of the Kyoto process that is ironically coincident
with its coming into force. The reality of this breakdown is manifest in the decision of COP10, meeting in
Buenos Aries in December, to hold an inter-governmental seminar in May to discuss possible ways forward.
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It is my hope, in providing this evidence, that the Committee will be persuaded to give its support to the expert
workshop’s recommendation to develop a large scale global bio-energy market.

1 March 2005

Memorandum by Professor Paul Reiter, Institut Pasteur; Paris

THE IPCC AND TECHNICAL INFORMATION. EXAMPLE: IMPACTS ON HUMAN HEALTH

Introduction

1. This evidence is presented to the Select Committee to provide a perspective on the role of the
Intergovernmental Panel on Climate Change (IPCC) in compiling and assessing technical information.

2. I am a specialist in the natural history and biology of mosquitoes, the epidemiology of the diseases they
transmit, and strategies for their control. My entire career, more than thirty years, has been devoted to this
complex subject. My research has included malaria, filariasis, dengue, yellow fever, St Louis encephalitis and
West Nile encephalitis, and has taken me to many countries in Africa, the Americas, Asia, Europe and the
Pacific. I spent 21 years as a Research Scientist for the United States Centers for Disease Control and
Prevention (CDC). At present, I am a Professor at the Institut Pasteur in Paris, and am responsible for a new
unit of Insects and Infectious Disease.

3. I have been a member of the WHO Expert Advisory Committee on Vector Biology and Control since 1998,
and a consultant for several WHO Scientific WorkingGroups. I have worked for the World Health
Organization (WHO), the Pan American Health Organization (PAHO) and other agencies in investigations of
outbreaks of mosquito-borne diseases, as well as of AIDS and Ebola haemorrhagic fever and onchocerciasis. I
was a Lead Author of the Health Section of the US National Assessment of the Potential Consequences of
Climate Variability and Change, and a contributory author of the IPCC Third Assessment Report (see below).
I have been Chairman of the American Committee of Medical Entomology of the American Society for
Tropical Medicine and Hygiene, and of several committees of other professional societies.

4. The comments that follow mainly deal with the Health Chapters of IPCC Working Group II (Impacts,
adaptation and vulnerability) in the second and third Assessment Reports, in which mosquito-borne diseases
have figured prominently. But first I need to give you some background on mosquito-borne diseases. I will use
malaria as an example.

Malaria

5. I wonder how many of your Lordships are aware of the historical significance of the Palace of Westminster?
I refer to the history of malaria, not the evolution of government. Are you aware that the entire area now
occupied by the Houses of Parliament was once a notoriously malarious swamp? And that until the beginning
of the 20th century, “ague” (the original English word for malaria) was a cause of high morbidity and
mortality in parts of the British Isles, particularly in tidal marshes such as those at Westminster? And that
George Washington followed British Parliamentary precedent by also siting his government buildings in a
malarious swamp! I mention this to dispel any misconception you may have that malaria is a “tropical”
disease.

6. The ague thirteen times in Shakespeare’s plays. In Shakespeare’s time, William Harvey dissected cadavers
of patients in St Thomas’s hospital who had died of the infection. Harvey was the first to describe the changes
in the consistency of the blood that result in the fatal complications caused by the infection. At the end of the
17th century, a certain William Talbor was knighted after he cured the King of an ague using a concoction of
quinine he had developed in the Essex marshes. He later sold his recipe to Louis XIV, became Chevalier
Talbor, and died rich and famous after curing many of the aristocrats of Europe.

7. All this occurred in a period—roughly from the mid-15th century to the early 18th century—that
climatologists term the “Little Ice Age”. Temperatures were highly variable, but generally much lower than
in the period since. In winter, the sea was often frozen for many miles oVshore, the King could hold parties
on the frozen Thames, there are six records of Eskimos landing their kayaks in Scotland, and the Viking
settlements in Iceland and Greenland became extinct.

8. Despite this remarkably cold period, perhaps the coldest since the last major Ice Age, malaria was what we
would today call a “serious public health problem” in many parts of the British Isles, and was endemic,
sometimes common throughout Europe as far north as the Baltic and northern Russia. It began to disappear
from many regions of Europe, Canada and the United States as a result of multiple changes in agriculture and
lifestyle that aVected the breeding of the mosquito and its contact with people, but it persisted in less developed
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regions until the mid 20th century. In fact, the most catastrophic epidemic on record anywhere in the world
occurred in the Soviet Union in the 1920s, with a peak incidence of 13 million cases per year, and 600,000
deaths. Transmission was high in many parts of Siberia, and there were 30,000 cases and 10,000 deaths due
to falciparum infection (the most deadly malaria parasite) in Archangel, close to the Arctic circle. Malaria
persisted in many parts of Europe until the advent of DDT. One of the last malarious countries in Europe was
Holland: the WHO finally declared it malaria-free in 1970.

9. I hope I have convinced you that malaria is not an exclusively tropical disease, and is not limited by cold
winters! Moreover, although temperature is a factor in its transmission (the parasite cannot develop in the
mosquito unless temperatures are above about 15)C), there are many other factors—most of them not
associated with weather or climate—that have a much more significant role. The interaction of these factors
is complex, and defies simple analysis. As one prominent malariologist put it: “Everything about malaria is
so moulded and altered by local conditions that it becomes a thousand diVerent diseases and epidemiological
puzzles. Like chess, it is played with a few pieces, but is capable of an infinite variety of situations”

10. The same goes for all mosquito-borne diseases—that is what makes them so fascinating—and even the
climatic factors defy simple analysis. Thus, in some parts of the world, transmission is mainly associated with
rainy periods, whereas in others, epidemics occur during drought. In some highland areas, the transmission
is highest in the warmest months, whereas in others, it is restricted to the cold season. In Holland, malaria was
transmitted in winter because the vector-mosquito did not hibernate, fed both on cattle and on people, and
overwintered in houses and barns, taking an occasional blood meal without laying any eggs (most female
mosquitoes bite in order to obtain nutrition to develop an egg batch). In the Sudan, low-level transmission
occurs during the 10–11 month dry season, when day-temperatures are in the mid-40s. The vector-mosquito
also shelters in houses, feeding occasionally on people and waiting for the brief rains in order to lay her eggs.
Peak transmission occurs in the cooler rainy season.

IPCC Second Assessment Report, Working Group II. Chapter 18. Human Population Health

11. This chapter appeared at a critical period of the climate change debate. Fully one third was devoted to
mosquito-borne disease, principally malaria. The chapter had a major impact on public debate, and is quoted
even today, despite the more informed chapter of the Third Assessment Report (see below).

12. The scientific literature on mosquito-borne diseases is voluminous, yet the text references in the chapter
were restricted to a handful of articles, many of them relatively obscure, and nearly all suggesting an increase
in prevalence of disease in a warmer climate. The paucity of information was hardly surprising: not one of the
lead authors had ever written a research paper on the subject! Moreover, two of the authors, both physicians,
had spent their entire career as environmental activists. One of these activists has published “professional”
articles as an “expert” on 32 diVerent subjects, ranging from mercury poisoning to land mines, globalization
to allergies and West Nile virus to AIDS.

13. Among the contributing authors there was one professional entomologist, and a person who had written
an obscure article on dengue and El Niño, but whose principal interest was the eVectiveness of motor cycle
crash helmets (plus one paper on the health eVects of cell phones).

14. The amateurish text of the chapter reflected the limited knowledge of the 22 authors. Much of the
emphasis was on “changes in geographic range (latitude and altitude) and incidence (intensity and seasonality)
of many vector-borne diseases” as “predicted” by computer models. Extensive coverage was given to these
models, although they were all based on a highly simplistic model originally developed as an aid to malaria
control campaigns. The authors acknowledged that the models did not take into account “the influence of
local demographic, socioeconomic, and technical circumstances”.

15. Glaring indicators of the ignorance of the authors included the statement that “although anopheline
mosquito species that transmit malaria do not usually survive where the mean winter temperature drops below
16–18)C, some higher latitude species are able to hibernate in sheltered sites”. In truth, many tropical species
must survive in temperature below this limit, and many temperate species can survive temperatures of –25)C,
even in “relatively exposed” places.

16. The authors also claimed that climate change was already causing malaria to move to higher altitudes (eg
in Rwanda). They quoted information published by non-specialists that had been roundly denounced in the
scientific literature. In the years that followed, these claims have repeatedly been made by environmental
activists, despite rigorous investigation and overwhelming counter-evidence by some of the world’s top
malaria specialists.85 Moreover, climate models suggest that temperature changes will be relatively small in the
tropics, and carefully recorded meteorological data—eg in the Brook-Bond tea estates in Kenya—shows no

85 In 2004, 10 of these specialists published a plea entitled “A call for accuracy” in The Lancet. Neverthess, environmental activists
continue to make this claim, undeterred by the evidence.
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demonstrable warming since the 1920s. The IPCC authors even claimed that “a relatively small increase in
winter temperature” in Kenya (!) “could extend mosquito habitat and enable . . . malaria to reach beyond
the usual altitude limit of around 2,500m to the large malaria free urban highland populations, eg Nairobi.
This despite the fact that in the 1960s the mosquitoes were present above 3,000m and Nairobi is at only 1,600m!

17. A similar claim was made that the dengue vector, Stegomyia aegypti was once limited to 1,000m in
Colombia but had “recently been reported above 2,200m” One of the authors (the activist with the 32 diVerent
specialities) had recently published a claim (in The Lancet) that dengue had reached 2,200m “in the past 15
years”. I had pointed out (again in The Lancet) that the publication he was quoting had categorically stated
that dengue was not found above 1,750m. Moreover, although the maximum altitude of 2,200 m for the
mosquito had been established (by two colleagues of mine) in 1979, this was the first ever investigation of the
issue, so there was no evidence of an increase in altitude! Since that time, he has abandoned the claim that
dengue has moved to higher altitudes, but still claims (eg in Janurary 2005 at a UNESCO conference in Paris)
that the mosquito has leapt from 1,000 to 2,200m in a matter of 15 years.

18. In summary, the treatment of this issue by the IPCC was ill-informed, biased, and scientifically
unacceptable. The final “Summary for Policymakers stated: “Climate change is likely to have wide-ranging and
mostly adverse impacts on human health, with significant loss of life . . . Indirect eVects of climate change
include increases in the potential transmission of vector-borne infectious diseases (eg malaria, dengue, yellow
fever, and some viral encephalitis) resulting from extensions of the geographical range and season for vector
organisms. Projections by models . . . indicate that the geographical zone of potential malaria transmission in
response to world temperature increases at the upper part of the IPCC-projected range (3–5)C by 2100) would
increase from approximately 45 per cent of the world population to approximately 60% by the latter half of
the next century. This could lead to potential increases in malaria incidence (on the order of 50–80 million
additional annual cases, relative to an assumed global background total of 500 million cases), primarily in
tropical, subtropical, and less well-protected temperate-zone populations”.

19. These confident pronouncements, untrammelled by details of the complexity of the subject and the
limitations of these models, were widely quoted as “the consensus of 1,500 of the world’s top scientists”
(occasionally the number quoted was 2,500). This clearly did not apply to the chapter on human health, yet
at the time, eight out of nine major web sites that I checked placed these diseases at the top of the list of adverse
impacts of climate change, quoting the IPCC.

20. The issue of consensus is key to understanding the limitations of IPCC pronouncements. Consensus is the
stuV of politics, not of science. Science proceeds by observation, hypothesis and experiment. Professional
scientists rarely draw firm conclusions from a single article, but consider its contribution in the context of other
publications and their own experience, knowledge, and speculations. The complexity of this process, and the
uncertainties involved, are a major obstacle to meaningful understanding of scientific issues by non-scientists.

21. In the age of information, popular knowledge of scientific issues—particularly issues of health and the
environment—is awash in a tide of misinformation, much of it presented in the “big talk” of professional
scientists. Alarmist activists operating in well-funded advocacy groups have a lead role in creating this
misinformation. In many cases, they manipulate public perceptions with emotive and fiercely judgmental
“scientific” pronouncements, adding a tone of danger and urgency to attract media coverage. Their skill in
promoting notions of scientific “fact” sidesteps the complexities of the issues involved, and is a potent influence
in education, public opinion and the political process. These notions are often re-enforced by attention to peer-
reviewed scientific articles that appear to support their pronouncements, regardless of whether these articles
are widely endorsed by the relevant scientific community. Scientists who challenge these alarmists are rarely
given priority by the media, and are often presented as “skeptics”.

22. The democratic process requires elected representatives to respond to the concerns and fears generated in
this process. Denial is rarely an eVective strategy, even in the face of preposterous claims. The pragmatic
option is to express concern, create new regulations, and increase funding for research. Lawmakers may also
endorse the advocacy groups, giving positive feedback to their cause. Whatever the response, political
activists—not scientists—are often the most persuasive cohort in science-based political issues, including the
public funding of scientific research.

