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EXECUTIVE OFFICE OF THE PRESIDENT ﬂ.gtc/zélc
COUNCIL OF ECONOMIC ADVISERS 5

WASHINGTON, D.C. 20500

THE CHAIRMAN

Statement before the House Commerce Subcommittee on Energy and Power
Dr. Janet Yellen
Chair, Council of Economic Advisers

Tuesday, July 15, 1997

Good afternoon, Mr. Chairman and members of the Subcommittee. I appreciate the

opportunity to discuss with you today the economics of global climate change.

Introduction

In his speech to the United Nations Special Session on Environment and Development in
June, President Clinton emphasized that the risks posed by global climate change are real and
that sensible preventive steps are justified. This assessment accords with the views of the more
than 2300 economists, including 8 Nobel laureates, who signed a statement supporting measures
to reduce the threat of climate change. The economists endorsed the conclusions from last year’s
report by the Intergovernmental Panel on Climate Change CPCC), which said that governments
should take steps to reduce the threat of damage from global warming, and went on to argue that

market-based policies can slow climate change without harming the American economy.

At this time the Administration has not settled on a particular set of new policies to
reduce greenhouse gas emissions. Instead, the President indicated in his U.N. speech that he

intends to engage in a discussion with all interested parties about the problems posed by



greenhouse gas accumulations and the costs and benefits of corrective action. To this end, the
President will hold a White House conference on climate change later this year, and Members of
his Cabinet and other senior Administration officials will meet with Members of Congress,
scientific and economic experts, environmentalists, local government officials, and business and
labor leaders on a regular basis over the next several months to discuss issues related to climate
change. This process is intended to inform the Administration’s decision-making process, which
will culminate in a U.S. policy position in the international negotiations in Kyoto in December

of this year.

An important step in this -- and any ;- policy process is determining the impact it will
have on the American economy. President Clinton’s top priority, since his first days in office,
has been revitalizing the U.S. economy, creating jobs and investing in people and technology to
enhance long-term growth. And, we have made tremendous progress. The President is not
going to jeopardize that progress. Any policy he ultimately endorses on climate change will be

informed by his commitment to sustaining a healthy and robust economy.

In my testimony today, I would like to describe some of the principal lessons that emerge
from the voluminous literature, much of it relatively recent, on the economic impacts of policies

to address global climate change.



Underlying Uncertainties

Before I begin my discussion of the economic literature, I would like first to acknowledge
the uncertainties associated with estimating both the costs and benefits of reducing greenhouse
gas emissions. To provide some perspective: as you all know, it is difficult to gauge exactly
what impact the balanced budget agreement will have on the U.S. economy’s growth rate, levels
of employment, interest rates and consumption over the next five years. But with global climate
change, it is orders of magnitude more difficult to gauge the effects on the economy: we are
concerned §vith not just the next five years and not just the American economy, but, rather, we
are dealing with economic and physical processes that operate globally and over decades, if not

centuries.

Although a great many scientists believe that global climate change is already underway,
the more serious potential damages associated with increasing concentrations of greenhouse
gases are not predicted to occur for decades. This means that the benefits of climate protection
are very difficult to quantify. And, while the potential costs of reducing greenhouse gas
emissions may be more immediate, they too, as I will discuss below, .are difficult to predict with
any certainty. Many unanswered questions exist about the biophysical systems, potential
thresholds, and economic impacts. In short, if anybody tells you that he or she has the definitive
answer as to the costs and benefits of particular climate change policies, I would suggest that

you raise your collective eyebrows.



Lessons from the Economic Literature

Let me now turn to the economic literature and try to summarize what I think we know so
far about. this difficult topic. Most economists have not addressed the benefits of climate
protection, but rather have focused on the costs associated with alternative paths for reducing
greenhouse gas emissions. The economic literature includes estimates using many different
models to evaluate numérous alternative emission reduction strategies. In fact, because there are
so many different models, economists initially faced difficulties in comparing results: they could
not sort out the extent to which differences in results stemmed from differences .in models and
assumptions versus differences in baseline emission paths and policies. To solve this problem,
thereby enabling meaningful comparisons, many economists have calibrated the various models
by performing a standardized simulation. Specifically, they have assessed the consequences of

stabilizing greenhouse gas emissions at 1990 levels by 2010 or 2020.

Within the Administration, a staff level working group -- the Interagency Analysis Team
(IAT) -- has attempted to estimate some of the economic implications of climate change policies.
They took the emissions scenario most often used in academic literature -- that is, stabilizing
emissions at 1990 levels by 2010 -- as the starting point for their own analysis. I would
emphasize that this scenario is not Administration pqlicy; instead, it was picked to make
comparisons with other models easier. The staff group employed 3 different models -- the DRI
model, the Second Generation Model (SGM) and Markal-Macro model, all commonly available
in the public sphere. In running these models, the staff adopted a common baseline and, to the
maximum extent possible, similar economic assumptions. This modeling effort produced some
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useful lessons, but as we found from the peer reviewers’ comments, it also suffered from some
serious shortcomings. Both the lessons and the shortcomings point to one clear conclusion: the
effort to develop a model or set of models that can give us a definitive answer as to the economic
impacts of a given climate change policy is futile. Rather, we are left with a set of parameters
and relationships that influence estimates of the impacts. In my view, it is more productive to
employ a broad set of economic tools to analyze policy options than to seek to develop a single

definitive model.

[ understand that a draft of the staff analysis was given to the Subcommittee this moming,
along with the reviewers’ comments. I would be happy to answer any questions you may have

about this modeling effort.

The Lessons. Modeling efforts both inside and outside the Administration clearly
indicate that economic analysis can do no more than estimate a range of potential impacts from
particular policies and highlight how outcomes depend on underlying assumptions about how the
economy works and the ways in which policy is implemented. However, the economics

literature on climate change does point to several important lessons:

How the economy works. First, the magnitude of the costs of reducing greenhouse gas
emissions in the various models depends crucially on a number of key assumptions about

how the economy works. For instance:



. If firms in the economy can shift from high-carbon to low-carbon energy sources
quickly, the costs of climate protection will be lower.

»  Ifthe economy has significant opportunities, even now, to employ energy-saving
technology at low costs, the costs of climate protection will be lower.

. If technological change occurs at a rapid rate, or is highly responsive to increases
in the price of carbon emissions, the costs of climate protection will be reduced.

. If the Federal Reserve pursues a monetary policy oriented toward keeping the

economy at full employment, transitional output costs will be lower.

In short, the greater the substitution possibilities and the faster the economy can adapt,

the lower the costs.

How the plan is implemented. Second, costs depend critically on how emission
reduction policies are implemented. It boils down to this: if we do it dumb, it could cost
a lot, but if we do it smart, it will cost much less and indeed could produce net benefits in
the long run. The over 2300 signatories of the economists’ statement argued that any
global climate change policy should be rely on market-based mechanisms. Such
mechanisms allow for flexibility in both the timing and location of emissi.on reductions,
thereby minimizing the costs to the U.S. economy. The economists concluded that “there
are policy options that would slow climate change without harming American living

standards, and these measures may in fact improve U.S. productivity in the longer run.”



. The speed at which emissions reductions are required can have large effects on the
. estimated costs. It is important to allow sufficient lead-time for orderly
investment in new equipment aﬁd technology. Alternatively, if emission
reduction requirements are too far off in the future, the incentives to adopt energy
efficient technologieé are weakened because people may not view the policy as
credible.

. A “cap and trade” system in which emission permits are issued and then traded
among firms can substantially reduce the cost of meeting an emissions target by
creating incentives for emissions to be reduced by those firms and in those
activities where costs are lowest.

. International emission permit trading substantially lowers costs by applying the
same cost-minimizing principle globally.

. . So-called “banking” and “borrowing” of permits increases flexibility and lowers
costs by allowing firms to change the timing of their emission reductions.

. Joint implementation, whereby US firms would receive credit for undertaking
emission reductions in countries with low abatement costs, would also lower the

domestic burden.

An additional aspect of implementation that profoundly affects the costs of
reducing emissions concerns “revenue recycling.” In many model simulations, emissions
are reduced by using various market mechanisms. For many of these scenarios, the

Federal government realizes an increase in revenues. Economic growth can receive a

o -



long-term boost if these revenues are used to reduce distortionary taxes that diminish the
incentives to invest, save or work, or if the revenues are channeled into deficit reduction,
thereby lowering interest rates and boosting investment. In fact, in some models and
scenarios, emissions reduction generates a net economic benefit when the revenues are

recycled in a growth-promoting fashion.

Which countries participate. The third lesson that emerges from a study of the
economics of climate protection is ﬁlat developing, as well as developed, countries must
be part of the process. While developed countries are responsible for most of the
greenhouse gas currently in the atmosphere, developing countries are starting to catch up.
By 2040, the largest fraction of emissions is estimated to come from developing
countries. Thus, any cbmprehensive plan to deal with this global problem must include a

mechanism to bring developing countries into the process.