23. In reality, a genuine concern for mankind and the environment demands the inquiry, accuracy and
skepticism that are intrinsic to authentic science. A public that is unaware of this is vulnerable to abuse. After
careful review of the pronouncements the Health chapter in Working Group II the IPCC Second Assessment,
it is my opinion that that they were not based on authentic science.
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IPCC Third Assessment Report, Working Group II. Chapter 18. Human Population Health

24. The third assessment report listed more than 65 lead authors, only one of which—a colleague of mine—
was an established authority on vector-borne disease. I was invited to serve a contributory author on the
health chapter

25. My colleague and I repeatedly found ourselves at loggerheads with persons who insisted on making
authoritative pronouncements, although they had little or no knowledge of our speciality. At the time, we were
experiencing similar frustration as Lead Authors of Health Section of the US National Assessment of the
Potential Consequences of Climate Variability and Change (US Global Change Research Program). After
much eVort and many fruitless discussions, I decided to concentrate on the USGCCRP and resigned from the
IPCC project. My resignation was accepted, but in a first draft I found that my name was still listed. I requested
its removal, but was told it would remain because “I had contributed”. It was only after strong insistence that
I succeeded in having it removed.

26. Our deliberations in the USGCCRP are “public domain”, ie they can be accessed by any member of the
public. This is not the case for the IPCC. The final documents of the USGCCRP included clear statements of
the complexity of the subject, and the limitations of models as predictors. We fought hard for the language of
the document, and prevailed against fierce opposition, even to the point of insisting on the inclusion of a large
map that clearly showed how dengue in Texas was limited by lifestyle, not climate.

27. My colleague was a top civil servant. He felt obliged to sit the IPCC project out, and to attempting to force
a compromise. In a sense I believe he (we) succeeded. The 2001 report is much more comprehensive, more
accurate, and gives a much better perspective of the diseases and their dynamics. The selection of references
was biased towards models that predict an increase in range and prevalence of mosquito-borne disease, but
there were refreshingly frank statements on the fundamental limitations of such models. Thus, the summary
for policymakers made the following statement: “Many vector-, food-, and water-borne infectious diseases are
known to be sensitive to changes in climatic conditions. From results of most predictive model studies, there
is medium to high confidence that, under climate change scenarios, there would be a net increase in the
geographic range of potential transmission of malaria and dengue—two vector-borne infections each of which
currently impinge on 40–50 per cent of the world population. Within their present ranges, these and many
other infectious diseases would tend to increase in incidence and seasonality—although regional decreases
would occur in some infectious diseases. In all cases, however, actual disease occurrence is strongly influenced
by local environmental conditions, socioeconomic circumstances, and public health infrastructure”.

28. Transmission models are not a forecasting device. They are merely a means for exploring the interaction
of a selection of relevant parameters. Moreover, there is no realistic way to test them in nature, nor any means
to determine the “confidence limits” of their “predictions”. No statistical evidence was given of the basis for
these confidence limits; they appear to have been a purely subjective judgement, with no clear evidence as to
why we should expect an “increase in incidence and seasonality” in the “present ranges” of malaria and dengue
with “medium to high confidence”. In my opinion, therefore, the sentence beginning: In all cases . . . should
have come before any mention of the models, together with a clear statement that the models were purely
speculative in nature.

29. Thus, despite the improved quality of the Third Assessment Report, the dominant message was that
climate change will result in a marked increase in vector-borne disease, and that this may already be
happening. The IPCC message has been repeated in the publications of other Agencies, often with inaccuracies
that appear to have their origin in the Second Assessment Report. Thus the US Environmental Protection
Agency persists in making the statement: ‘Global warming may also increase the risk of some infectious diseases,
particularly those diseases that only appear in warm areas. Diseases that are spread by mosquitoes and other
insects could become more prevalent if warmer temperatures enabled those insects to become established farther
north; such “vector-borne” diseases include malaria, dengue fever, yellow fever, and encephalitis’.

30. Activist organizations, such as the World Wildlife Fund, continue to quote the IPCC statement that
malaria can only be transmitted in regions where winter temperatures are above 16)C. Several such
organizations even claim that isolated cases of malaria in the USA and Canada during “particularly warm and
humid periods” are compatible with the IPCC projections.

IPCC Fourth Assessment Report, Working Group II. Chapter 18. Human population Health

31. It will be interesting to see how the health chapter of the fourth report is written. Only one of the lead
authors has ever been a lead author, and neither has ever published on mosquito-borne disease. Only one of
the contributing authors has an extensive bibliography in the field of human health. He is a specialist in
industrial health, and all his publications are in Russian. Several of the others have never published any articles
at all.
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32. The list of authors is of personal interest: I was nominated by the US Government to serve as a Lead
Author. Nomination is a formal process, involving government oYcers at the highest level.

33. When I contacted IPCC personnel (at the Meteorological OYce in Exeter) to see whether my nomination
had been accepted, I initially received the message: “The IPCC received over 2000 government nominations
during this process and most, such as yours, were of a very high standard. Unfortunately the IPCC Working
Group Two Bureau did not pick you to be an author, although all nominations were scrutinised and assessed”.

34. I replied with a question about the two Lead Authors that had been selected: “It is often stated that the
IPCC represents the worlds top scientists. I copy to you the bibliographies of (the two lead authors), as
downloaded fromMEDLINE. You will observe that (the first) has never written a single article, and (the second)
has only authored five articles. Can these two really be considered “Lead authors” with experience, representative
of the world’s top scientists and specialists in human health?”

35. I also pointed out that one Lead Author is a “hygienist”, the other is a specialist in fossil faeces, and both
have been co-authors on publications by environmental activists. I received the reply: “The selection criteria
for IPCC Authors are defined in the “Principles and Procedures Governing IPCCWork” available on the IPCC
website at: http://www.ipcc.ch/about/procd.htm (These ‘Principles and Procedures’ have been discussed,
amended and agreed by Governments at several IPCC Plenaries)”.

36. I pursued the question further, asking: (1) Who selects the Working Group/Task Force Bureau Co-
Chairs? (2) Who are the Working Group/Task Force Bureau Co-Chairs for Group II, Health Impacts? Where
is the Working Group/Task Force Bureau? (3) What are the criteria they use for identifying appropriate
experts?

37. I received two replies, the simplest of which read: “Thank you for your continued interest in the IPCC. The
brief answer to your question below is ‘governments’. It is the governments of the world who make up the IPCC,
define its remit, and direction. The way in which this is done is defined in the IPCC Principles and Procedures,
which have been agreed by governments. Please refer to my emails of 2 and 3 September for details on how to
access that information”.

38. In all the rules that were quoted, there was no mention of research experience, bibliography, citation
statistics or any other criteria that would define the quality of “the worlds top scientists”.

39. After all this correspondence, quite unexpectedly, I receive another message an IPCC person in Exeter:
“I was looking today at the Access database which we use to manage the government nominations for the Fourth
Assessment. I thought I would take the chance to check on your name. It turns out that you were not nominated
for the Health chapter. You were nominated for the regional chapters, the four synthesizing chapters (17–20),
and chapters 1 and 2”.

40. I contacted Washington. They sent me the full set of oYcial documents sent by executives of the Federal
Government. There was absolutely no doubt: I had been nominated as a Lead Author for the Health chapter,
and for several other issues that involved human health.

Summary

41. The natural history of mosquito-borne diseases is complex, and the interplay of climate, ecology,
mosquito biology, and many other factors defies simplistic analysis. The recent resurgence of many of these
diseases is a major cause for concern, but it is facile to attribute this resurgence to climate change, or to use
models based on temperature to “predict” future prevalence. In my opinion, the IPCC has done a disservice
to society by relying on “experts” who have little or no knowledge of the subject, and allowing them to make
authoritative pronouncements that are not based on sound science. In truth, the principal determinants of
transmission of malaria and many other mosquito-borne diseases are politics, economics and human
activities. A creative and organized application of resources is urgently required to control these diseases,
regardless of future climate change.

31 March 2005

Memorandum from Research Councils UK (RCUK)

Introduction

1. Research Councils UK (RCUK) is a strategic partnership that champions the research supported by the
seven UK Research Councils. Through RCUK the Research Councils together with the Arts and Humanities
Research Board (AHRB) are creating a common framework for research, training and knowledge transfer.
Further details are available at www.rcuk.ac.uk
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2. This memorandum is submitted by Research Councils UK on behalf of two of the Research Councils,
drawing on inputs from the Economic and Social Research Council (ESRC) and Engineering and Physical
Sciences Research Council (EPSRC) and represents our independent views. It does not include or necessarily
reflect the views of the OYce of Science and Technology (OST). RCUK welcomes the opportunity to respond
to this inquiry from the House of Lords Economic AVairs Committee.

Comments

3. The Research Councils recognise the importance of inter-disciplinary research on climate change and the
crucial role of research on the economic dimensions for under-pinning and informing future public policy
debates. RCUK believes that high quality, independent research on the economics of climate change,
alongside research into other aspects of climate change research in the physical, engineering, natural and
medical sciences, as well as other areas of social science outside economics, is indispensable to allow an
integrated assessment of the causes and impacts of climate change and potential responses to it.

4. The Research Councils support a diverse range of research into the economics of climate change,
particularly in terms of developing integrated models of the economic, social and environmental impacts of
climate change and of future technological change, policy options and scenarios.

5. The Tyndall Centre, established in 2000 with £10 million of funding from the Natural Environment
Research Council (NERC), EPSRC and ESRC brings together scientists, economists, engineers and social
scientists, who together are working to develop sustainable responses to climate change through independent
inter-disciplinary research and dialogue on both a national and international level—not just within the
research community, but also with business leaders, policy advisors, the media and the public in general. The
Tyndall Centre is continuing to take a lead role in developing a next generation Community Integrated
Assessment System (CIAS) which comprises a linked Community Integrated Assessment Model (CIAMn) and
a novel interactive stakeholder process. The CIAMn prototype links computer modules of the global climate
system, the global economy, climate impacts, and other key factors, from a contributing network of
institutions. The complete community-owned CIAMn model will harness prime international expertise in
integrated assessment of climate change to inform policy makers, NGOs, industry, and local stakeholders in
Europe and beyond. The Tyndall Centre has submitted separate detailed written evidence to this Inquiry.

6. “Energy Systems and Modelling” is one of the key themes of the UK Energy Research Centre (UKERC),
part of the Towards a Sustainable Energy Economy (TSEC) Programme funded by the EPSRC, NERC and
ESRC, in collaboration with the Biotechnology and Biological Research Council (BBSRC) and Council for
the Central Laboratory of the Research Council (CCLRC). Work under this theme will seek to integrate
previous top-down energy modelling approaches (represented by the work of Cambridge University’s
Department of Applied Economics, which builds in part on previous work funded in the 1990s under the
ESRC’s Global Environmental Change Programme) and bottom-up approaches (eg the work of Future
Energy Solutions and Imperial College for DTI using the MARKAL model) to develop whole-systems energy-
environment-engineering-economy (“E4”) modelling. This work will draw closely on research under
UKERC’s demand reduction, future sources of energy, infrastructure and supply and environmental
sustainability themes and is being conducted in close collaboration with the Tyndall Centre; a national energy
modelling network is also being created. The aim is to develop a comprehensive energy modelling capability
for the UK, comprising linked top-down models at the global, regional, national and sub-national levels,
interfacing with the range of bottom-up models that cover the main energy demand areas, carbon emissions,
the main energy supply technologies and carbon management. The Co-Director responsible for this theme,
The Policy Studies Institute has also separately submitted written evidence to this Inquiry. Further work on
energy markets and the economics of energy is currently under consideration as a part of the TSEC
Programme’s “Managing Uncertainties” Theme.

7. The ESRC Centre for Social and Economic Research on the Global Environment (CSERGE) (University
of East Anglia) has a long track record of pioneering environmental economics research, including research
on the economics of climate change. CSERGE uses social science analysis as a link between existing scientific
knowledge and policy guidance, with the aim of mitigating environmental problems in both developed and
developing economies. Current themes include multi-level governance and environmental policy integration;
social capital, equity and justice; and innovation in decision-support tools and methods and environmental
valuation. CSERGE has also submitted evidence to the Inquiry.