The timetable for the inclusion of developing countries is also important. The sooner that
developing countries face incentives to move away from carbon intensive energy sources,
the less likely it is that they will become dependent on those types of fuels to spur their
economic growth. In short, global problems require global solutions. We must find the

technologies and solutions to lead the way.



Conclusion

- Let me conclude. Policies to promote economic growth, create jobs, and improve the
living standards and opportunities of all Americans have been and always will remain the top
priority of the President and his Administration. In his remarks to the Business Roundtable on
global climate change, the President said “[I]et’s find a way to preserve the environment, to meet
our international responsibilities, to meet our responsibilities to our children, and grow the

economy at the same time.”

Some of the key economic lessons we have learned that will help us achieve the

President’s goal include:

. Inherent uncertainty dictates that models should be expected to generate only a range of
economic impacts, not definitive answers.

. Key assumptions about how the economy works directly influence the estimated costs of
climate protection.

. Implementation of any policy needs to be market-based and flexible over time and space
to achieve the lowest cost reductions.

. All nations, both developed and developing, need to participate.

Thank you. I would be happy to answer any questions you may have.
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The Honorable Janet Yellen
Chair

Council of Economic Advisors
Old Executive Office Building
Washington, D.C, 20502

Dear Ms. Yellen:

On July 15, 1997, you presented the Administration's views on the economic and
environment impact of the proposed international global climate change agreement hefore the
Energy and Power Subcommittee. On behalf and the members of the Subcommittee, T thank you
. for your informative testimony. The hearing was indeed enlightening, :

~  With the conclusionof the eighth meeting of the Ad Hoc Group on the Berlin Mandate, I see
significart benefit to a round of follow-up questions to clarify, for the record, some of the issues that
were raised during your testimony and the question and answer session that followed.

Attached is a list of questions for you to auswer on behalf of the Administration. I ask that
you work with the other relevant departments and agencics in developing responses and providing
the relevant documentation where requested. Your responses will be entered into the record in the
same manner as your original testimony. Your responses would be appreciated on or before
September 22, 1997. If you have any questions, please call Cathy Van Way at (202) 225-2927.

Thank you for your continued attention and assistance to the matter.

| c
Dan Schaefer
~ Chairman - ,
—  Enpergy and Power Subcommittee —

1=

I
A
. Attachment



Vd/sla/sal Uo.ou A aViodolaossv walilr BuUonk/NEC L AR

The Honorable Janet Yellen
August 22, 1997
Page 2

cc:  The Honorable Tom Bliley, Chairman
The Honorable John Dingell, Ranking Member
The Honorable Ralph Hall, Ranking Member
Subcommittee on Energy and Power
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10.  Is the paper prepared by the IAT both an analysis and assessment? How does it relate to the
"analysis and asscssment” referred to in Paragraph 4 of the Berlin Mandate? Has the Ad Hoc
Group on the Berlin Mandate provided an analysis and assessment as required by the Berlin
Mandate? o

11. The IAT draft states that the central policy modeled for the analysis “is aimed at reducing
carbon and other greenhouse gas emissions by stabilizing them at 1990 levels” and that
policy would be “announced in 2000 and its restrictions are phased in over a ten year period,
so that the policy would take full effect in 2010.” Reports in the media afier the Denver
Summit that President Clinton attended also referenced this date 0f 2010. In light of EIA’s
projection of emissions 22% above 1990 levels by 2010, is the Administration considering
a target and timetable that calls for stabilization at 1990 levels by 20107

12 The Administration frequently cites the 2000 economists who say they support controlling
greenhouse gases. Their statement supports as the mechanism either carbon taxes or
emission permits. In the past, the Administrationhas said it opposes the use of taxes. Is that
still the Administration’s position?

13.  The IAT draft explains that these emission reductions to achieve swabilization would be
through “issuing tradable permits at the carlicst point of energy production or when imported
into the U.S.” and that the permits “are initially auctioned in a way that is revenue neutral:
i.e., all revenues generated would be recycled through the economy.” Would these revenues
be deposited in the treasury as miscellaneousreceipts under the Economy Acts? Would they
then have to be recycled through changes in the tax laws or by appmpriatidn? How would
they be recycled? '

14,  Does the Administration believe that permit auctions are the equivalent of a new tax? If not,
please explain.

15.  The IAT draft states that “among fuels, demand for coal bears the brunt of greenhouse gas
stabilization.” What is the impact on the U.S. economy as 2 whole and on the relevant coal
regions of this policy towards coal? What will be the job impact? Is the Administration
adopting an anti~coal policy? How is this policy consistent with President’s Clinton 1995
reply to Mr. Dingell that the U.S. will not agree to any protocol that harms our cconomy and
jobs or our competitiveness? .

Kyoto Agreement

16.  Bow long after December 1997 does the Administration think it will take to obtain Senate
advice and consent of any Kyoto agreement, to ratify that agreement, and to enact
implementing legislation?

17.  Which Agency or Department would be responsible for implementing the provisions .of any
agreement reached in Kyoto, including provision relating to joint implementation, emissions
tradinig, and advancing Article 4.17 -

Ny
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SUBCOMMITTEE ON ENERGY AND POWER
HEARING ON GLOBAL CLIMATE CHANGE

. . FoLLow-Up QUEsnousf

enc ic e

L Please identify each member of the Interagency Analytical Team (IAT) from the date of its
inception to the present time, any other participantsinside or outside the Administration, and
- specify their responsibilities.

2. When was the IAT formed and what were the IAT's instructions? Please provide any
documentation regarding the formation of the IAT and its mission, responsibilities,
membership or assignments.

3. Please indicate the total costs of the IAT's efforts and the share paid annually by each
Department or Agency that was involved and please-identify the source of the funds within
each Department or Agency.

4, Is the TAT still in existence? If so, what are its current responsibilities?

b

Please provide a copy of all drafts of the JAT report in addition to the May 16 and 30, 1997
drafts, both earlier and later.

reviewers given? Plecase provide copies of any correspondenceor instructions that were sent

. 6. Please explain how the peer reviewers were selected? What instructions were those peer
to the pecr roviewers.

7. IftheIAT effortis in fact a "failed" project as indicated in Administration testimony at the
Subcommittee hearing how will the Administration determine the appropriate level
of future international climate change commitments for Kyoto and later?

8. As late as Jast May when Dr. Ehrlich and others in the Administration held briefings on the
then draft analysis and assessment there was no hint that the Administration considered this
effort a failure and the models to be unreliable. What occurred since May that cansed the
Administration to apparently reach a different conclusion from that of Dr. Ehrlich? '

9. The IAT draft analysis referred to three scenarios which resulted in costs of future climate
commitments of approximately $200, $100 or $50 per ton carbon tax equivalent. Has the
Administration concluded that a $200 per ton carbon tax equivalent cost will not harm the
U.S. ¢cconomy, jobs, and global competitiveness? Has the Administration concluded that a
$100 per ton carbon tax equivalent cost will not barm the U.S. ¢cononty, jobs, and global
competitiveness? Has the Administrationconcluded that a $50 per ton carbon tax equivalent
cost will pot harm the U.S. economy, jobs, and global competitiveness. Please provide the
basis for any of the above conclusions. If the Administration does not support any of the

+ above costs, what analysis or otheri information does the Administration intend to rely on to

. support a different amount? —_ . _ —_
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23,
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What consideration hag been given or plans made regm-dixig passage of legislation necessary
to implement any agreement reached in Kyoto?

Article 17.4 of the Framework Convention on Climate Change (FCCC) specifies that only
“Parties to the Conventionmay be Partiesto a protocol.” However, there is no assurance that
all or even a majority of the 167 Partics to the FCCC will deposit instruments of ratification,
acceptance, approval or accession to any protocol adopted by the Parties by consensus or
otherwise in Kyoto. What assurances does the U.S. now bave that most, if not all,
developing country Parties to the FCCC will become Parties to a Kyoto protocol? Why is
it in the U.S. interest to agree, without such assurances, to a protocol that proposes to sct
legally binding post-2000 targets and timetables for Annex I Parties only and also imposes
on the U.S. new and legally binding commitments to advance implementationof Article 4.1.
of the FCCC, such as those prescribed in paragraph 1, 2, 3, and 4 of Article S of the U.S.
draft protocol?

In a July 18, 1994 letter to the then House Committee on Energy and Commerce, [the State
Department] said: ' '

We agree that there are substantial cornmitments beyond 2000 for all parties -
to the Framework Conventionunder Article 4. Article4.1 (applicableto both
developed and developing countries) contains commitments that are not
limited by any specific timetable,

a) Is there any evidence to date that the U.S. is not abiding by thesc Article 4.1
commitments? If there is none, why should the U_S. voluntarily agree to reaffirm,
as required by Article 5.1 of the June draft, to what the U.S. already agreed to when
it ratified the FCCC in 19927

b) Is the U.S. asserting that other Annex I Parties are not abiding by such commitments?
' If'so, please identify those Parties,

FParagraph 2 of Article 5 of the U.S. draft Protocol mandates each Party to “strengthen its
lcgal and institutional framework to advance implementation” of Article 4.1 commitments.
What “framcwork™ does the Administrationhave in mind? Does this suggesta new Federal
or intemnational agency or program? Would this be done through new legislation? If not,
how would it be achieved in the U.S.?.