8. The £3.2 million initiative “Building Knowledge for a Changing Climate” (BKCC) is a partnership between
EPSRC and UK Climate Impacts Programme (UKCIP), designed specifically to improve understanding of
the multidisciplinary research challenges raised by the necessity to adapt UK buildings and infrastructure to
changing climate patterns. BKCC focuses on research solutions as part of adaptation strategies for the built
environment, while acknowledging that such adaptation strategies need to be consistent with UK strategies
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for economic, social and environmental sustainability. Each of the projects involves close collaborations
between research groups and users in the public and private sectors, including companies in the construction,
transport, financial services sectors and bodies such as English Heritage, The OYce of the Deputy Prime
Minister and The National Trust. The users provide a vital function in the projects, by steering them closely
to ensure that they produce research outputs that are useful in their decision-making processes. Users are also
providing input data for the research projects. These close collaborations are a key defining element of the
BKCC portfolio that covers:

— Climate Change Risk Assessment: New Impact and Uncertainty Methods;

— Construction of climate scenarios for the built environment, transport and utilities;

— Adaptation of Historic Environments to Moisture-Related Climate Change;

— Adaptable Urban Drainage—Addressing Change in Intensity, Occurrence and Uncertainty of
Stormwater;

— Climate Change Impacts assessment on the Electricity Supply Industry and Utilities;

— Adaptation Strategies for Climate Change in the Urban Environment;

— Biological and Engineering Impacts of Climate Change on Slopes;

— Economic and Social Information for Examining the EVects of Climate Change;

— Impact of Climate Change on UK Air Transport.

9. Innovative research at the University of Stirling, funded by ESRC, has recently combined a number of
diVerent models (including models of climate change, crop systems and farmer decision-making) to estimate
the impacts of predicted climate change on crop yields, land use, farm incomes and farmland biodiversity for
Scotland, and has given explicit consideration to how these impacts may vary regionally. The results of this
research suggested that climate change is likely to have a positive impact on Scottish agriculture. Such work
illustrates the complexity and variability in the likely impacts of climate change for diVerent regions, economic
sectors and groups in societies over diVerent periods in time and the crucial role that adaptive capacity and
response strategies play in aVecting these impacts.

RCUK Response to Questions

What has been the approach within the IPCC to the economic aspects of climate change, and how satisfactory has it
been?

10. UK economists have played a leading role in the Intergovernmental Panel on Climate Change (IPCC)
process. For example, contributions from economists at CSERGE to the IPCC process include the chapter
from CSERGE’s Professor David Pearce OBE (with Samuel Fankhauser) on the monetary value of global
damages from climate change in the 1996 IPCC Second Assessment Report, the work of Professor Kerry
Turner CBE as lead author with the IPCC Working Group II and Dr Neil Adger’s current role as Convening
Lead Author for the Fourth Assessment Report on adaptation to climate change. Scientists from a number
of NERC’s Research and Collaborative Centres contributed as authors or reviewers to the IPCC Third
Assessment Report and are contributing to the Fourth Assessment Report.

Is there sufficient collaboration between scientific and economic research?

11. The Research Councils recognise the need for such collaboration and are working closely together to
support inter-disciplinary research of this kind. The work of the Tyndall Centre and the UK Energy Research
Centre mentioned above provides examples of the substantial inter-disciplinary collaboration which is now
occurring between scientists and economists in providing integrated “whole-systems” assessments of climate
change issues. Such work is placing the UK at the forefront of international developments in inter-disciplinary
climate change research.

1 March 2005

Memorandum by Ms Rosemary Righter

1. I am an Associate Editor of The Times and former Chief Leader Writer. I write on international politics
and economics, and claim no specialised knowledge of environmental questions, although as author of an
anatomy of the United Nations, I do know something about the political and institutional complexities of
decision-making in an area that is inherently controversial because of its direct impact on domestic policies.
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2. My interest in management of the global environment goes back a long way, predating the vast 1992 UN
Conference on Environment and Development in Rio de Janeiro. I wrote at the time, and still believe, that
although that conference undoubtedly succeeded in its “consciousness-raising” goal of putting pressure on
governments to act, it led to an unwelcome politicisation of the environmental debate. It also marked a
departure from the careful, step-by-step, pragmatism of the admirable Montreal Protocol on the ozone layer.
Rio’s Agenda 21 filled nearly 800 pages and theoretically committed governments to no fewer than 150
programmes, divided into 2,400 tasks with an annual price tag of $600 billion. Oversight of this
stratospherically ambitious and unrealistic agenda was then given to the UN General Assembly, in a specially
created Ecosoc “Committee of the Whole”. The predictable consequence was a depressingly familiar and
unproductive rhetorical battle between “North” and “South”. Since then, environmental negotiations have
been subject to the artificial rigidities of bloc politics.

3. The Kyoto Protocol—with its blanket exemption for developing countries, and its reliance on emissions
ceilings and targets rather than a more flexible, multidimensional approach to climate change—is the
unfortunate result. Hence, also, the progressive politicisation of the work of the IPPC. I was not surprised to
learn, from evidence to your committee, that IPPC scenarios have been “adjusted”, under pressure from
African governments, so as to factor in far higher projected rates of Sub-Saharan growth than we have reason
to expect. The extent to which scientists and economists who question the IPPC’s more alarmist scientific
assumptions or the soundness of its economic projections are being frozen out of the “mainstream” debate is
even more deeply disturbing. As one frustrated scientist recently wrote to me: “Business interests, University
departments, Government laboratories and pressure groups all wish to promote findings that . . . attract
research grants, support their work, or generate subscriptions. Scientists have families and mortgages, so are
understandably keen that support for their jobs continues. Few are independent enough to voice facts that do
not support the majority view and they are condemned if they do.”

4. The media are influenced both by NGO pressure groups and by what they are insistently told by authority
is an “overwhelming” consensus on global warming. The phrase “scientific consensus” ought to produce a
tremor of doubt, since we admire scientists for their sceptical approach to received wisdom, but that is not the
case with climate change. Government press releases, doubtless with the honourable intention of making a
complex message simple enough to get it across and of establishing a “story line” that excites news editors,
tend to present “worst case scenarios” as established scientific fact. Reporting then, in turn, contributes to the
“greenhouse eVect” that has come to distort political decision-making.

5. Thus, particularly but not solely on this side of the Atlantic, the Kyoto Protocol is unquestioningly
accepted by public and politicians as a “good thing”—defective only in that its targets need to be even more
ambitious than they are. The US refusal to ratify the treaty is treated as proof of its contempt for the common
interest, and its insistence that this lopsided treaty will not in fact serve the common interest is dismissed as
disingenuous. The public, which has very little idea of the costs of complying with Kyoto ceilings, is being told
that these costs—and the costs of the far steeper emissions cuts to which the Blair Government is unilaterally
committed—simply “must” be met. They are not being told that even if implemented in full, by all 39 countries
on which the burden has been laid including the United States, the Kyoto treaty would have no more than a
negligible impact on global warming—or that, by contrast, its impact on the British economy, and on Britain’s
international competitiveness, could be severely negative.

6. Above all, they are not being told that there is the slightest uncertainty about the scientific projections on
which this policy has been based. Most people now accept the “scientific consensus” that global warming is
occurring, that heavy use of fossil fuels is mainly to blame, and that the consequences will be catastrophic
unless the trend can be slowed or reversed by dramatic curbs on greenhouse gas emissions. This argument
moves from established fact, to plausible explanation, to the realm of guesswork—the further into the future,
the wilder the guesses. By comparison with 100-year “scenarios” about global warming, long-range weather
forecasting looks rock solid.

7. Earlier this year, a scientific conference at Exeter University, convened to provide the Government with
expert advice in preparation for this summer’s G8 summit, became something like a contest between which
horror stories—the Vanishing Gulf Stream, Millions Dead of Malaria in the Midlands, the Parboiled Polar
Bear—would do the best job of making the public’s flesh creep. As spin for the Government’s case that climate
change is a threat greater than terrorism, this was no doubt eVective. As guidance to policy-makers, it was a
disgrace. Tall stories have no place at G8 summits. Scenarios such as these are what scientists know as
“computer-aided story lines”. They are not reliable predictions, and to base decisions on them would be not
only absurd, but pernicious. For example: a shutdown in the thermohaline circulation that produces the Gulf
Stream would indeed be disastrous for Europe, but it is what scientists call a “low probability high-
consequence event”—in plain language, it has a more than 95% chance of not happening. Malaria could
indeed make a comeback in Europe, but this is a land-use and public health issue, more than a climatic one.
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8. It is no doubt fascinating to feel a load of worst-case assumptions through computers to see what happens.
Climate change modeling involves assumptions about all sorts of things—population levels, rates of economic
growth, energy eYciency and the weight of fossil fuels in future energy production—that are hard to forecast
over an extended period. These assumptions, often themselves based on other assumptions, are then fed into
models that project into the future their impact on the climate. Uncertainties abound. To cite only two
“variables” that are understated in IPPC scenarios that concentrate on CO2 emissions, orbital variation may
be a significant factor in climate change, and there is disagreement about the importance of water vapour as
a factor in global warming. So long as it is made clear that these flights of fancy are in no sense forecasts of
what is likely to happen, there can be no objection to such exercises. But it is quite another matter when these
speculative “images of alternative futures” are treated as “the latest scientific evidence” and taken as the basis
for the decisions that politicians take and taxpayers and consumers pay for. In climate change, careless talk
costs livelihoods.

9. The IPCC has drawn up “scenarios” of mean temperature rises between 2000 and 2100 that vary between
1.5oC and 5.8oC. The diVerence between these two guesstimates ranges, baldly, from inherently manageable
to seriously alarming. The top-end IPPC scenario, A1FI, assumes that per capita carbon emissions rise to four
times current levels (they have been stable since the early 1970s) and that methane concentrations more than
double (they are currently declining). Another high-end IPCC scenario, A2, not only puts the world
population in 2100 at 15.1 billion, half again as high as the 10.4 billion projected by the UN, but also, reversing
the historic trend, assumes more carbon-intensive energy use. Both scenarios artificially inflate the challenge
of climate change.

10. These top-end scenarios, and the 5.8oC increase in global mean temperature, are constantly cited and are
distorting policy. Thus, although few of the industrialised countries are expected to meet the Kyoto target of
reducing their GHG emissions to 5.2 per cent below 1990 levels by 2012, the treaty already has “past sell-by
date” stickers plastered all over it. The futility of a treaty that allows large and rapidly growing economies such
as India and China unlimited emissions is increasingly evident. So is the ineYciency of imposing reductions
on those countries that have already taken the “easy” steps to less carbon-intensive growth, instead of creative
incentives for emissions cuts in countries where these will have the lowest marginal cost. But the proposed
remedy is Kyoto-plus—more stringent curbs on emissions, applied to more countries.

11. It would make more sense to concede that the product is so flawed that it should never have been put on
the market. For a start, allocating emissions ceilings is a form of rationing and involves, as do all government
rationing schemes, such detailed regulation that the Russian economist Andrei Illarionov has likened it to the
command economy. To the Prime Minister, he has described Kyoto as “an international agreement to limit
economic growth and development”.

12. Nonsense, say the EU’s environmental agencies. Their models, which measure the eVects of Kyoto on
energy markets, show a reduction of only 0.12 per cent in EU GDP by 2010. But sectoral models seriously
underestimate the impact on the economy as a whole. Macroeconomic models, which quantify the overall
economic cost to the EU of meeting emissions targets, have produced estimates of GDP losses within this same
period that range from 1.5 per cent to 4.8 per cent. Britain’s bills will be disproportionately high, since the
Government has decreed that Britain shall surpass the Kyoto target, cutting carbon emissions by 20 per cent
below 1990 levels by 2010, and 60 per cent by 2050. Under Kyoto alone, the Government’s estimate is that
UK energy prices will rise by 6 per cent and independent experts put the figure at 10 per cent; higher energy
prices will translate into slower growth, job losses, lower investment and accelerated industrial outsourcing.
Energy conservation makes sense for other reasons, and if the Government were serious it would levy standard
17.5 per cent VAT on domestic utility bills. But cost-benefit analysis should still apply. The National Audit
OYce has already pointed out that the UK’s Renewables Obligation, which compels electricity suppliers to
buy quotas from wind farms and other renewable sources at nearly three times the market rate of £25 per
megawatt hour, will add more than £1 billion a year to consumers’ bills within five years. It is legitimate to
ask whether this is value for money.

13. In theory, flexibility will be built in to the rationing system via tradeable emissions permits. The idea is
that market forces will determine the price of carbon emissions, stimulating investment in technologies that
can reduce emissions at unit costs lower than the price of permits. But as the economic forecaster David
Montgomery has pointed out, for this to work eYciently all sectors must be covered, and traders must be able
to predict with reasonable confidence the future value of traded permits. Neither is the case with Kyoto. EU
emissions ceilings apply only to power generators and large industrial sources, and, since 13 of the 15 pre-
enlargment EU countries are not on target to meet Kyoto-mandated emissions reductions, future negotiations
may involve demands for relaxation, not tightening, of the targets in order to avoid penalty charges by “rolling
over” excess emissions into the next target period.
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14. Even Kyoto’s supporters concede that in the industrialised world, the economic costs will outweigh the
expected benefits. Emissions targets are an expensive and highly bureaucratic way to achieve next to nothing.
These targets penalise economic success and reward failure. Spain would have to cut emissions by 40 per cent
to comply, whereas Russia, where economic collapse has helped to reduce current emissions to 38.5 per cent
below the 1990 baseline, will for the next few years stand to profit from selling emissions quotas.

15. The bottom line is that Kyoto will not “save the planet”. By 2100, it could shave a little oV the anticipated
increase in global temperatures. The globe will barely notice the diVerence. Were the worst case scenarios to
materialise, in other words, the Kyoto contribution might delay Armageddon by a few years. But what Kyoto
undoubtedly will do is bite a chunk out of the GDPs of industrialised nations.

16. We should question the claim that there is no time to lose. Observed trends, rather than computer-
simulated scenarios, indicate that the probable rate of global warming is much lower than the high-end
projections. We do not need to act on the basis that “the end of the world is nigh”. We should go with what
we know, not with inaccurate, long-range scenarios. There is time to explore other approaches to climate
mitigation, and to weigh more carefully the cost-benefit relationship between drastic action to reduce
emissions that exacerbate cyclical warming, and policies designed to reduce our vulnerability to the eVects of
climate change.

17. On mitigation, it is interesting to note that according to the US Energy Information Administration, the
voluntary approach to emissions reduction adopted by the US has reduced its energy intensity, the amount
of energy required to produce a dollar of GDP, by 15.8 per cent between 1992 and 2001, more than double
the 7.5 per cent reduction achieved over the same period by the EU. Policy should maximise incentives for
developing and deploying new technologies for carbon sequestration, hydrogen production, biomass,
wavepower and solar energy, etc. The hybrid Prius car developed by Toyota is an example of the potential
gains. Major advances in energy technology will require accelerated government and private sector
investment. Kyoto would do more harm than it can conceivably do good if the eVort to cap emissions were
to divert attention and resources from promising innovations.

18. On vulnerability, we need more flexible approaches to adjusting to a warmer world. Defra estimates that,
even without global warming, water scarcity will aVect more than six billion people by 2080. This suggests that
water conservation strategies and research into low-cost desalination plants may be more urgent than the
pursuit of bald emissions targets. The new European Commission is leery of “Kyoto plus”, and it is right.

19. One of the oddest aspects of the whole climate change debate is that, although the budgetary implications
of climate mitigation are massive, finance ministries have largely abdicated what would seem to be their duty
to subject the IPPC’s work to rigorous economic analysis, leaving the field to environmental ministries. The
OECD has been similarly, and unexpectedly, uninvolved. If there is one thing that I would hope to emerge
from the Committee’s report, it would be for this absurd state of aVairs to be rectified.

20. A final point. I made some of these points in The Times, 15 February 2005. February. I expected outraged
letters from environmental NGOs (and the IPPC). None came. Perhaps it is because they do not read the
financial pages of newspapers; but I suspect that the reason is, rather, that there is greater awareness of the
flaws in the “consensus” than they will publicly admit to. By contrast, I was overwhelmed by the response from
experts, both economists and scientists, who are frustrated and disturbed by the cold-shouldering of research
that does not accord with environmental fashion. There is a lot of work being done on reconciling responses
to climate change with economic growth.* Conditions are propitious for a thorough review of policy on
climate change.

8 April 2005

Letter from The Royal Society

We are pleased to respond to the Committee’s call for evidence for the inquiry into the “Aspects of the
economics of climate change.”

Our comments are based primarily on the enclosed Royal Society report Economic instruments for the
reduction of carbon dioxide emissions (Royal Society 2002)86 (not printed). In this report we recommend the
introduction of well-designed economic instruments, such as a carbon tax or auctioned permits, as the most
cost-eYcient way to reduce carbon dioxide (CO2) emissions. By associating a cost with emissions of CO2, a
tax corrects a failure in the market that allows emissions to be largely cost-free.

* To take one example: Climate Change Policy and Economic Growth: a Way Forward to Ensure Both. Sponsors: International Council
for Capital Formation (Brussels), Institute of Economic Analysis (Moscow), Istituto Bruno Leoni (Turin). www.iccfglobal.org.

86 Royal Society (2002). Economic instruments for the reduction of carbon dioxide emissions.



3092982028 Page Type [E] 24-06-05 17:45:02 Pag Table: LOEANY PPSysB Unit: PAG2

294 the economics of climate change

We consider the scientific understanding of climate change is now suYciently certain to justify taking steps,
without delay, to reduce global greenhouse gas emissions. However, uncertainty in the economics of climate
change has been used as an argument for not taking action now on mitigating carbon dioxide emissions.

Our report concludes that although the impact of a tax or auctioned permits may be large on some sectors
within the economy, substantial long-term reduction in global emissions is, even in its narrowest sense,
aVordable (Royal Society 2002). In chapter 4 of our report we present the result of studies assessing the impact
of mitigation using worldwide carbon taxes over the next 100 years to achieve stabilisation of CO2

concentrations. The average reduction in GDP below base across all models, baseline scenarios and
stabilisation levels is 1.3 per cent by 2100. This implies a negligible fall in the average growth rate of GDP from
2.3 per cent a year to 2.299 per cent a year. The report highlights that extending the introduction of economic
instruments to Europe and beyond greatly improves their success and benefits.

Additional environmental benefits of carbon taxes are not included in these studies, but are potentially so
important that they may more than oVset any estimated economic costs (OECD 2000).87 These benefits, which
are associated with the burning of fossil fuels, include reduction SO2, NOx, small particles and noise.

In our report (Royal Society 2002) we describe two options for setting a price for a carbon tax. The mitigation
target approach bases targets on past levels of emissions. The targets are then achieved through policies that
should be eVective, eYcient and equitable. This practical approach is used by the United Nations Framework
Convention on Climate Change and the Kyoto Protocol.

The other approach is the use of cost benefit analysis. This method assesses the costs and benefits of climate
change, adaptation and mitigation, and calculates the carbon tax required to minimise net present costs. This
logical approach requires considerable eVort to estimate damage costs. We consider the results
controversial because:

— Many eVects of climate change are unknown and have an impact far into the future, and involve the
Earth’s ecosystems.

— Uncertainty is high and there is a possibility of large-scale changes to the climate.

Understanding and tackling the eVects of climate change will require collaboration between natural scientists,
social scientists and economists. In our report Guide to facts and fictions about climate change (Royal Society
2005) (Printed below)88 we highlight the work of Bjorn Lomborg who organised an event called the
Copenhagen Consensus, which attempted to assess the need to tackle various global problems on the basis of
an economic analysis of costs and benefits. Lomborg and colleagues controversially re-interpreted the detailed
analysis in a paper they had commissioned to reach the conclusion that “costs [of the Kyoto Protocol] were
likely to exceed benefits.” The paper, authored by William Cline, had concluded the opposite.

In response to the Copenhagen Consensus, the distinguished economist JeVrey Sachs pointed out (2004)89 that
the Copenhagen Consensus suVered from “severe shortcomings” because it did not include input from
scientists and the “scientific information is presented through the over-simplified lens of rudimentary cost-
benefit analysis.” He described the DICE99 model used in the analysis as “a plausible strategy for an
economist, but it doesn’t come close to engaging the best natural-science models.” Sachs concluded: “While
simple economic models can be illuminating, and I applaud DICE99 for what it can do, having climate
scientists at the table to highlight the shortcomings of grossly simplified economic models is invaluable for
arriving at proper policy conclusions.”

13 April 2005

A Guide to Facts and Fictions About Climate Change

It has become fashionable in some parts of the UK media to portray the scientific evidence that has been
collected about climate change and the impact of greenhouse gas emissions from human activities as an
exaggeration. Some articles have claimed that scientists are ignoring uncertainties in our understanding of the
climate and the factors that aVect it. Some have questioned the motives of the scientists who have presented
the most authoritative assessments of the science of climate change, claiming that they have a vested interest
in “playing up” the potential eVects that climate change is likely to have.

This document examines 12 misleading arguments (presented in bold typeface) put forward by the opponents
of urgent action on climate change and highlights the scientific evidence that exposes their flaws. It has been
prepared by a group led by Sir David Wallace FRS, Treasurer of the Royal Society, and Sir John Houghton

87 OECD (Organisation for Economic Cooperation and Development) (2000). Behavioural responses to energy and transport- related
taxes; a survey of price elasticity estimates. OECD. Paris.

88 Royal Society (2005). A guide to facts and fictions about climate change http://www.royalsocac.uk/—page.asp?id%2986
89 Sachs, J. 2004. Solving global crises: economists alone are not enough. The Lancet, volume 364, pages 2087–2088.
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FRS, former chair of Working Group I of the Intergovernmental Panel on Climate Change (IPCC). This
document has been endorsed by the Council of the Royal Society, and draws primarily on scientific papers
published in leading peer-reviewed journals and the work of authoritative scientific organisations, such as the
IPCC and the United States National Academy of Sciences.

The IPCC is the world’s leading authority on climate change and its impacts. It was set up in 1988 under the
auspices of the United Nations Environment Programme and the World Meteorological Organisation.
Membership of the IPCC is open to all members of the United Nations and World Meteorological
Organisation. It has the following remit:

“The role of the IPCC is to assess on a comprehensive, objective, open and transparent basis the scientific,
technical and socio-economic information relevant to understanding the scientific basis of risk of human-
induced climate change, its potential impacts and options for adaptation and mitigation. The IPCC does not
carry out research nor does it monitor climate related data or other relevant parameters. It bases its assessment
mainly on peer reviewed and published scientific/technical literature.”

The IPCC has a task force on national greenhouse gas inventories and three working groups:

— Working Group I assesses the scientific aspects of the climate system and climate change;

— Working Group II assesses the vulnerability of socio-economic and natural systems to climate
change, negative and positive consequences of climate change, and options for adapting to it; and

— Working Group III assesses options for limiting greenhouse gas emissions and otherwise mitigating
climate change.

The IPCC produces periodic assessment reports providing an overview of current knowledge about climate
change and its impacts, as well as identifying uncertainties and gaps in knowledge. The preparation of these
reports involves many hundreds of scientists across the world. The contributors, lead authors and reviewers
of these reports include those nominated by the governments of the countries that are members of the IPCC,
and some who do not hold mainstream views on climate change. These reports are reviewed by both members
of the scientific community and by governments.

The IPCC Third Assessment Report was published in 2001, and involved more than 2,000 experts in its
preparation. It is the most authoritative source of information on climate change due to human activities,
including the emission of greenhouse gases such as carbon dioxide, and can be accessed at http://www.ipcc.ch.
The report included a synthesis presenting the information in the form of answers to a broad range of key
policy-relevant, but not policy-prescriptive, questions. The IPCC Fourth Assessment Report is due to be
published in 2007.

The following abbreviations are used in this document:

GDP: gross domestic product

IPCC: Intergovernmental Panel on Climate Change

OISM: Oregon Institute of Science and Medicine

UNFCCC: United Nations Framework Convention on Climate Change

US NAS: United States National Academy of Sciences

Misleading arguments: The IPCC has become too politicised and does not accurately reflect the wide range of views
within the scientific community. The IPCC summary for policy-makers does not adequately represent the scientific
uncertainty.

The work of the IPCC is backed by the worldwide scientific community. A joint statement of support was
issued in May 2001 by the science academies of Australia, Belgium, Brazil, Canada, the Caribbean, China,
France, Germany, India, Indonesia, Ireland, Italy, Malaysia, New Zealand, Sweden and the UK. It stated:
“We recognise the IPCC as the world’s most reliable source of information on climate change and its causes,
and we endorse its method of achieving consensus.”

In 2001, the United States National Academy of Sciences was commissioned by the Bush administration to
assess the current understanding of global climate change. Its report, published in June 2001, stated: “The
IPCC’s conclusion that most of the observed warming of the last 50 years is likely to have been due to the
increase in greenhouse gas concentrations accurately reflects the current thinking of the scientific community
on this issue.”
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Each part of the IPCC 2001 report included a summary for policymakers, each of which was agreed sentence
by sentence at meetings of the governments from member countries of the IPCC. The purpose of the
summaries was to provide an accurate and balanced assessment of the scientific information contained in the
technical sections of the report in a manner that is clear, understandable and relevant to the policy process.

Some have claimed that the summary for policy-makers did not accurately reflect the technical parts of the
report. The US NAS 2001 report concluded that the summary for policymakers from Working Group I
“reflects less emphasis on communicating the basis for uncertainty and a stronger emphasis on areas of major
concern associated with human-induced climate change.” The NAS concluded that the full report of IPCC
Working Group I in the Third Assessment is “an admirable summary of research activities in climate science,
and the full report is adequately summarised in the Technical Summary”, but pointed out that these are “not
specifically directed at policy.”

The IPCC 2001 report carefully distinguishes between what is known with reasonable certainty, and the areas
in which large uncertainties remain. The report includes quantitative estimates of uncertainty throughout.