Article 5.3 requires that each Party take “measures to facilitatc investmentin climate-~friendly
technologies.” What “measures” does the Administration contemplate? How would they
be implemented in the U.S.? What are their regulatory and budgetary implementations?

Aticle 16 of the draft provides that the Parties “shall adopt, by [2005], binding provisions
so that all Parties have quantitative greenhouse gas emissions obligations and so that there

3
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is a mechanism for automatic application of progressive greenhouse gas emissions
obligations to Parties, based upon agreed criteria.”

‘ ' a) Does this mean that there could be a second pfotocol or another legal instrument by
[2005] which is only 7 years after the December meeting in Kyoto?

b) Do the words “all Partics™ in this Article mean that only the “Parties” to the U.S.
draft protocol would be required to “adopt” by 2005 such an instrument? Unless
- developing country Parties to the FCCC, such as China, India and Brazl, become
' Parties to the Kyoto instrument (as proposed by the U.S.) prior to (2005], how does
this Article address the issuc of greenhouse gas emission growth by all non-Annex
I Parties?

c) Could such a new instrument adopted by [2005] impose new and additional
obligations on the U.S. beyond those proposed to be adopted in Kyoto? Why is that
possibility a good result for the U.S. economy, trade. and competitiveness?

d) What “mechanism for automatic application of progressive greenhouse gas emissions
obligations” does the Administration contemplate by this proposal? What are its
implications for the U.S,, including its sovereignty? '

24,  Article 16.1 of the Convention provides that “annexes shall be restricted to lists, forms, and
any other material of a descriptive namre that is of a scientific, technical, procedural or
administrative character.” The U.S. draft protocol states, that it may not be “appropriate” to

. adopt the Article 16.1 Convention example. Please explain why. Docs the U.S. support
annexes that would be substantive and mandatory? '

25.  Article 9 of'the U.S. draft provides that Parties “shall cooperate” in establishing a “long-term
goal” regarding concentrationsof gases. Article 10 calls for meetings at “regular intervals”
to, among other things, “periodically review the adequacy” of the Protocol and Article 8 calls
for periodic review of the Protocol and guidelines “in light of evolving scientific knowledge
related to climate change.” Article 2 already suggests a minimum of two budget periods.
Article 16 tells the Parties to adopt “binding provisions” by [2005] for progressive
“obligations.” Does the State Department contemplate over the next several decades a
continuing process of meetings of both the Protocol and Convention Parties annually and a
series of IPCC assessments, special reports, and technical papers, leading to a series of
protocols or other legal instruments that are likely to have significant economic impacts on
the Parties and their people? Why is there a need for such frequent meetings and reviews?

26.  The Global Climate Coalition scnt a Ictter to the Department of State on February 14, 1997
raising a number of questions about the January 17, 1997 version of the U.S. draft protocol,
particularly in regards to trading. The Administration has not yet responded to those
questions. Please respond to them as part of your reply to this inquiry.

3
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EU Bubble

27.

28.

- 29,

30.

The EU proposal made recently in Denver was developed last March as an EU “negotiating
position for the ongoing negotiations on the Berlin Mandate” and it includes burden-sharing
of a 10% reduction among EU members of the “overall emission reduction objective by the
Community as a whole”, This appears to be a form of differentiation, a concept the U.$. is
not supporting. The existing FCCC bubble applicable to the EU presumably only covers
policies and measures and, when adopted, it only covered the 12 Parties that were members
ofthe EU in 1992. Does the U.S. understand that the EU is seeking, by its submissions and
discussion with the U.S, delegation, to extend a form of the FCCC bubble to a protocol and
another legal instrument that may be adopted in Kyoto, to expand the bubble to cover any
target-and timetable or financial obligations and not just policies and measures, and to
expand the bubble to include all present and future members of the EU, such as ¢ountries
from Central and Eastern Ewrope? Why is such an expanded bubble in the economic and

~ competitive interests of the U.S.?

What is the potential impact of such an expanded EU bubble on the U.S. proposal for
international emissions trading? Would it ensure that the EU would get the benefit of any
emissions deficit derived from such Central and Eastern European Members and deprive the
U.S., Japan, Australiaand Canada of that deficit? Would the U.S. then have to rely primarily
on Russia’s emissions deficit in order to derive any of the benefits of trading?

Article 22.3 of the FCCC requires that regional economié integration organizations must
declare the “extent of their competence™ with regard to obligations under the FCCC. Does
the U.S. believe that the EU has the competence to carry out legally binding targets and
tmetables and 1o enforce any differentiated targets for its members if they fail to achieve
them? .

The State Department's Scptember 9, 1996 reply 1o the Committee stated that the U.S. did
Rot agree to an “EU Bubble in Berlin™ and that the U.S. delegation “successfully opposed
including language in the Berlin Mandate which might have suggested that any country or
group of countries could “bubble” in the post-2000 period.” The reply thea said:

Clearly, the question of “bubbling” with respect to post-2000 commitments
is complex, and one that will be closely scrutinized and carefully considered
as negotiations progress. The Administration has consistently and
continuously consulted with Congress, as well as with U.S. industry and U.S.
- NGOs, on all aspects of the negotiations concerning post-20() commitments
and will continue to do so. ' '

The Administration has not yet held meaningful discussions with this Committee on the |

issuc of the EU bubbling to “meet and target and timetables,” its implications for the U.S.,
its merits, or its complexities. Given the fact that negotiations are just approaching a
conclusion in Bonn and Kyoto, when do you plan to consult us on this aspect of the
negotiations?
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31. Since 1992, the composition of the only “regional economic integration organization,”
namely the EU, has grown from 12 to 15 members and several ather countries want to
expand it further. Under what circumstances would the U.S. agree to an EU bubble that is

: ‘ or could be expanded?

en t Vv

32.  The EU has proposed an amendment to the Convention to provide for a vote to adopt all

future protocols by three-fourths if all efforts at consensus are exhausted. The proposed
- amendment would appear to have a retroactive effect for Kyato.

a) Under this proposal, is it possible that three-fourths of the FCCC Parties could vote
to “adopt” any Protocol that imposed new obligations for Annex I and/or non~-Annex
I Parties and then decide not to deposit an instrument of ratification, etc,?

b) Does the U.S. support such an amendment to the Convention?

) Has the U.S. position changed from its June 19, 1996 response to this Committee in
regards to any of these matters? Would the Administration agree to a resolution of
one of these matters, namely voting on a protocol, without a resolution of the
financial and budget matters for both the Convention and all future protocols?

Emissions Trad;

33.  Docs the Administrationintend that any international ernission trading program would apply
‘ in the same way and to the same extent to public and private entities internationally and in
. the U.S.? For example, would it apply to local governmentsand to defense or other agencies
of each Party and to the emissions of such entities? What will be the impact on the U.S.
Defense Department of an international, or, for the matter, a domestic, emissions trading

program?

34.  Greenhouse gases not covered by the Montreal Protocol are not pollutants within the
meaning of the Clean Air Act and are not subject to the command and control provisions of
the Act or other environmentallaws. Itis our understanding that although the U.S. has cited
(in a September 9th reply to this Committee) authority to implement the Climate Change
Action Plan with voluntary measures, the U.S. draft protocol, because it may. call for
mandatory measures, could not be given full effectin the U.S, without the enactment of new
legislation by Congress. Do you share that tmderstanding? Is the Administration
considering a domestic emission trading legislative program patterned on the 1990 Clean Ajr
Act? .
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36.
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; .
I understand that the Administration has recently established the White Housa Climate
Change Task Force, a Deputies Group and an Assistant Secretaries group. Please explain
the role and purpose of each in regards to the development of the Administration’s position
and policies for the international negotiations for a protocol or another legal instrument in
1997 and for the development of implementing legislation in the U.S. Please identify the
members of each group. Please provide any documents regarding the formation of these
groups, their membership, mission, tasks, and/or assignments.

Please provide a table of all contracts, cooperative agreements, grants, and interagency
agreements and any extensions thereof (hereinafter referred to as "agreements") entered into
with any individual, agency, or public or private entity (foreign or domestic) by or through
any federal Department or Agency, including the Departments of State, Commerce and
Energy, and the Environmental Protection Agency, for the period beginning July 1, 1994 to
the present that relates to, or includes, (directly or indirectly) climate change matters or
issues of any kind. These should include matters relating to (a) domestic or international
emission trading, including economic and other analysis of such trading, the administration
and verification of such trading in the U.S. and elsewhere, (b) public outreach, generul and
specific public education. grass roots, community outreach, workshops, (¢) transportation
efficiency, alternative fuels, transportation generally, utilities, impact on pollutants like
ozone and particulate matter, and (d) any legal analysis of these matters and of the
Convention or of any statutes conceming climate change or trading. Each table should
identify the date of the agreement, the agreement recipient, the amount of Federal funds, the
term, including extensions, a brief description, the product and whether it is publicly
available, and the status. Please include with each table the applicable "Statement of Work”,
including any revision thereof, for each such agreement.
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The Honorable Janet Yellen

Chair

Council of Economic Advisors

Old Executive Office Building

Washington, D.C. 20502

Dear Ms. Yellen:

On July 15, 1997, you presented the Administration's views on the economic and

environment impact nf the proposed international global climate change agreement before the

‘ Energy and Power Subcommittee. On behalf and the members of the Subcommittee, I thank you
for your informative testimony. The hearing was indeed enlightening.