Misleading arguments: Many scientists do not think that climate change is a problem. Some scientists have signed
petitions stating that climate change is not a problem.

There are some diVerences of opinion among scientists about some of the details of climate change and the
contribution of human activities, such as the burning of fossil fuels. Researchers continue to collect more data
about climate change and to investigate diVerent explanations for the evidence. However, the overwhelming
majority of scientists who work on climate change agree on the main points, even if there is still some
uncertainty about particular aspects, such as how the concentration of greenhouse gases in the atmosphere
will change in the future.

In the journal Science in 2004, Oreskes published the results of a survey of 928 papers on climate change
published in peer-reviewed journals between 1993 and 2003. She found that three-quarters of the papers either
explicitly or implicitly accepted the view expressed in the IPCC 2001 report that human activities have had a
major impact on climate change in the last 50 years, and none rejected it.

There are some individuals and organisations, some of which are funded by the US oil industry, that seek to
undermine the science of climate change and the work of the IPCC. They appear motivated in their arguments
by opposition to the United Nations Framework Convention on Climate Change and the Kyoto Protocol,
which seek urgent action to tackle climate change through a reduction in greenhouse gas emissions.

Often all these individuals and organisations have in common is their opposition to the growing consensus of
the scientific community that urgent action is required through a reduction in greenhouse gas emissions. But
the opponents are well-organised and well-funded. For instance, a petition was circulated between 1999 and
2001 by a campaigning organisation called the Oregon Institute of Science and Medicine (OISM), which called
on the US Government to reject the Kyoto Protocol. The petition claimed that “proposed limits on
greenhouse gases would harm the environment, hinder the advance of science and technology, and damage
the health and welfare of mankind.”

These extreme claims directly contradict the conclusions of the IPCC 2001 report, which states that “reducing
emissions of greenhouse gases to stabilise their atmospheric concentrations would delay and reduce damages
caused by climate change.”

The petition was circulated together with a document written by individuals aYliated to OISM and to the
George C Marshall Institute, another campaigning organisation. On 20 April 1998, the US National Academy
of Sciences (NAS) issued a warning about the document circulated with the petition because it had been
presented “in a format that is nearly identical to that of scientific articles published in the Proceedings of the
National Academy of Sciences.” The statement pointed out: “The NAS Council would like to make it clear
that this petition has nothing to do with the National Academy of Sciences and that the manuscript was not
published in the Proceedings of the National Academy of Sciences or in any other peer-reviewed journal.”
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Misleading arguments: There is little evidence that global warming is happening or, if it is happening, it is not very
much. Some parts of the world are actually becoming cooler. Increased urbanisation could be responsible for much of the
increase in observed temperatures. Satellite temperature records do not show any global warming. If there has been
global warming recently, it would not even be a unique occurrence within the past 1,000 years. Europe has been much
warmer in the past.

Few scientists dispute that the global average temperature has been rising for at least a century. The IPCC
2001 report concluded, based on worldwide measurements, that the average surface temperature of the Earth
had risen by 0.6 centigrade degrees (!/"0.2)C) during the 20th century. The IPCC found that, in terms of
the global average temperature, the 1990s were very likely (a 90-99 per cent chance) to have been the warmest
decade since records began in 1861, and that 1998 was the warmest year. Furthermore, the increase in surface
temperature during the 20th century in the Northern Hemisphere was likely (a chance of 66 to 90 per cent) to
have been greater than for any other century for the last 1,000 years.

The IPCC report recognised that “temperature changes have not been uniform globally but have varied over
regions and diVerent parts of the lower atmosphere.” For instance, some parts of the Southern Hemisphere
oceans and parts of Antarctica have not warmed in recent decades.

The report also noted that there have been two major periods of warming globally: 1910 to 1945 and since
1976. It concluded that “it is virtually certain that there has been a generally increasing trend in global surface
temperature over the 20th century, although short-term and regional deviations from this trend occur.”

It has been argued that recent warming trends are due to the eVect of increasing urbanisation and the creation
of ‘urban heat islands’. However, Parker recently reported in the journal Nature that analyses of temperature
trends show that globally “temperatures over land have risen as much on windy nights as on calm nights,
indicating that the observed overall warming is not a consequence of urban development.” The IPCC 2001
report noted that the analysis of temperature changes from across the world took into account increases due
to urbanisation, and average temperature trends recorded over land were found to be similar to those observed
over the oceans.

The IPCC report also noted that, since 1979, both satellites and weather balloons have recorded a lower rate
of warming in the lower atmosphere than has been measured at the surface. The report acknowledged that the
reasons for this gap are not yet fully understood, but it is likely to be due to the fact that temperatures in the
lower atmosphere and at the surface are influenced diVerently by factors such as stratospheric ozone depletion,
aerosols in the atmosphere and the El Niño phenomenon. Satellites and weather balloons have recorded a
substantial cooling in the upper parts of the atmosphere, which is consistent with models of climate change.

Grody and others recently indicated in the Journal of Geophysical Research that much of the earlier
inconsistency between the satellite and surface measurements arises from errors in analysing the data from
the satellites which can “artificially suppress the temperature trend.” Fu and others pointed out in the journal
“Nature” that the same warming trends are present in the lower atmosphere as occur at the surface, if the eVect
of the cooling of the upper atmosphere is taken into account, although this has been disputed.

Some have questioned whether natural temperature variations in the past 1,000 years have been greater than
those reported in the IPCC 2001 report. For instance, von Storch and others argued in the journal Science that
the natural variations in average global temperature over the last 1,000 years may have reached one centigrade
degree, instead of the 0.5 centigrade degree implied by previous analyses. This conclusion was supported by
Moberg and others in a paper in the journal Nature, in which they reported that natural variations in
temperature may have reached up to one centigrade degree over periods of centuries during the last 2,000
years. But they also pointed out: “We find no evidence for any earlier periods in the last two millennia with
warmer conditions then the post-1990 period—in agreement with previous similar studies.” They drew
attention to the fact that models show natural factors alone could not be responsible for the recent
warming trend.

According to the IPCC report, “regional temperature trends over a few decades can be strongly influenced by
regional variability in the climate system and can depart appreciably from a global average”. For instance,
there was significant cooling in the North Atlantic between 1946 and 1975, as well as much of the Northern
Hemisphere, and warming in much of the Southern Hemisphere. Although some regions of the world
experienced significantly warmer or colder periods during the last 1,000 years, such as the “Medieval Warm
Period” and the “Little Ice Age”, these were not worldwide changes like the increase in global average
temperature recorded during the 20th century.
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Misleading arguments: The Earth is getting hotter, but not because of emissions of greenhouse gases from human
activities. Carbon dioxide makes up such a tiny fraction of the atmosphere that even if it doubled it would make little
difference to the climate. Variations in the sun are more likely to be the cause of climate changing than increases in
greenhouse gases.

About half of the solar energy entering the top of the Earth’s atmosphere eventually reaches the surface where
it is absorbed. Much of the solar energy is absorbed by the Earth’s surface and then released as infra-red
radiation, some of which is absorbed by greenhouse gases such as water vapour, carbon dioxide and methane.
The greenhouse gases act like a blanket over the surface of the Earth, keeping it around 20 centigrade degrees
warmer than it otherwise would be, which is a phenomenon known as “the greenhouse eVect.”

Increases in the concentrations of greenhouse gases in the atmosphere enhance the greenhouse eVect and, on
average, lead to further warming. It has been long established that carbon dioxide strongly absorbs infra-red
radiation. The IPCC 2001 report pointed out that carbon dioxide is “the dominant human-influenced
greenhouse gas,” and is responsible for more than half the warming due to changes in atmospheric
concentrations.

Based on direct analysis of gases found trapped in cores of polar ice, it is known that the atmospheric
concentration of carbon dioxide for several thousands of years before 1750 was about 280 parts per million.
Between 1750 and 2000, during which industrialisation has occurred, the concentration rose by about 31 per
cent to 368 parts per million. The IPCC report noted that the current concentration of carbon dioxide in the
atmosphere has not been exceeded during the past 420,000 years and that “the rate of increase over the past
century is unprecedented, at least during the past 20,000 years”.

It has been claimed that the rise in atmospheric concentrations of carbon dioxide is actually a consequence of
climate change, rather than a cause. The IPCC report pointed out that chemical analyses of the carbon dioxide
show that the increase in the atmosphere, and an accompanying decrease in oxygen concentrations, are
primarily due to the burning of fossil fuels and deforestation. Although some carbon dioxide taken up and
released by oceans or land, it stressed that the average rate of increase in concentrations in the atmosphere
since 1980 has been about 0.4 per cent per year and that this is due to emissions. It stated “Most of the
emissions during the past 20 years are due to fossil fuel burning, the rest (10 to 30 per cent) is predominantly
due to land-use change, especially deforestation”.

A number of other factors are known to influence climate and cause change, particularly volcanic eruptions,
variations in the energy from the sun and particles released into the atmosphere from both natural sources and
human activities. Particles in the atmosphere reduce the amount of energy from the sun that reaches the
Earth’s surface, and therefore cause a cooling eVect. The IPCC has studied evidence of changes in these various
factors and their likely influence on the global average temperature. It found that the variations over the 20th
century can only be understood by taking all factors, both natural and human, into account.

Land use changes such as the spread or shrinkage of forest areas can also contribute to changes in temperature.
The loss of forests can exert a cooling eVect by increasing the reflectivity of the land surface, which means lower
amounts of solar radiation are absorbed. The IPCC 2001 report noted that the overall eVect of land use
changes since pre-industrial times has been to produce cause cooling, and that this has mainly been due to the
replacement at high latitudes of snow-covered forests by open, snow-covered areas. The report noted that the
level of understanding of the overall eVect of land use changes was lower than for other factors aVecting global
temperatures.

The IPCC found that the dominant influences on climate change in the early part of the 20th century were
likely to be a small increase in solar output and a decrease in average volcanic activity. However, such natural
factors cannot explain the warming in the latter half of the 20th century, and the IPCC concluded that there is
“new and stronger evidence that most of the warming observed over the last 50 years is attributable to human
activities”. The report pointed out that natural factors on their own would have produced an overall drop in
global average temperatures.

A recent study by Solanki and others, published in the journal Nature, found that the level of solar activity
during the past 70 years has been “exceptional” when considered over the period of the last 11,400 years.
However, they concluded that “although the rarity of the current episode of high average sunspot numbers
may indicate that the Sun has contributed to the unusual climate change during the twentieth century, we point
out that solar variability is unlikely to have been the dominant cause of the strong warming during the past
three decades”.



3092982030 Page Type [O] 24-06-05 17:45:02 Pag Table: LOEANY PPSysB Unit: PAG2

299the economics of climate change

Misleading arguments: There is no reliable way of predicting how temperatures will change in the future. The climate
is so complex that it is hard to predict what might happen. The IPCC’s climate scenarios are developed by economists
not scientists and are often misleadingly presented as predictions or forecasts, when they are actually just scenarios—
the most extreme of which are totally unrealistic The IPCC’s findings are dependent on models that are badly flawed.
No climate model has been scientifically validated. The IPCC 2001 predictions showed a wider uncertainty range than
that in earlier reports.

Climate change is complex and not easy to predict. In order to make projections about climate change in the
future, the IPCC developed a set of scenarios that describe possible global emissions of greenhouse gases.
These scenarios produced estimates of various concentrations of global greenhouse gas emissions in the
atmosphere up to 2100, taking into account diVerent projected trends in demographic, economic and
technological developments, as well as changes in the political environment. Economists and sociologists
helped to develop these scenarios. These scenarios include the whole range of likely changes in emissions of
greenhouse gases.

In the studies cited in the IPCC 2001 report, the main tools used to describe the detailed response of the climate
to any given future scenario of greenhouse gas emissions are numerical models that include mathematical
descriptions of physical processes and the interactions between diVerent components of the climate system.
Because the models are based on scenarios of future human activities, their results should be considered to be
projections rather then predictions. There has been, and continues to be, a major eVort to compare the details
of climate model results with actual observations. This leads to improvements in the representation of climate
processes in the models.

The IPCC 2001 report included results from these models showing that carbon dioxide concentrations in the
atmosphere would increase to between 540 and 970 parts per million by 2100, compared to 280 parts per
million in pre-industrial times, for the whole range of emissions scenarios and allowing for uncertainties in
the models.

According to the models, changes in carbon dioxide concentrations in the atmosphere would aVect global
average temperatures during the 21st century. They suggested global average temperatures would rise by 0.4
to 1.1 centigrade degrees by 2025 compared to 1990, and by 1.4 to 5.8 centigrade degrees by 2100. The report
pointed out that this rate of warming would be “much larger than the observed changes during the 20th
century and is very likely without precedent during at least the last 10,000 years” based on measurements from
ice cores and other sources of information about past temperatures.

The increase in temperatures would be above the global average on nearly all land areas, particularly in the
high northern latitudes during winter.

The range of changes in global average temperatures was higher in the IPCC 2001 report than in previous
assessments mainly because the models included a better representation of interactions within climate systems,
and because a greater range of emissions of greenhouse gases were incorporated into the scenarios. The models
cited in the IPCC 2001 report also included assumptions about a lower concentration of particles of sulphate
in the atmosphere, which reflect back some of the incoming radiation from the sun, due to larger controls on
air pollution.

The IPCC 2001 report openly acknowledged uncertainties in modelling climate change in the future. It stated
that “because of uncertainty in climate sensitivity, and uncertainty about the geographic and seasonal patterns
of projected changes in temperatures, precipitation, and other climate variables and phenomena, the impacts
of climate change cannot be uniquely determined for individual emissions scenarios”.

Critics of the IPCC have not oVered alternative numerical models that give diVerent results for how climate
will be aVected by the range of possible future concentrations of greenhouse gases in the atmosphere.

Misleading arguments: Scientists have been exaggerating the evidence by claiming that individual extreme weather
events have been caused by climate change. The recent flooding in the UK in places like Boscastle and Carlisle would
have happened anyway, and the frequency of hurricanes hitting the Caribbean and Atlantic coast of the United States
is no different than in the past. Even if they appear to be more severe, this is only because more people are living in places
that are affected by natural extreme weather events.

In general, it is not possible to state categorically that individual weather events are due to changes in climate,
and reputable scientists are extremely cautious about such claims. However, there is a link, albeit complex,
between changes in climate and regional and local weather events, including extreme ones. Changes in the
global climate can be expected to lead to patterns of local and regional weather events, particularly extreme
ones. While scientists may be able to estimate the change in the likelihood of such events because of climate
change, they cannot predict individual events.
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The IPCC 2001 report concluded it was very likely (with a 90 to 99 per cent chance) that there was a 5 to 10
per cent increase in total rainfall on land areas of the Northern Hemisphere during the 20th century, although
some parts of the Mediterranean and north and west Africa had seen falls. It was likely (with a 66 to 90 per
cent chance) that the number of heavy rainfall events had increased at middle to high latitudes in the Northern
Hemisphere.

During recent decades human populations have been aVected more by extreme weather events in some areas.
The IPCC 2001 report recognised that “there is emerging evidence that some social and economic systems have
been aVected by the recent increasing frequency of floods and droughts”. However, the report acknowledged
that “such systems are also aVected by changes in socioeconomic factors such as demographic shifts and land-
use changes”. The report stated that, for the future, “models project that increasing atmospheric
concentrations of greenhouse gases result in changes in frequency, intensity, and duration of extreme events,
such as more hot days, heat waves, heavy precipitation events, and fewer cold days”. It further drew attention
to a projected increase in the frequency and severity of extreme events due to climate change in the 21st
century. For instance, there are likely to be, with a certainty of 66 to 90 per cent, intensified droughts and floods
associated with El Niño events in many diVerent regions (El Niño is a naturally-occurring disruption of the
ocean-atmosphere system in the tropical Pacific), and an increase in tropical cyclone peak wind intensities and
peak rainfall over some areas.

Some peer-reviewed papers have appeared in leading scientific journals since the publication of the IPCC 2001
report, shedding more light on the link between climate change and the occurrence of extreme events. For
instance in 2002, Palmer and Räisänen reported in the journal Nature the results of analyses of 19 global
climate model simulations that indicate “the probability of occurrence of a very wet winter over the UK is
estimated to increase by a factor of 5 over the next 50-100 years, due to man’s eVect on climate”. In this case,
very wet winters are characterised by significantly above average seasonal rainfall. These models also imply
“an increased risk of flooding in Bangladesh” over the same period.

In a paper published in Nature in 2004, Stott and others noted that the summer of 2003 was probably the
hottest in Europe since at least 1500. It has been estimated that the heatwave caused 22,000–35,000 additional
deaths. Stott and others acknowledged that it was not possible to meaningfully determine whether the
heatwave was due to increased atmospheric concentrations of greenhouse gases “because almost any such
weather event might have occurred by chance in an unmodified climate”. However, they concluded from an
analysis of instrument records since 1851 that “it seems likely that past human influence has more than
doubled the risk of European mean summer temperatures as hot as 2003, and with the likelihood of such
events projected to increase 100-fold over the next four decades”. A further paper in Nature in 2004 by Schar
and others reported the results of an analysis that found that “the European summer climate might experience
a pronounced increase in year-to year variability” in response to rising greenhouse gas concentrations in the
atmosphere. It concluded: “Such an increase in variability might be able to explain the unusual European
summer 2003, and would strongly aVect the incidence of heatwaves and droughts in the future”.

The IPCC 2001 report acknowledged that it was not possible to tell what impact climate change would have
on some individual local weather events. It concluded: “There is insuYcient information on how very small-
scale extreme weather phenomena (eg thunderstorms, tornadoes, hailstorms, and lightning) may change”.

Misleading arguments: There is conflicting evidence about whether the ice at the poles is melting and, in fact, it is
actually becoming thicker in Antarctica.

The IPCC 2001 report indicated that in 2000 Arctic ice had thinned overall by 40 per cent in the late summer
and early autumn (with 66 to 90 per cent certainty) in the past few decades, and decreased in extent by 10 to
15 per cent since the 1950s in the spring and summer. There has also been a widespread retreat of non-polar
glaciers. However, there was no demonstrated change in the overall extent of Antarctic sea ice between 1978
and 2000.

The models reported by the IPCC showed that glaciers would continue to retreat with rises in global average
temperatures. The report recognised the complexity of projections, noting that “the Antarctic ice sheet is likely
to gain mass because of greater precipitation, while the Greenland ice sheet is likely to lose mass because the
increase in runoV will exceed the precipitation increase.”

Looking further into the future, larger changes in the ice sheets may begin to occur. The IPCC 2001 report also
warned that a local average warming by 3 centigrade degrees would lead, over a thousand years, to “virtually a
complete melting of the Greenland ice sheet with a resulting sea level rise of about 7 m [metres]”. The report
also warned that the West Antarctic Ice Sheet may start to break up if temperatures continue to climb.
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A recent paper by Shepherd and others published in the journal Science in 2003, suggested that the Larsen Ice
Shelf in Antarctica has begun to break-up over a very short period due to a sustained period of thinning of the
ice. They concluded that “enhanced ocean-driven melting may provide a simple link between regional climate
warming and the successive disintegration of sections of the Larsen Ice Shelf”.

Misleading arguments: There is little evidence of a rise in sea level due to global warming. There is no correlation
between rises in climate temperature and sea levels. There has been no consistent trend this century, with sea level rising
in some places but not in others. Even if sea level is rising it has nothing to do with global warming and is actually due
to the fact that southern England is sinking due to the bending of the Earth’s crust.

The IPCC 2001 report found that average sea level around the world increased at a rate of 0.1 to 0.2
centimetres per year during the 20th century. This had been caused by a combination of the thermal expansion
of seawater (ie the volume of a fixed mass of water increases as it is heated) and the melting of land ice. The
report acknowledged that there had not been a significant acceleration in the rate of sea level rise during the
20th century, and that this was “not inconsistent with model results.”

According to the IPCC models, global average sea levels would rise by 3 to 14 centimetres by 2025 compared
to 1990, and by 9 to 88 centimetres by 2100, although the amount of sea level rise would vary very significantly
between regions. The rise would be due to thermal expansion and the melting of glaciers and ice caps.

The IPCC 2001 report also noted that “compensating factors” have also aVected sea levels during the 20th
century, which would have reduced the rates of change. As Shennan and Horton reported in the Journal of
Quaternary Research in 2002, sea levels around Great Britain have been influenced for instance by a
phenomenon known as isostatic rebound. During the last Ice Age, Britain was covered by ice sheets as far
south as the Thames Estuary. The ice sheet caused the land beneath it to sink, while the land in front of it, in
southern England bulged up. When the ice sheet retreated after the end of the Ice Age, the land that had been
beneath it started and continues to rise slowly, while the land in the bulge is sinking slowly. Other factors, such
as the compaction of sediments, also cause changes in land movements. Shennan and Horton found that,
overall, central and western Scotland are rising at about 1.6 millimetres per year while the south-west England
is sinking by about 1.2 millimetres per year.

Misleading arguments: Even if climate change is occurring, it won’t be that dangerous. Abrupt climate change is just
another scare story. While an atmospheric concentration for carbon dioxide of 550 parts per million has been proposed
as a political target, there has been no scientific determination of “dangerous” levels of greenhouse gas concentrations.

The United Nations Framework Convention on Climate Change (UNFCCC) was adopted in 1992 by nations
to set an overall framework for intergovernmental eVorts to tackle the challenges posed by climate change.
There are currently 191 parties to the UNFCCC. It seeks to stabilise concentrations of greenhouse gas
emissions in the atmosphere, and states:

“The ultimate objective of this Convention and any related legal instruments that the Conference of Parties
may adopt is to achieve, in accordance with the relevant provisions of the Convention, stabilisation of
greenhouse gas concentrations in the atmosphere at such a level that would prevent dangerous interference
with the climate system. Such a level should be achieved within a timeframe suYcient to allow ecosystems to
adapt naturally to climate change, to ensure that food production is not threatened, and to enable economic
development to proceed in a sustainable manner.”

The IPCC report considered what is meant by “dangerous climate change”. This involves taking into account
not just the scientific evidence, but issues such as risk, social and political factors and economics. The impacts
of climate change will diVer around the world, and so what is considered dangerous will also vary. It will also
depend on how well humans can adapt to climate change or take action to prevent its worst eVects. The
decision about what is “dangerous” needs to be taken by policy-makers rather than scientists, who should
present their best analysis of all the risks as a basis for that decision.

The report also warned that rising greenhouse gas concentrations in the atmosphere could “set in motion
large-scale, high-impact, non-linear, and potentially abrupt changes in physical and biological systems over
the coming decades to millennia, with a wide range of associated likelihoods”. It further stated: “Some of the
projected abrupt/non-linear changes in physical systems and in the natural sources and sinks of greenhouse
gases could be irreversible, but there is an incomplete understanding of some of the underlying processes.”

Examples of these possible abrupt changes highlighted by the IPCC included a weakening during the 21st
century, and even a complete shutdown thereafter, of the large-scale circulation in the oceans associated with
diVerences in temperature and salinity (called the thermohaline circulation), reducing the amount of heat
reaching the high latitudes of Europe, including the UK. The report warned: “some impacts of anthropogenic
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climate change may be slow to become apparent and some could be irreversible if climate change is not limited
in both rate and magnitude before associated thresholds, whose positions may be poorly known, are crossed”.

The IPCC recognised that while human ingenuity may allow humans to cope with some of the worst eVects
of climate change, we will not be able to prevent all damage. It noted that adaptation and mitigation are both
required. Adaptation will be needed to cope with the impacts of climate change that is already happening and
which will occur in the years before it is stabilised. Mitigation will be needed to slow climate change and
eventually stabilise it, as set by the objective of the UNFCCC. The IPCC 2001 report stressed that actions to
cope with or avoid climate change would take time to take eVect and that “well-founded actions to adapt to
or mitigate climate change are more eVective, and in some circumstances may be cheaper, if taken earlier rather
than later”.

This is important because the report pointed out that carbon dioxide can remain in the atmosphere for up to
200 years, and as a result “stabilisation of CO2 emissions at near-current levels will not lead to stabilisation of
CO2 atmospheric concentration, whereas stabilisation of emissions of shorter lived greenhouse gases such as
CH4 [methane] leads, within decades, to stabilisation of their atmospheric concentrations.” The report also
noted that the relatively long life of carbon dioxide in the atmosphere means its eVects on climate would
continue for an extended period: “After stabilization of the atmospheric concentration of CO2 and other
greenhouse gases, surface air temperature is projected to continue to rise by a few tenths of a degree per century
for a century or more, while sea level is projected to continue to rise for many centuries”.

The UK Government stated in the February 2003 Energy White Paper that “the UK should put itself on a
path towards a reduction in carbon dioxide emissions of some 60 per cent from current levels by 2050”. Such
a strategy is consistent with stabilisation of atmospheric concentrations of carbon dioxide at about 550 parts
per million, and was based on a recommendation contained in a report by the Royal Commission on
Environmental Pollution in 2000.

According to the IPCC 2001 report, to stabilise concentrations of carbon dioxide in the atmosphere at 550
parts per million (which would be 96 per cent higher than pre-industrial levels and 49 per cent higher than in
2000), emissions from human activities would need to fall below 1990 levels within much less than a century
and continue to decrease steadily afterwards to a very small fraction of today’s levels.

The IPCC report also considered what measures would be needed to tackle the predicted eVects of climate
change. The most important was that “the projected rate and magnitude of warming and sea-level rise can be
lessened by reducing greenhouse gas emissions”. It also pointed out that “the greater the reductions in
emissions and the earlier they are introduced, the smaller and slower the projected warming and the rise in
sea levels”.