—  With the conclusion of the eighth meeting of the Ad Hoc Group on the Berlin Mandate, I see
significant benefit to a round of follow-up questions to clarify, for the record, some of the issues that
were raised during your testimony and the question and answer session that followed.

Attached is a list of questions for you to answer on behalf of the Administration. I ask that
you work with the other relevant departments and agencies in developing responses and providing
the relevant documentation where requested. Your responses will be entered into the record in the
same manner as your original testimony. Your responses would be appreciated on or before
September 22, 1997. If you have any questions, please call Cathy Van Way at (202) 225-2927.

Thank you for your continued attention and assistance to the matter.

!

‘Dan Schaefer
Chairman

_’ , _ — Energy and Power Subcommittee —

Attachment
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cc: The Honorable Tom Bliley, Chairman
The Honorable John Dingell, Ranking Member
The Honorable Ralph Hall, Ranking Member
Subcommittee on Energy and Power
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SUBCOMMITTEE ON ENERGY AND POWER
HEARING ON GLOBAL CLIMATE CHANGE
FoLLoW-UP QUESTIONS'

c ica e

Please identify each member of the Interagency Analytical Team (IAT) from the date of its
inception to the present time, any other participantsinside or outside the Administration, and
specify their responsibilities.

When was the IAT formed and what were the IAT's instructions? Please provide any
documentation regarding the formation of the IAT and its mission, responsibilities,
membership or assignments.

Please indicate the total costs of the IAT's efforts and the share paid annually by each
Departmentor Agency that was involved and please identify the source of the funds within
each Department or Agency. '

Is the IAT still in existence? If so, what are its current responsibilities?

Please provide a copy of all drafts of the IAT report in addition to the May 16 and 30, 1997
drafts, both earlier and later.

Please explain how the peer reviewers were selected? What instructions were those peer
reviewers given? Please provide copies of any correspondenceor instructions that were sent
to the peer reviewers.

If the IAT effortis in fact a "failed" project as indicated in Administration testimony at the
Subcommittee hearing how will the Administration determine the appropriate level
of future international climate change commitments for Kyoto and later?

As late as last May when Dr. Ehrlich and others in the Administration held briefings on the
then draft analysis and assessment there was no hint that the Administration considered this
effort a failure and the models to be unreliable. What occurred since May that caused the
Administration to apparently reach a different conclusion from that of Dr. Ehrlich?

The IAT draft analysis referred to three scenarios which resulted in costs of future climate
commitments of approximately $200, $100 or $50 per ton carbon tax equivalent. Has the
Administration concluded that a $200 per ton carbon tax equivalent cost will not harm the
U.S. economy, jobs, and global competitiveness? Has the Administration concluded that a
$100 per ton carbon tax equivalent cost will not harm the U.S. economy, jobs, and global
competitiveness? Has lie Administrationconcluded that a $50 per ton carbon tax equivalent
cost will not harm the U.S. economy, jobs, and global competitiveness. Please provide the
basis for any of the above conclusions. If the Administration does not support any of the
above costs, what analysis or other informationdoes the Administration intend to rely on to

support a different amount? — : _ —
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Is the paper prepared by the IAT both an analysis and assessment? How does it relate to the

"analysis and assessment" referred to in Paragraph 4 of the Berlin Mandate? Has the Ad Hoc
Group on the Berlin Mandate provided an analysis and assessmentas required by the Berlin
Mandate?

The IAT draft states that the central policy modeled for the analysis “is aimed at reducing
carbon and other greenhouse gas emissions by stabilizing them at 1990 levels” and that
policy would be “announced in 2000 and its restrictionsare phased in over a ten year period,
so that the policy would take full effect in 2010.” Reports in the media after the Denver
Summit that President Clinton attended also referenced this date of 2010. In light of EIA’s
projection of emissions 22% above 1990 levels by 2010, is the Administration considering
a target and timetable that calls for stabilization at 1990 levels by 2010?

The Administration frequently cites the 2000 economists who say they support controlling
greenhouse gases. Their statement supports as the mechanism either carbon taxes or
emission permits. In the past, the Administrationhas said it opposes the use of taxes. Is that
still the Administration’s position?

The IAT draft explains that these emission reductions to achieve stabilization would be
through “issuing tradable permits at the earliest point of energy production or when imported
into the U.S.” and that the permits “are initially auctioned in a way that is revenue neutral:
i.e., all revenues generated would be recycled through the economy.” Would these revenues
be deposited in the treasury as miscellaneousreceipts under the Economy Acts? Would they
then have to be recycled through changes in the tax laws or by appropriation? How would
they be recycled?

Does the Administrationbelieve that permit auctions are the equivalentof a new tax? Ifnot,
please explain.

The IAT draft states that “among fuels, demand for coal bears the brunt of greenhouse gas
stabilization.” What is the impact on the U.S. economy as a whole and on the relevant coal
regions of this policy towards coal? What will be the job impact? Is the Administration
adopting an anti-coal policy? How is this policy consistent with President’s Clinton 1995
reply to Mr. Dingell that the U.S. will not agree to any protocol that harms our economy and
jobs or our competitiveness?

Kyoto Agreement

16.

17.

N

How long after December 1997 does the Administration think it will take to obtain Senate
advice and consent of any Kyoto agreement, to ratify that agreement, and to enact
implementing legislation?

Which Agency or Department would be responsible for implementing the provisions of any
agreement reached in Kyoto, including provision relating to joint implementation, emissions
trading, and advancing Article 4.17 -
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What consideration has been given or plans made regardihg passage of legislation necessary
to implement any agreement reached in Kyoto?

Article 17.4 of the Framework Convention on Climate Change (FCCC) specifies that only
“Parties to the Conventionmay be Parties to a protocol.” However, there is no assurance that
all or even a majority of the 167 Parties to the FCCC will deposit instruments of ratification,
acceptance, approval or accession to any protocol adopted by the Parties by consensus or
otherwise in Kyoto. What assurances does the U.S. now have that most, if not all,
developing country Parties to the FCCC will become Parties to a Kyoto protocol? Why is
it in the U.S. interest to agree, without such assurances, to a protocol that proposes to set
legally binding post-2000 targets and timetables for Annex I Parties only and also imposes
on the U.S. new and legally binding commitmentsto advance implementationof Article 4.1.
of the FCCC, such as those prescribed in paragraph 1, 2, 3, and 4 of Article 5 of the U.S.
draft protocol?

In a July 18, 1994 letter to the then House Committee on Energy and Commerce, [the State
Department] said:

We agree that there are substantial commitments beyond 2000 for all parties
to the Framework Conventionunder Article 4. Article4.1 (applicableto both
developed and developing countries) contains commitments that are not
limited by any specific timetable.

a) Is there any evidence to date that the U.S. is not abiding by these Article 4.1
commitments? If there is none, why should the U.S. voluntarily agree to reaffirm,
as required by Article 5.1 of the June draft, to what the U.S. already agreed to when
it ratified the FCCC in 1992?

b) Is the U.S. asserting that other Annex I Parties are not abiding by such commitments?
* If so, please identify those Parties.

Paragraph 2 of Article 5 of the U.S. draft Protocol mandates each Party to “strengthen its
legal and institutional framework to advance implementation” of Article 4.1 commitments.
What “framework” does the Administrationhave in mind? Does this suggest a new Federal
or international agency or program? Would this be done through new legislation? If not,
how would it be achieved in the U.S.?.

Article 5.3 requires that each Party take “measures to facilitate investment in climate-friendly
technologies.” What “measures” does the Administration contemplate? How would they
be implemented in the U.S.? What are their regulatory and budgetary implementations?

Article 16 of the draft provides that the Parties “shall adopt, by [2005], binding provisions
so that all Parties have quantitative greenhouse gas emissions obligations and so that there
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is a mechanism for automatic application of progressive greenhouse gas emissions
obligations to Parties, based upon agreed criteria.”

a) Does this mean that there could be a second pfotocol or another legal instrument by
[2005] which is only 7 years after the December meeting in Kyoto?

b) Do the words “all Parties” in this Article mean that only the “Parties” to the U.S.
draft protocol would be required to “adopt” by 2005 such an instrument? Unless
developing country Parties to the FCCC, such as China, India and Brazil, become
Parties to the Kyoto instrument (as proposed by the U.S.) prior to [2005], how does
this Article address the issue of greenhouse gas emission growth by all non-Annex
I Parties?