Misleading arguments: There is no evidence that climate change will be bad for people. In fact, warmer weather will
actually be good for those people who live in cold countries. Climate change may make some places like Russia warmer
and more productive places to live. A warmer climate will be good for the UK’s economy, with more tourists and better
wine-producing conditions. Increasing levels of carbon dioxide would produce a rise in plant productivity and crop
yields. Surely we should let the benefits and costs of climate change even themselves out.

The IPCC models acknowledge that some parts of the globe would benefit, at least in the short-term, from
climate change. Some high northern latitudes could experience less extreme cold and a longer growing season
for crops. In addition, the higher concentrations of carbon dioxide in the atmosphere will boost growth of
some important crops, and given adequate water and nutrients, will bring higher yields.

However, the IPCC models indicate that “the larger the changes and rate of change in climate, the more the
adverse eVects predominate”. These adverse eVects would be most severe in the tropics and subtropics. The
IPCC pointed out that “reducing the projected increase in climate extremes is expected to benefit all countries,
particularly developing countries, which are considered to be more vulnerable to climate change than
developed countries”.

While some commentators in the media have imagined that climate change will bring benefits to the UK, such
as “better wine-producing conditions”, they do not appear to take into account the significant problems that
we will face through an increase in the likelihood of flooding in some areas, a reduction in the availability of
fresh water in others, and more threats to sea defences due to sea level rise in many low-lying areas, as
acknowledged in the UK Government’s Energy White Paper in 2003.

The focus on the UK also ignores the misery and suVering that will increase for the world’s poorest and most
vulnerable people. The IPCC concluded that “the impacts of climate change will fall disproportionately upon
developing countries and the poor persons within all countries, and thereby exacerbate inequities in health
status and access to adequate food, clean water, and other resources.”
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The IPCC models indicate that the threats to human health will increase with climate change, “particularly in
lower income populations, predominantly within tropical/subtropical countries”. They showed, with a high
level of confidence, that climate change would lead to an increase in heat-related death and illness, a drop in
cold-related death in temperate countries, a higher frequency of epidemics of infectious diseases after storms
and floods, and significant impacts from the displacement of populations in response to rises in sea level and
greater storm activity.

In most of the IPCC models, overall crop yields would decrease as temperatures rise. The report warned that
“warming of a few )C or more is projected to increase food prices globally, and may increase the risk of hunger
in vulnerable populations”. Those parts of the world already experiencing water shortages would find their
problems worsen with climate change, although some places may see an overall increase in rainfall.

Humans would not be the only life that would be aVected by climate change. The IPCC acknowledged that
the average overall growth of plants would increase with the rise in atmospheric carbon dioxide
concentrations, but this may not have an overall positive knock-on eVect on animals and micro-organisms.
Increased growth would mean a rise in the amount of carbon dioxide absorbed by plants. However, Knorr
and others recently pointed out in the journal Nature that rising temperatures would mean higher rates of
decomposition of dead material, thus releasing more carbon dioxide into the atmosphere.

The IPCC 2001 report also warned that natural systems are “vulnerable to climate change, and some will be
irreversibly damaged”. It stressed that “while some species may increase in abundance or range, climate
change will increase existing risks of extinction of some more vulnerable species and loss of biodiversity”. For
instance, the report projected with “high confidence” that “future sea surface warming would increase stress
on coral reefs and result in increased frequency of marine diseases”.

Misleading arguments: There are too many uncertainties about climate change and its impacts to justify taking action.
It would be better to wait until we are more certain about climate change before acting.

The UNFCCC has been signed by 191 parties which recognise the need to tackle climate change, even if there
are some uncertainties in our understanding. The parties to the UNFCCC are committed to stabilising
concentrations of greenhouse gases in the atmosphere. The UNFCCC commits signatories to adopt policies
and measures that are cost-eVective. It states:

“The Parties should take precautionary measures to anticipate, prevent, or minimise the causes of climate
change and mitigate its adverse eVects. Where there are threats of serious irreversible damage, lack of full
scientific certainty should not be used as a reason for postponing such measures, taking into account that
policies and measures to deal with climate change should be cost-eVective so as to ensure global benefits at
the lowest possible costs. To achieve this, such policies and measures should take into account diVerent socio-
economic contexts, be comprehensive, cover all relevant sources, sinks and reservoirs of greenhouse gases and
adaptation, and comprise all economic sectors. EVorts to address climate change may be carried out
collectively by interested Parties.”

In 1997 parties to the UNFCCC agreed to an addition to the treaty, called the Kyoto Protocol, which has more
powerful and legally binding measures for industrialised countries that are party to both the Convention and
the Protocol, to limit or reduce their greenhouse gas emissions. The Protocol became international law in
February 2005.

The IPCC report notes that the UNFCCC aims to identify short-term “hedging strategies” in light of long-
term uncertainties. It suggests that “the relevant question is not ‘what is the best course of action for the next
hundred years’ but rather ‘what is the best course of action for the near-term given the long-term
uncertainties’”. The report states:

“Several studies have attempted to identify the optimal near-term hedging strategy based on the uncertainty
regarding the long-term objective. These studies find that the desirable amount of hedging depends upon one’s
assessment of the stakes, the odds, and the cost of mitigation. The risk premium—the amount that society is
willing to pay to avoid risk—ultimately is a political decision that diVers among countries.”

The UK Government carried out an analysis of the cost of stabilising atmospheric concentrations of carbon
dioxide at 550 parts per million, assuming that the world’s leading industrial nations acted together. It
reported in the 2003 Energy White Paper that “the cost impact of eVectively tackling climate change would
be very small—equivalent in 2050 to just a small fraction (0.5–2.0 per cent) of the nation’s wealth, as measured
by GDP, which by then will have tripled as compared to now”. The 2000 report by the Royal Commission on
Environmental Pollution outlined four scenarios in which the UK could use current technologies to reduce its
carbon dioxide emissions by 60 per cent by the year 2050.
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Misleading arguments: The Kyoto Protocol is a waste of time because the United States will not ratify it. The emission
reduction targets required under the Kyoto Protocol are “trivial” and would do no more than postpone global warming
by six years. Implementing the Kyoto Protocol would be too costly. The trillions of dollars that would be wasted on the
Kyoto Protocol should be spent on helping developing countries tackle poverty.

The 38 parties listed in Annex B of the Kyoto Protocol each agreed to individual targets for their total annual
greenhouse gas emissions, relative to levels in 1990, over the period 2008 to 2012. These targets if achieved
would result in an overall reduction of emissions by 5.2 per cent in 2008–12 compared to 1990.

The IPCC report summarised the results of studies into the potential cost to the 23 developed countries listed
in Annex II of the UNFCCC of implementing the cuts in greenhouse gas emissions set out for the 38
industrialised countries listed in Annex B of the Kyoto Protocol. Without emissions trading between the
Annex B countries, the majority of global studies show reductions in projected GDP of about 0.2 per cent to
2 per cent below the baseline by 2010 for diVerent Annex II regions. With full emissions trading between Annex
B countries, the estimated reductions by 2010 are between 0.1 per cent and 1.1 per cent of projected GDP. The
report notes that there are many ways of presenting the potential costs: “For example, if the annual costs to
developed countries associated with meeting Kyoto targets with full Annex B trading are in the order of 0.5
per cent of GDP, this represents US$125 billion (1,000 million) per year, or US$125 per person per year by
2010”. The report points out that “this corresponds to an impact on economic growth rates over ten years of
less than 0.1 percentage point”.

One vociferous critic of the UNFCCC and Kyoto Protocol is Bjorn Lomborg, author of the book The
Skeptical Environmentalist and organiser of the Copenhagen Consensus, an event organised in 2004 during
which a group of economists attempted to assess the need to tackle various global problems on the basis of
an economic analysis of costs and benefits alone.

Lomborg had previously labelled the benefits of the Kyoto Protocol as “marginal” and claimed that “global
warming is not expected to have a severe impact on human welfare as a whole” in an article in The Lancet in
December 2002, but did not oVer any evidence to counter the findings of the IPCC 2001 report.

In a paper commissioned by the Copenhagen Consensus, William Cline used an analysis of the DICE99
economic model to show that the overall benefits of the Kyoto Protocol would be higher than the costs, with
the advantage accruing to developing countries rather than the industrialised countries that agreed to targets
under the Kyoto Protocol. Lomborg and colleagues controversially re-interpreted the detailed analysis by
Cline to reach the conclusion that “costs were likely to exceed benefits” for the Kyoto Protocol. Furthermore,
the distinguished economist JeVrey Sachs pointed out in The Lancet that the Copenhagen Consensus suVered
from “severe shortcomings” because it did not include input from scientists and “scientific information is
presented through the over-simplified lens of rudimentary cost-benefit analysis”. He described the DICE99
model as “a plausible strategy for an economist, but it doesn’t come close to engaging ‘the best natural-science
models’”. Sachs concluded: “While simple economic models can be illuminating, and I applaud DICE99 for
what it can do, having climate scientists at the table to highlight the shortcomings of grossly simplified
economic models is invaluable for arriving at proper policy conclusions”.

Although opponents of the Kyoto Protocol, such as Lomborg, have made many criticisms, they have not put
forward any robust viable alternative mechanisms that are consistent with the principles set out by the
UNFCCC.

In a paper published in The Energy Journal in 2004, Barker and Ekins examined the costs that the United
States government has estimated of meeting its agreed target under the terms of the Kyoto Protocol of
reducing annual emissions of greenhouse gases by 7 per cent in 2008–12 compared to 1990. They concluded
that as long as the target was achieved through policies that are gradual and well designed that “the net costs
for the US of mitigation are likely to be insignificant”, amounting to no more than 1 per cent of GDP.

The government of the United States indicated in 2001 that it would not ratify the Kyoto Protocol and would
not be bound by its agreed target. According to figures published by the UNFCCC secretariat in October 2004,
annual emissions of greenhouse gases from the United States by 2002 had increased by 13.1 per cent compared
to 1990. The Royal Society has calculated that, even if annual emissions from the United States remain at the
same level until 2012, the rise per year in greenhouse gases of 805,000 tonnes of carbon dioxide equivalents
compared to 1990 levels will still be larger than the combined cut per year of 523,000 tonnes of carbon dioxide
equivalents by all the other parties listed in Annex B of the Kyoto Protocol.

Therefore, with the conservative estimate that emissions by the United States will remain at the 2002 value
until 2012 and all other Parties meet their targets, the Annex B countries, including the United States, will
achieve an overall 1.6 per cent increase instead of a 5.2 per cent reduction.
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Nevertheless, the Kyoto Protocol, which came into force on 16 February 2005, remains a crucial first step
towards the substantial cuts in emissions that will be required this century if atmospheric concentrations of
greenhouse gases are to be stabilised. It is essential that the next commitment period for the Protocol, beyond
2012, includes both developing countries and industrialised countries such as the United States.

The joint statement by 16 national academies of science in May 2001 demonstrated support from the
international scientific community for the Kyoto Protocol. It stated:

“The ratification of this Protocol represents a small but essential first step towards stabilising atmospheric
concentrations of greenhouse gases. It will help create a base on which to build an equitable agreement
between all countries in the developed and developing worlds for the more substantial reductions that will be
necessary by the middle of the century.”

The statement continued:

“There is much that can be done now to reduce the emissions of greenhouse gases without excessive cost. We
believe that there is also a need for a major co-ordinated research eVort focusing on the science and technology
that underpin mitigation and adaptation strategies related to climate change. This eVort should be funded
principally by the developed countries and should involve scientists from throughout the world.”
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Memorandum by Professor S Fred Singer, University of Virginia

1. Will a putative global warming produce damages or benefits?

The study led by Professor Robert Mendelsohn (Yale University) and a team of 23 mostly academic
economists concludes that a doubling of CO2 coupled to a moderate warming will increase the GDP of the
United States. Published by Cambridge University Press, 1999.

Using a similar methodology, the benefits of warming are likely to be even greater for nations at higher
latitudes (UK and Northern Europe) and somewhat smaller for lower latitudes and tropics.

Recall that for tropical latitudes, models predict a lesser than global average warming. Also, any warming will
increase ocean evaporation and perforce the amount of global average precipitation—hence fresh water.

By contrast, the IPCC has adduced negative impacts (damages) from global warming. Note, however, that
while the five studies cited in the Second Assessment Report (1995) appear to give similar estimates of total
damage, they diVer greatly when compared by sector. I have noted that one study cites mainly damage to
agriculture, while another cites mainly damage due to sea level rise. And so forth.

Note also, that both Mendelsohn and IPCC use values for sea level rise given by IPCC that are unrealistically
large. Even so, the Yale study and IPCC diVer not only in magnitude but in sign!