) Could such a new instrument adopted by [2005] impose new and additional
obligations on the U.S. beyond those proposed to be adopted in Kyoto? Why is that
possibility a good result for the U.S. economy, trade, and competitiveness?

d) What “mechanism for automatic applicationof progressive greenhouse gas emissions
obligations” does the Administration contemplate by this proposal? What are its
implications for the U.S., including its sovereignty?

Article 16.1 of the Convention provides that “annexes shall be restricted to lists, forms, and
any other material of a descriptive nature that is of a scientific, technical, procedural or
administrative character.” The U.S. draft protocol states, that it may not be “appropriate” to
adopt the Article 16.1 Convention example. Please explain why. Does the U.S. support
annexes that would be substantive and mandatory? '

Atrticle 9 of the U.S. draft provides that Parties “shall cooperate” in establishing a “long-term
goal” regarding concentrations of gases. Article 10 calls for meetings at “regular intervals”
to, among other things, “periodicallyreview the adequacy” of the Protocol and Article 8 calls
for periodic review of the Protocol and guidelines “in light of evolving scientific knowledge
related to climate change.” Article 2 already suggests a minimum of two budget periods.
Article 16 tells the Parties to adopt “binding provisions” by [2005] for progressive
“obligations.” Does the State Department contemplate over the next several decades a
continuing process of meetings of both the Protocol and Convention Parties annually and a
series of IPCC assessments, special reports, and technical papers, leading to a series of
protocols or other legal instruments that are likely to have significant economic impacts on
the Parties and their people? Why is there a need for such frequent meetings and reviews?

The Global Climate Coalition sent a letter to the Department of State on February 14, 1997
raising a number of questions about the January 17, 1997 version of the U.S. draft protocol,
particularly in regards to trading. The Administration has not yet responded to those
questions. Please respond to them as part of your reply to this inquiry.
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The EU proposal made recently in Denver was developed last March as an EU “negotiating
position for the ongoing negotiations on the Berlin Mandate” and it includes burden-sharing
of a 10% reduction among EU members of the “overall emission reduction objective by the
Community as a whole”. This appears to be a form of differentiation, a concept the U.S. is
not supporting. The existing FCCC bubble applicable to the EU presumably only covers
policies and measures and, when adopted, it only covered the 12 Parties that were members
of the EU in 1992. Does the U.S. understand that the EU is seeking, by its submissions and
discussion with the U.S. delegation, to extend a form of the FCCC bubble to a protocol and
another legal instrument that may be adopted in Kyoto, to expand the bubble to cover any
target and timetable or financial obligations and not just policies and measures, and to
expand the bubble to include all present and future members of the EU, such as countries
from Central and Eastern Europe? Why is such an expanded bubble in the economic and
competitive interests of the U.S.?

What is the potential impact of such an expanded EU bubble on the U.S. proposal for
international emissions trading? Would it ensure that the EU would get the benefit of any
emissions deficit derived from such Central and Eastern European Members and deprive the
U.S., Japan, Australiaand Canada of that deficit? Would the U.S. then have to rely primarily
on Russia’s emissions deficit in order to derive any of the benefits of trading?

Article 22.3 of the FCCC requires that regional economic integration organizations must
declare the “extent of their competence” with regard to obligations under the FCCC. Does
the U.S. believe that the EU has the competence to carry out legally binding targets and
timetables and to enforce any differentiated targets for its members if they fail to achieve
them? -

The State Department's September 9, 1996 reply to the Committee stated that the U.S. did
not agree to an “EU Bubble in Berlin” and that the U.S. delegation “successfully opposed
including language in the Berlin Mandate which might have suggested that any country or
group of countries could “bubble” in the post-2000 period.” The reply then said:

Clearly, the question of “bubbling” with respect to post-2000 commitments
is complex, and one that will be closely scrutinized and carefully considered
as negotiations progress. The Administration has consistently and
continuously consulted with Congress, as well as with U.S. industry and U.S.

. NGOs, on all aspects of the negotiations concerning post-2000 commitments
and will continue to do so.

The Administration has not yet held meaningful discussions with this Committee on the
issue of the EU bubbling to “meet and target and timetables,” its implications for the U.S.,
its merits, or its complexities. Given the fact that negotiations are just approaching a
conclusion in Bonn and Kyoto, when do you plan to consult us on this aspect of the
negotiations?
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Since 1992, the composition of the only “regional economic integration organization,”
namely the EU, has grown from 12 to 15 members and several other countries want to
expand it further. Under what circumstances would the U.S. agree to an EU bubble that is
or could be expanded? -

end %

32.  The EU has proposed an amendment to the Convention to provide for a vote to adopt all
future protocols by three-fourths if all efforts at consensus are exhausted. The proposed
amendment would appear to have a retroactive effect for Kyoto.

a) Under this proposal, is it possible that three-fourths of the FCCC Parties could vote
to “adopt” any Protocol that imposed new obligations for Annex I and/or non-Annex
I Parties and then decide not to deposit an instrument of ratification, etc.?

b) Does the U.S. support such an amendment to the Convention?

c) Has the U.S. position changed from its June 19, 1996 response to this Committee in
regards to any of these matters? Would the Administration agree to a resolution of
one of these matters, namely voting on a protocol, without a resolution of the
financial and budget matters for both the Convention and all future protocols?

Emissions Tradi

@ -
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Does the Administrationintend that any international emission trading program would apply
in the same way and to the same extent to public and private entities internationally and in
the U.S.? For example, would it apply to local governments and to defense or other agencies
of each Party and to the emissions of such entities? What will be the impact on the U.S.
Defense Department of an international, or, for the matter, a domestic, emissions trading

program?

Greenhouse gases not covered by the Montreal Protocol are not pollutants within the
meaning of the Clean Air Act and are not subject to the command and control provisions of
the Act or other environmental laws. It is our understanding that although the U.S. has cited
(in a September 9th reply to this Committee) authority to implement the Climate Change
Action Plan with voluntary measures, the U.S. draft protocol, because it may. call for
mandatory measures, could not be given full effectin the U.S. without the enactment of new
legislation by Congress. Do you share that understanding? Is the Administration
considering a domestic emission trading legislative program pattemned on the 1990 Clean Air
Act? .
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I understand that the Administration has recently established the White House Climate
Change Task Force, a Deputies Group and an Assistant Secretaries group. Please explain
the role and purpose of each in regards to the development of the Administration’s position
and policies for the international negotiations for a protocol or another legal instrument in
1997 and for the development of implementing legislation in the U.S. Please identify the
members of each group. Please provide any documents regarding the formation of these
groups, their membership, mission, tasks, and/or assignments.

Please provide a table of all contracts, cooperative agreements, grants, and interagency
agreements and any extensions thereof (hereinafter referred to as "agreements") entered into
with any individual, agency, or public or private entity (foreign or domestic) by or through
any federal Department or Agency, including the Departments of State, Commerce and
Energy, and the Environmental Protection Agency, for the period beginning July 1, 1994 to
the present that relates to, or includes, (directly or indirectly) climate change matters or
issues of any kind. These should include matters relating to (a) domestic or international
emission trading, including economic and other analysis of such trading, the administration
and verificationof such trading in the U.S. and elsewhere, (b) public outreach, general and
specific public education, grass roots, community outreach, workshops, (c) transportation
efficiency, alternative fuels, transportation generally, utilities, impact on pollutants like
ozone and particulate matter, and (d) any legal analysis of these matters and of the
Convention or of any statutes concerning climate change or trading. Each table should
identify the date of the agreement, the agreement recipient, the amount of Federal funds, the
term, including extensions, a brief description, the product and whether it is publicly
available, and the status. Please include with each table the applicable "Statement of Work”,
including any revision thereof, for each such agreement.
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‘ Note to: Dan Tate
Katie MeGinty

Todd Stern
From:  Dirk Forrister

Here are our notes from the hearing yesterday. Would you suggest further distribution?
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Climate Change Hcaring
House Commerce Committce

Subcommittee on Energy und Power
July 15, 1997

Members attending:

Dan Schaeter. Subcommittee Chair (R-CO)

Tom Bliley, Full Committee Chair (R-VA)

Michael Crapo (R-ID)

Rick White (R-WA)

James Rogan (R-CA)

Edward Whitfield (R-KY)

John Shimkus (R-IL)

Ralph Hall, Ranking subcommittee member (D-TX)
Ed Markey (D-MA)

Tom Sawyer (D-OH) [not on subcommitte: just sitting inj
Karen McCarthy (D-MQO)

Witnesses:

Tim Wirth, Undersecretary for Global Atfairs, U.S. Dept. of State
Janet Yellen, Chair, President’s Council of Economic Advisors

In general, the Republican members were astonished that the Administration is backing away from
the long-promised analysis and assessment. They were particularly surprised by Dr. Yellen's
characterization of the IAT effort as a “lailed project” and a “futile exercise.” Toward the end,
they were almaost pleading to be consulted prior to the Kyoto meeting,

Mr. Schacefer began by saying that this is the first hearing of the 105th Congress. He was pleased
to finally get some real information in the form of the draft economic analysis and assessment and
the peer review comments and he looked forward to hearing what the Administration thinks of the
numbers. He wants to know what is Administration policy and what is not, and at least narrow
the range of the options on the table. He agrees with the Administration that any actions must be
reasonable and achicveable and that flexibility is key. He is looking for assurances that the

Administration will not rush 1o judgement in December 1997, and will not sign an agreement that
results in trunferring cmissions and jobs overseas.

Murkey said nice things about Wirth. He then said that he thought today was an appropriate day
to have this hearing--with temperatures expected to top 102 degrees and ozone expected to hit
dangerous levels. He quoted Mark Twain’s comment that everybody talks about the weather but
nobody ever does anything about it, but that he hopes there will be real action in Kyoto. He
applauded the Clinton Administration for their leadership, and expressed his confidence that the
Administration is basing its policy on the best scientific information and a clear understanding of
the economic implications. Hc said he is particularly interested in energy conservation and
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. renewables, and in the role of India and China.

Bliley said that in 2 weeks the Administration will be negotiating in Bonn, and in less than 6
monthg, if things go as planned, we’ll have an agrecment, and yet when he looks at the
Administration’s proposal he sees a picce of paper with the most critical elements blank. He's
glad to see a draft of the long promised analysis. but concemned that stabilization at 1990 levels by
2010 will require the “equivalent of a tax™ of 26 cents/gallon of gasoline, 2 ceats /kwh,
$52.50/ton of coal: $1.49/MCF natural gus. (Several members used the phrase “the equivalent of
a tax™) Going 10% below doubles the cost; 10% above cuts the cost in half. The analysis raises
more questions than it answers. How do our costs compare to Europe's? Will Curope get an
economic advantage from this treaty? How do we know we’re not just moving emissions and
jobs overscas? He said that because he has questions does not mean that he isn’t concerned about
the environment.

Dingell expressed concern about the ambitious negotiating schedule. Kyoto is less than 5 months
away. He applauds the Administrution for providing some of the information the Committec had
requested. He wants 1o know what impact the information will have on the negotiations. He
quoted a letter he received from President Clinton in 1995 which said (a) that this process must
reflect thoughtful analysis and (b) that he won’t agree to anything that will adversely affect U.S.
competitiveness, Dingell said that the negotiating parameters of the Berlin mandate. which rule
out developing coutnry commitments, rule out protecting American competitiveness. The
Administration agreed in Berlin fast year to develop, at early stages, an analysis and assessment of

. possible policies for Annex I countries to adopt. | There seemed to be some confusion about this
intcrnational analysis and asscssment which the TPCC completed last year, which is different from
the analysis and asscssment which the Administration promised. Wirth cleared this up later.] We
have already provided our negotiating text; the public has littde opportunity t0 comment on the
analysis..."'l wonder how anybody can be comfortable with theis process...How has the
Administration been able to progress so far so fast without this information?”

Whitfield said that he has met with labor business and environmental interests and that they all
agree that the climate change issue has greater impact on the U.S. than any other environmental
issue we've considered recently. He has been concerned that that Adminstration has been
reluctant to say where it’s headed, and there’s been a lack of information and candor. He is
worried about the equivalent of a $95 or $100 per ton carbon tax. He is is worried that Wirth
told the Senate a4 couple of weeks ago that the rcason we have to go from voluntary to
involuntary targets is that the U.S. economy is doing too well.

Shimkus said it’s warm in southern Ilinois so he doesn’t mind the heat. He's worried about
closing factories. closing coal mines. He knows there’s angst about discussing jobs and the
environment, but he’s not sure the science is there yet on this issue,

White said he has no preconceived notions on this issue. The central issue for him is how to

figure out how to spend our scarce resources when we don't have all the information we need.

We need to protect our environment, but we need to do in the most cost-effective way. We really
. don’t know what greenhousc gas emissions are doing to the climate, but some want to err on the
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difference is between legally binding and binding because the Vienna Convention on the Law of
Treatics says that every treaty is binding. Wirth said he would consult with lawyers at State and
get back to him. Whitfield asked about the U.S. position on developing countries and

Wirth explained it. Whitfield asked if the Administration is moving toward an anti-coal policy.
Wirth said no, the U.S. policy is to reduce greenhouse pases while maintaining a strong U.S.
economy.

Mc¢Carthy asked about the economists’ letter and the WRI study, Yellen talked about the
importance of technology and investment and market signals. She said the economics literature
provides uscful guidelines but that ultimately one needs to make a judgement. Wirth mentioned
the 1.os Alamos study (I think he meant the 5 labs study which isn’t out yet.) Yellen said there
are better and worse ways to do this. Flexibility in time and place is key. The tradeable permit
program for acid rain is a good model. Revenue recycling would provide opportunities to reduce
other taxes. If we do this sensibly. we can end up with a win for the economy. We're at the end
of the road on the 1AT exercise

Schaefer asked how developing countrics have responded to J1 and trading. Wirth said not as
well as we would like. Schaefer said he likes trading.

Yellen said we should not place reliance on any particular model or range of models or expect to
find precision. 1t's a futile exercise. We are not going to continue in any search for perfection.
There is no madel that accounts for everything, Economic analyses do offer us a range of
insights. Models give a roughhand look at how much difference different approaches could make.

Shimkus tried to ask a question about the satellite data, but he flubbed the question when Wirth
asked him to clarity. He thinks the scicnce isn’t clear. Wirth offercd to set up a science briefing
tfor him. Shimkus asked where should we spend our money--reducing emissions in the U.S. at
high cost or in developing countries at low cost. Yellen said that there are high and low cost
opportunities in both places. The virtue of a market system is that it creates incentives to find the

cheapest reductions anywherc. Shimkus said he is intercsted in JI and international trading. He —

also said he wants to give good guys credit for early reductions. Yellen said that the Cov ra <t
Administration has no policy as 10 how we would achieve reductions (she said “we have no gft /b
policy™ a few times during the hearing), the price of fossil fuels should be higher to take into o

. ) : , y RS
account environmental damage. Wirth said we don’t have a package of proposals. but you would +h
want to give credit to ones who have done well. Shimkus said it is important that this committee
and this body make the decisions and that the Administration not do it by rules.

Murkey pointed out that this commitiee would be the one to make these decisions. He said that
he is worried about sea level rise, although he-is intrigued by the possibility of his hometown
becoming beachfront property. He asked, “What are the benefits of dealing with climate change?”
Yellen said that if we fail to take steps now. ncw plants will be built without taking into account
climate change. Then when we finally decide we need to do something later. it might be unduly
expensive. Wirth told a story about how people in Florida east of 1-95 are losing their insurance
because of all the storms. Markey also asked about the renewables standard in electricity
restructuring debate. Witth pointed out that the treatment of stranded costs for nuclear power
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side of caution.

MecCarthy talked about her experience on a Missouri state commission looking at climate change
issues. She suid we need to make sure developing countries join in this process. We also need to
educate the public at home. She sees climate change as a national security issue. If implemented

right, it can be clearly positive for the U.S. (c.g.. in Missouri they found that alternative fuels are
an economic winner.)

Dr. Yellen said that the costs depend on a number of critical assumptions. If we do it dumb, it's
expensive. If we do it smart, it’s not so bad. Developing countries must be part of the process.

Undersecretary Wirth said the science is clear and compelling, We agree that the developing
countries must take on commitments. . The issuc is when. The developed and developing
countries have common but differentiated responsibilitics. Tt is neither realistic nor consistent
with the Climate Convention approved by the Senate to require developing countrics to be on the
same schedule as the developed countries. The Administration welcomes your ideas and support.

Schaefer's first question was on the Argonne report. Yellen’s response wasn’t quite right. She
said that the Argonne scenarios came from the base casc in the IAT report, which assumed no
flexibility in implementation. He asked her what the scenarios were and she said she would
provide that for the record. Regarding the TAT report, Yellen said the staff tocused on a scenario
that was not Administration policy. She said the analysis is concluding because it’s futile.

Schacfer said that he is surprised that we still don’t have the analysis that was promised in the last
Congress.

Dingell gave Wirth andYellen a hard time. He tried to get them to say that all of thc important
decisions (e.g.. leaving out developing countries) were made without doing any analysis, but
Yellen pointed out that the targets and timetables haven’t been decided yet “The U.S. position on
flexibility and developing countries is settled. she said. Dingell said the analysis is too little too
late. Dingell asked Yellen whether developing countrics get a huge advantage by not having
requirements, and she said that it depends how it is implemented. Wirth said that the U.S.
position is that developing countries will have to do some things. Dingell said “but there are no
enforcement mechanisms.” and Wirth said that there are no enforcement mechanisms for our
commitments cither. Dingell said he is worricd that the Administration will just do this by
regulation, like they did with PM and ozone. and not bother with implementing legislation.
Schaefer chimed in and quoted from an EPA analysis that said that EPA could impose a 50
cents/gal gasoline fec without new legislation. Dingell tried to get Wirth to promise that the
Administration wouldn’t use its regulatory authorities, but Wirth demurred.