2. Who bears the brunt of climate change and the costs of controls?

The answer to “brunt” is suggested above. The answer to “cost” depends on which countries adopt the Kyoto
Protocol or similar measures. A highly regarded study by Professor William Nordhaus (Yale) suggests that
the per-capita cost for the US is three times greater than for rest of OECD. A summary was published in
Science magazine.

25 January 2005

Memorandum by the Tyndall Centre for Climate Change Research

The Tyndall Centre is a national UK centre for trans-disciplinary research on climate change. It is dedicated to
advancing the science of integration, to seeking, evaluating and facilitating sustainable solutions to climate change
and to motivate society through promoting informed and eVective dialogue. The Tyndall Centre welcomes the
opportunity to submit evidence to this review and would like to be kept informed of subsequent developments.

Emma L Tompkins, Emily Boyd, Sophie Nicholson-Cole, Rachel Warren, Mike Hulme

Q. How are the current estimates of the scale of climate change damage derived?

Damage functions relating some metric quantification of a climate impact to temperature and /or temperature
change, are commonly used to compare the benefits of alternative mitigation policies. This requires the use of
some means to assess the global damages accruing due to climate change across multiple sectors and regions.
Typically, the metric chosen is the monetised costs of climate change. In the simplest case, a global aggregate
damage function is used to link the costs of climate impacts to temperature. Such damage estimates are
strongly aVected by both the functional forms and the parameters used to simulate impacts.

In the literature, few studies have estimated climate impacts at a range of temperatures and thus the damage
functions are usually extrapolated from one or two benchmark estimates—typically a “no climate change”
case, and at “doubling of CO2 concentrations on pre-industrial levels” (eg, Tol 2002b). Pearce (1996) reviewed
estimates of climate impacts on the US economy and many functional forms are calibrated using these
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estimates. Extrapolation implies that a functional form has to be assumed from only two data points. The
graph below illustrates the functional forms of damage functions employed in the literature. The earlier
approaches (eg Manne et al 1995, Nordaus 1993a,b) use polynomials (a type of mathematical formula) in the
absolute level of temperature change in a global aggregate approach. Dowlatabadi & Granger Morgan (1993)
use a diVerent approach in which probabilistic damage surfaces are estimated for market and non-market
goods, expressing GDP losses as a function of change in radiative forcing and time. Later approaches include
regional and sectoral disaggregation (eg Agriculture, Industry) and use more complex functional forms taking
into account both the level and rate of change of temperature (Tol 2002b). However, knowledge of impacts
at the regional scale is uneven and far too incomplete for a thorough regional analysis, particularly in the
developing world. This prevents a holistic treatment of impacts in a rigorous fashion across regions. Thus
methods are frequently somewhat ad hoc. Another critical feature of climate change is an expected increase
in the variability of the climate, and indeed this may be much more important that an increase in mean
temperatures and mean sea levels.

Non- market impacts 
Equity weighting of impacts 
High value of life ad ecosystems 
Ancilliary benefit included 
Valuation of catastrophic impacts 
Inclusion of interaction between impacts 
Low adaptive capacity assumed 
Low or time- varying discount rate 

Market impacts only 
Low value of life and ecosystems 
High adaptive capacity assumed 
High discount rate 

Methodology 

Social cost of carbon 

Of general concern to all these damage function approaches are (i) the general lack of any, or an adequate,
treatment of damages due to extreme weather events, which are predicted to increase in magnitude with
climate change and are likely to be responsible for a large component of climate change damage; (ii) only one
study (Azar & Lindgren 2003) takes any consideration of the potential for large scale changes in the earth
system such as the melting of Greenland or West Antarctic Ice Sheets, the breakdown of the thermohaline
circulation, the collapse of the Amazon rainforest or the release of methane clathrates; (iii) the choice of
discount rate dramatically aVects the value of damage that is incurred in 2100 as opposed to damage that
occurs in 2020, raising moral questions as to whether the quality of life of future generations should be subject
to a discount rate at all; (iv) little or crude representation of adaptation, eg by setting threshold on aggregate
damage function of global temperature range below which there is no modelled damage (Hope et al 1993) or
with very optimistic assumptions of super-intelligent farmer and full potential for CO2 fertilisation realised
(Tol 2002b); (v) lack of treatment in damage functions of interaction between climate damages in diVerent
sectors, eg water demand, agriculture, and conservation of natural ecosystems; (vi) inadequate treatment of
future commitments to temperature and sea level rise which are reached if emissions E are emitted in year Y;
(vii) in multi-sectoral approaches, how to aggregate across diVerent metrics, eg lives at risk/crop failure; (viii)
if monetisation is used to resolve this, which is often extremely controversial, especially when considering how
to value intangibles (ie, non-market goods such as existence of ecosystems); (ix) if monetisation is used,
whether to use PPP or MER exchange rates to aggregate across regions.

In summary, therefore, many diVerent authors have used diVerent methods to arrive at very diVerent
estimations for damage. The Figure above illustrates the drivers which, when included or not in the
calculations, tend to increase/decrease the damage values arrived at. These damage values, normalised to a
single ton of carbon, are commonly referred to as the “social cost of carbon”. (this should not be confused
with the costs of removing, or preventing, that ton of carbon from entering the atmosphere, ie, the mitigation
cost). The same calculations of damage are used in models which attempt to deduce the optimal timing of
mitigation.
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In conclusion, damage valuation and cost-benefit exercises for climate change policy are fraught with
methodological diYculties which are diYcult to resolve. Hence, in many people’s opinion the damages due to
climate change are best expressed in terms of (for example): lives at risk due to hunger, flooding of river/cost,
exposure to disease, water stress, species extinctions, ecosystem functioning problems, and large scale changes
in the earth system. The use of a database of diVerent damages expressed in terms of diVerent metrics, not
monetised except where uncontroversial, and regionally specific, is more useful. Such databases are compiled
in the literature (for example, Hare 2003; there is process led by Defra to gather an impacts database following
the February 2005 Exeter conference).

Q. What are the uncertainties in these estimates?

Clearly, there are considerable uncertainties in estimating climate damages. However, there is a more robust
understanding of the levels of climate impacts that could occur as temperature rises, although even these are
aVected by the future socio-economic development pathway, since this aVects both the stocks at risk and the
adaptive capacity of the human systems. Uncertainty increases as damage is monetised and then aggregated
across sectors, leading to very large discrepancies (up to two orders of magnitude) between diVerent estimates
of the social cost of carbon.

Q. In monetary terms, the impact of change and the costs of control may be greater in rich countries than in poor
countries. But is this an adequate measure?

Relative Impacts of Climate Change

Those most exposed to the impacts of climate change will experience the worst physical impacts, eg people in
low lying areas, people struggling with existing climate variability, people with limited capacity to adapt to
new conditions. However, preparedness levels will determine how sensitive the diVerent groups are to that
exposure. A group with high levels of preparedness will experience much lower impacts and hence lower costs
of impacts. Preparedness refers to both minimising the causes of climate change (mitigating), as well as being
able to cope with the consequences (adaptation).

Wealth (or lack of it) is not the best indicator of who will cope best with the impacts of climate change; a better
indicator is the level of preparedness. For example, recent research on the impacts of hurricanes in the
Caribbean reveals that two countries with excellent preparedness, the Cayman Islands and Cuba, which have
very diVerent levels of income, managed the 2004 hurricane season much more successfully, and with less
impact that the middle income, but less prepared countries of Grenada and Jamaica.

Relative Costs of Preparedness

Preparedness may cost more in a rich country than in a poor country due to higher relative prices, eg relative
price of sand bags. However, as climate change is a global trans-boundary problem, which requires
international cooperation, both in terms of technology transfer and resource sharing to solve it, the issue of
relative cost has to be considered as just one of many factors influencing the decision-making process.

Adequacy of Economic Measures

Other criteria that need to be considered alongside economic eYciency when making decisions about
managing climate change include: the legitimacy of the decision making process to reach internationally
agreed upon targets and strategies, the equitable distribution of costs and benefits in managing the problem,
and most importantly the eVectiveness of the diVerent strategies to achieve the desired outcome.

Q. What would be the relative costs and benefits of using resources, otherwise expected to be allocated to climate change
controls, instead to expand international development assistance?

Appropriateness of Cost-Benefit Analysis

As mentioned above, using conventional economic eYciency arguments in isolation to make decisions about
resource allocation for climate change is not necessarily appropriate (even if the quantification of damage costs
can be made—see above).
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Trade-offs Between Climate Change Mitigation and International Development

In addition, the argument that climate change control activities have to be traded-oV against international
development expenditure is unrealistic. For example, the UK Department of Trade and Industry could
subsidise British industry to invest in mitigation technologies—this is not money that would have been
allocated to international development initiatives. In addition, the UK can invest in “climate-proof”
international development, for example, supporting renewable energy projects for small islands; this would
provide energy security and mitigate climate change.

Bjorn Lomborg’s Copenhagen Consensus suggested that resources should be invested in international
development and not climate change mitigation, but he didn’t take into account that climate change will
exacerbate many existing issues of poverty, particularly in natural resource dependent communities, low-lying
communities, coastal communities, and any others vulnerable to changing climate variability, including more
intense extreme events such as wind storms. The climate change issue has the potential to be an additional
stressor that could exacerbate vulnerability and poverty and as it progresses, it is likely to increase the
economic gradient between north and south.

Q. When are damages likely to occur and how satisfactory is the economic approach to dealing with costs and benefits
that are distant in time?

When are Damages Likely to Occur?

If anthropogenic climate change is occurring now—which it is with a high likelihood; cf. IPCC Third
Assessment Report—then it follows that some of the damage being caused by extreme weather events now is
already attributable to anthropogenic climate change. The diYculty is knowing “how much”, “where” and
“when”. It remains scientifically problematic to attribute any one extreme weather event to anthropogenic
climate change, although new methods are being developed which exploit the idea of “fractional attributable
risk” (cf. its use in the arguments over tobacco and human health). For example, the 2003 summer heatwave
in Europe caused considerable damage, both in terms of human health (up to 20,000 premature deaths) and
economic losses (estimates of ƒ15,000,000,000). Although statistically the event was extremely rare—some
estimates suggest a 1-in-40,000 year event—there is evidence from climate models that anthropogenic climate
change is radically reducing the odds of such an event occurring, and recurring (Stott et al, 2004).

It is certainly possible to make estimates—based on models—on how likely such events will be to occur in the
future, and it may soon become an established methodology to be able to make such statements as “The
fractional attributable risk due to anthropogenic climate change for a certain extreme weather event, and
associated damage, was 0.9—ie, 90 per cent”.

How Satisfactory are Economic Approaches?

Economic analysis may be useful to assess in monetary terms the costs and benefits of balancing adaptation
actions and mitigation activities, however, there is as yet not an agreed upon method by which this can be
undertaken. It is widely argued that two critical issues make the use of conventional cost-benefit analysis
inappropriate for use as a decision support tool when dealing with climate change; these are the uncertainties
and the time frame. First, the long time frame over which climate change impacts will occur raises the problem
of selecting an appropriate discount rate by which to discount future impacts and future adaptations. Second,
the uncertainties associated both with the timing and type of climate change that will appear, as well as the
adaptation strategies that may be adopted to cope with it, make estimating costs and benefits too uncertain
(see answer above).

Subjective decision-making is important when managing extremely uncertain events with big impacts. For
example, in 1953 after the East of England storms the Thames Barrier was constructed. This decision was not
based on a cost-benefit analysis but on a subjective decision (strongly influenced by politics) to avoid another
occurrence of the number of deaths following a large storm. The Barrier has turned out to be crucial to
protecting London, yet the number of uses of the Barrier probably could not have been estimated in 1953, and
hence the benefits of the Barrier could not have been estimated. It is unrealistic to think that pure cost-benefit
analysis will guide all future adaptation decisions.

Q. What other associated benefits might there be from reducing greenhouse gas emissions?

Undertaking mitigation activity now, ie reducing greenhouse gases will reduce the need to adapt in the future,
as it is assumed that the impacts will not be so severe (so long as greenhouse gases can be stabilised at an
appropriate level). Investing in mitigation technology in the present time reduces the uncertainty associated
with future adaptation costs. We also know that there are limits to adaptation, which we will approach as we
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do not mitigate. For example, if the sea level rises by a meter there is little that can be done (given our current
technology and resources) to hold the sea back from the entire coastline of the UK.

The UK could become an economic leader in exporting mitigation technology

Mitigation now would reduce the likelihood of low probability but very high impact events resulting from
rapid climate change. Rapid climate change could appear as:

— A collapse of the Thermohaline Circulation (which could lead to mass migration south).

— Rapid sea level rise (which could lead to mass migration inland)

— Accelerated climate change through feedback mechanisms from melting permafrost (which could
lead to mass migration north).

Clearly the consequences of mass migration would be severe and best avoided.
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