Wirth said that there are discussions going on between the Administration and the House

leadership on setting up a Congressional obscrver group for the negotiations. He suggested that
interested members should join.

Whilfield asked what the signiticance of legally binding targets are if there is no enforcement
mechanism. Wirth said that nations just gencrally comply. Whitfield also asked what the
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plants is the restructuring debate is also relevant for climate change. Markey said he thinks the
treatment of stranded costs should be a state decision, but a national rencwables standard is a
good idea.

Rogan asked about the timing of the analysis. Wirth explained that we had hoped to have it by
the first of this year. The modeling was harder than we thought it would be. The predictive
power is less thun we had hoped. We’re not going to go any furthre with this exercise.

Crapo said “You’re not going to continue with economic analysis?" Yellen said we are still going
to do analysts, but we will not rely on a asingle model or small group of models. The tool kit has
nt worked. For any policy we propose. we will testify on its economic impact. We will share all
kinds of analyses of particular issues. There is no expectation that there will be a final draft.

Rogan asked, “If we ask how will this impact the iron and steel industries, will you be able to
answer?” Yellen said no. *“Are we going to be able to hear before December on a solid economic
analysis of particular industries?” Yellen said if you're expecting forccasts of jobs in the steel
industry by 2020, the answer is no. Rogan said that Argonne National Lab wasn’t reluctant to do
this type of analysis. and they said this treaty will devastate the steel industry. Yellen said the
Argonne report didn’t assume flexibility. The price scenarios were based on relatively stringent
and rigid policies. President Clinton’s #1 priority has been jobs and the economy; he would not
support bad policies.

Hall said nice things about Wirth, Hall asked whether the current draft is the last draft. Yellen
said it is in muny ways a failed project. Hall was concerned that the President said the new air
quality standards are a positive first step but more to follow. Wirth cxplained that there were
three models--a DOE model, and EPA model. and the DRT model. (This isn’t quite right.) Hall
asked if we have time to do the necessary work by December. Wirth said that it’s like an election,
you do whatever you can by election day. Hall said it looked like if the work isn’t done, we'll get
an agreement anyway.

Crapo said that for 2 years we have expected an economic analysis and policy to be based on that
analysis-—-and now we find out it is a failed project. Wirth described the effort as trying to build a
composite model of three models, and we failed. (That isn’t what we were doing at all.) Crapo
said Congress is supposed to have a role in this. Is there going to be some time when the
Administration tells us what their economic analysis is so that we can participate? The President
is going to usk us and the rest of America what he should do. This is going to be dropped in our
lap. Is there some time that the President will tell this Committee anything?

Wirth said that we will come to a conclusion on targets and timetables at the end of October. This
will be presented to Congress prior to Qctober. (Is this true?) Wirth suggested that members
work with us through the observer group. Crapo said he is still at a loss as to when Congress will
get the information on which to base policy. “We want to engage with you.”

Crapo asked if Wirth acknowledges that what he does will be subject to a vote in the Senate.
Wirth said yes. and it will require cnabling legislation.
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Hall said we’d like to have some input “betfore the fuct, rather than you bringing something back
that I in the oil patch and Dingell in Michigan can’t live with.”

Pallone was friendly. He said he liked the Presidnet’s speech. He’s interested in the rencwable
energy industry and in joint implementation. Yellen said we want to see credits for joint
implementation. :

Schaefer concluded that all we're asking is that before you act. you tell us the options and the
economic implications. People are starting to ask us about this.
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Mr. Chairman, distinguished members of the Committee on Environment and Public Works:
I am very grateful for the opportunity to participate in these Hearings on the scientific understanding
of global climate change. My testimony will focus on the economics of climate change. As a point
of departure I will use the “Economists’ Statement on Climate Change™ included in my written
testimony. I was one of five co-authors of this statement, which was circulated in January of this year
and has now been endorsed by 2600 economists, including eight Nobel prize winners.

The first paragraph concludes that global change involves significant environmental risks and
preventive steps are justified. The second paragraph summarizes economic studies showing that there
are policies for reducing greenhouse gas emissions with benefits that outweigh the costs. The third.

paragraph describes these policies in more detail and emphasizes the importance of relying on
market-based mechanisms.

The economics of climate change can usefully be divided into three parts. The first is
determination of the overall objective of climate policy. The economists’ approach to this problem
is to choose a policy that produces the greatest margin of benefits over costs. Using economic jargon,
I will refer to this as the “optimal” policy. Such a policy would stipulate a time path for future -
emissions of greenhouse gases that could be embodied in an international agreement.

After an overall objective is chosen, the second step is to devise a means of implementing this
goal. Emissions of greenhouse gases would have to be allocated among the signatories of an
agreement. In addition, emissions by countries that are not signatories would have to be taken into
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account, since the global climate is affected by total emissions. Third, given an allocation of
greenhouse gas emissions among countries, each country would have to implement its emissions goal
by devising policies that would hold emissions within the prescribed quota. Furthermore, the
international community would have to monitor emissions for all countries.

Let me begin with an evaluation of our existing climate policy, the Climate Change Action

~ Plan (CCAP) of 1993. This Plan-consisted of voluntary actions projected to reduce emissions to 1990

levels by the year 2000. The goal was stipulated in the United Nations Framework Convention on
Climate Change ratified by the United States in October 1993.

The impact of CCAP is summarized in the final chart, which compares a projection of U.S.
emissions of greenhouse gases under the original CCAP “baseline,” projecting emissions without the
Plan. The CCAP actions were projected to reduce emissions to 1990 levels by the year 2000. The
third line on the chart gives actual U.S. emissions through 1996. These are above the CCAP baseline
and far above emissions levels required for stabilization. Clearly, we need to consider alternatives
to our existing climate policy.

The starting point for a discussion of climate policy is the damages associated with a change
in the climate. This is based on combining a physical description of the climate with an economic
description of the world economy. This type of analysis is called “integrated assessment” and an
assessment of this type has been carried out by William Nordhaus of Yale University in his 1994
book. The loss associated with climate change is 1.34 percent of world product in 2050. -

How large are the damages associated with climate change? They are equivalent to the loss
of about one year of world economic growth. Obviously, this is sizable, but not overwhelming. In
the view of the signatories of the Economists’ Statement on Climate change, this is sufficient to justify
preventive steps to reduce greenhouse gas emissions.

Next, suppose we choose reductions in emissions that will produce the maximum difference
between costs and benefits. How large are the benefits of this policy? Nordhaus has calculated the
benefits for the world as a whole to be equivalent to $271 billion dollars. This is only 0.04 percent
of future consumption! While damages associated with climate change are substantial, steps to
mitigate these damages will produce only very modest effects.

Let me emphasize at this point that the policy I have described conforms to the Economists'
Statement on Climate Change. Preventive steps are justified. Policies like the one I have described
would reduce greenhouse gas emissions and could employ market-based mechanisms to do so. A
policy appropriate for international implementation would be the system of internationally tradeable
permits described in the U.S. Climate Change Proposal of January 17.

For domestic implementation of the optimal climate change policy an appropriate market
mechanism would be to impose taxes on greenhouse gas emissions. These taxes would be relatively
modest, amounting to an initial tax of $5.29 per ton of carbon and rising to $10.03 per ton by the year
2025. My paper with Peter Wilcoxen, “The Economic Effects of a Carbon Tax,” analyzes the effects
of a tax on emissions of carbon dioxide, the most important greenhouse gas, in greater detail.



Wilcoxen and I calculate the cost of achieving various goals, including the stabilization goal of the
United Nations Convention. We also consider different methods for “recycling” the revenues from
a carbon tax and find that the economic cost is highly dependent on the use of the revenue. Finally,
we consider the use of alternative tax-instruments, such as a “Btu” tax on energy and an ad valorem
tax on energy.

Our overall conclusions are, first, that a carbon tax is superior to other tax instruments.
Second, by using the revenues to reduce the most burdensome taxes, namely taxes on income from
capital, economic growth can be stimulated rather than retarded. Of course, reducing the tax burden
on capital by substituting other forms of taxation would produce similar effects with no effect on
emissions of greenhouse gases.

To sum up: The economics of climate change is well understood. The optimal policy,
described in more detail in my written testimony, involves a modest reduction in the growth of
greenhouse gas emissions. This should provide the basis for any international agreement that would
supersede the United Nations Framework Convention of 1994. However, this involves smaller
reductions than our existing climate policy, the U.S. Climate Change Action Plan.

The U.S. Climate Change Proposal from last January contains a useful contribution to
international implementation by proposing a system of internationally tradeable permits for emissions.
Domestic implementation requires a process for setting country-specific quotas for emissions. This
might impose lower or higher reductions in emissions for the U.S., relative to other countries. After
the U.S. quota has been determined, the final step would be to impose a tax on emissions like the
carbon tax discussed in my paper with Wilcoxen.
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WHAT IS THE PROBLEM?

—  GLOBAL CLIMATE AS A
COMMON PROPERTY RESOURCE

GLOBAL ECONOMIC DAMAGE:
@ 134 PERCENT OF WORLD PRODUCT
IN THE YEAR 2050

THIS IS EQUIVALENT TO ONE
YEAR’S ECONOMIC GROWTHI!
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THE ECONOMIST’S POLICY RESPONSE

POLICY INSTRUMENT:
A WORLD CARBON TAX

AN OPTIMAL TRANSITION PATH
FOR SLOWING CLIMATE CHANGE

PRODUCES A BENEFIT OF

- 5271 BILLION
U.S. DOLLARS OF 1989



_5- -
PRACTICAL IMPLEMENTATION

. INTERNATIONAL COORDINATION:
A POSSIBLE FRAMEWORK AGREEMENT

POLICY INSTRUMENT:
INTERNATIONALLY TRADEABLE PERMITS —
DOMESTIC POLICIES:
— NATIONAL CARBON TAXES
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TWO ALTERNATIVE POLICIES

THE RIO EARTH SUMMIT:
STABILIZE THE CLIMATE

CLINTON-GORE ACTION PLAN:
STABILIZE EMISSIONS

A MORE LIMITED ECONOMIST’S ROLE:
MINIMIZING THE COST OF
ACHIEVING THESE OBJECTIVES
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EVALUATING THE ALTERNATIVES

STABILIZING EMISSIONS
RESULTS IN AN ADDITIONAL COST OF

$7.069 TRILLION
U.S. DOLLARS OF 1989

STABILIZING THE CLIMATE
ADDS A FURTHER COST OF

$12.521 TRILLION
U.S. DOLLARS OF 1989

DOING NOTHING IS SUPERIOR TO
EITHER OI;-:'THESE ALTERNATIVES!
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THE CLIMATE CHANGE ACTION PLAN

STABILIZING EMISSIONS AT
1990 LEVELS BY THE YEAR 2000

FIFTY ACTIONS INVOLVING
ALL SECTORS OF THE ECONOMY

NO TRADEABLE PERMITS;
NO ENERGY TAXES —
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A PRACTICAL BEGINNING

1. ELIMINATE SUBSIDIES TO
ENERGY CONSUMPTION

2. SUBSTITUTE ENERGY TAXES
—FOR INCOME TAXES



ECONOMISTS’ STATEMENT
ON CLIMATE CHANGE

Endarsed by Over 2000 Economiits
including six Nobel Lanrcates

1. The review conducted by a distiriguishcd international panel of scientists
under the auspices of the Intergovernmental Panel on Climate Chang,c- has
determined that “the balance of evidence suggests a discernible human influence on
global climate.” As cconomists, we belicve that global climate change carries with it
significant cnvironmcntal: cconomic, social, and gecopolitical risks, and that

prevendve steps are justified.

II.  Economic studics have found that there are many potential policies to
reduce greenhouse-gas emissions for which the total benefits outweigh the toral
costs. For the United States in parrticwiar, sound cconomic analysis shows that
there are policy options that would slow climate change without harming
Amecrican living standards, and these measures may in fact improve U.S.

productivity in the longer run.

ITII. - The most cfficient approach to siowing climate change is through market-
based policies. In order fo,rthe. world to achieve its climatic objectives at minimum
cost, a cooperative approach among nations is required——such as an intcrnational
cmissions trading agreement. The United Statgs and other-nations can most
cfficiently implement their climate policies through market mechanisms, such as
carbon taxes or the auction of emissions permits. The-revenues generated from such
policies can cffectively be used to reduce the deficit or ro lower existing raxes.



Chapter 5 82
|
Table p.1
Net benefit of alternative policies on discounted consumption
Discounted Value of Consumption Impact on
: ' Annualized
Base Value Impact of Program: Value of
(trillions of Difference Percent Consumption

(billions of $/yr.)

Case Policy 1989 U.S.$) (billions of $) Difference
1 No mitigation 730.90 0 0.00 0
2 Optimum 731.17 271 0.04 -1
3 10-year delay 731.14 243 0.03 10
4 Stabilize emissions ' .

at 1990 level 723.83 (7,069) (0.98) (283)
5 Stabilize emissions |

at 80 percent of

1990 level 718.38 (12,521) (1.74) (501)
6 Geoengineering 736.50 5,601 0.76 224
7 Stabilize climate at |

maximum of 1.5

degrees C increase 689.92 (40,980) (5.94) (1,639)

. Notes: The present value of consumption is calculated as the consumption stream from

1990 on discounted to 1990 at the rate of interest on goods and services calculated in the

optimal program. Values'in parentheses
U.S. dollars. Annualized consumption is ca

(equal to .04) times discounted value of consumption.

iridicate negative values. All values are in 1989
lculated at rate of interest less rate of growth
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Table 8.1 Effects of eliminating subsidies
- on commercial energy in Eastern Europe
and the former U.S.S.R. and in developing

countries
Eastern
. Europe
| | and former Developing
Effect - U.S.S.R. countries
Reduction in emissions, 1995
Amount (millions of tons of |
carbon) | . 446 234
As share of projected regional
. emissions (percent) 29 11
- As share of projected global
emissions (percent) — - 7 4
Cumulative reduction, 1991-2000
Amount (millions of tons of
carbon) 3,796 2,318
As share of projected cumulative
regionai emissions (percent) 24 11
As share of projected cumulative
global emissions (percent) 6 4

Note: The base case is derived from World Bank projections of
energy demand. In this scenario, worldwide carbon dioxide
emissions increase by about 20 percent between 1990 and 2000.
Sources: World Bank staff estimates using Bates and Moore,

background paper; Imran and Barnes 1990; Marland and others
1989; Hughes 1991.
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PREFACE - |
I

Last year in Rio de Janeiro, Brazil, world leaders and citizens from more than 200
ountries came together to confront the global ecological crisis. The Earth Summit aroused the
opes and dreams of people around the world and set in motion ambitious plans to address the
lanet's ‘deepest environmental threats, We shared a common mission: to provide a higher
uality of life for ourselves and a brighter future for our children. -

At the Earth Summit, the United States joined other countries in signing the Framework
‘onvention on Climate Change, an international agreement to address the danger of global
limate change. The Convention has been signed by 161 countries and has been ratified by 31
f those countries. The objective of the Convention was stated to:

“...achieve ... stabilization of greenhouse gas concentrations in the atrmosphere
ar a level that would prevent dangerous anthropogenic imterference with the
climate system. Such a level should be achieved within a time frame sufficient to
allow” ecosystems to adapt naturally to' climate change, to ensure_that food
pro..ucrion is nor threatened, and to enable economic development to proceed in

a sustainable manner. *
!

The international community rallied around the threat of climate change because scientists
ree that the risk is real. There is no doubt that human activities are increasing the atmospheric
-nccntmnons of grccnhousc gascs cspecnally mrbon dlomdc mcthanc:, and mtrous onde. Al




EXECUTIVE SUMMARY

We must take the lead in addressing the challenge of global warming that could
make our planet and its climate less hospitable and more hostile to human life.

_ Today, 1 reaffirm my personal, and announce our nation’s commitment to reducing
our emissions of greenhouse gases 10 their 1990 levels by the year 2000. 1 am
instructing my administration 1o produce a cost-¢effective plan ... that can continue
the trend of reduced emissions. This must be a clarion call, not for more
bureaucracy or regulation or unnecessary costs, but instead for American
ingenuity and creativity, to produce the best and most energy-efficient technology.

i President Clinton
| April 21, 1993
|

President Clinton's Climate Charige Action Plan meets the twin challenges of responding

to the threat of global warming and strengthening the economy. Returning U.S. greenhouse gas
emissions to their 1990 levels by the year 2000 is an ambitious but achievable goal that can be
attained while enhancing prospects for economic growth and job creation, and positioning ouf
country to compete and win in the global market.

. ,. | | |

There is no doubt that human activity is increasing the concentration of greenhouse fgasés
in the atmosphere. The buildup of greenhouse gases threatens to change the global climate
cuctem raisa sea levels and inundate coastal areas, inflict irreversible damage tqccogystems, _and
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I. Does Natural Variability Explain All Climate Change?

Twenty thousand years ago, a mere blink in geologic time, a visitor to the now-
productive Corn Belt of Illinois would not be sitting in the heart of the world’s foremost
granary, but rather open spruce parkland forest, where many of the tree species seen are
the same kinds that are found today 500 to 1,000 miles north in the Boreal Forests of
Canada. Similarly, if we could somehow have been flying over the Great Basin we
would have seen the massive fossil lakes, some stretching hundreds of miles like former
Lake Bonneville in Utah, and the now-fossil beaches (currently visible flying into Salt
Lake City Airport or over Mono Lake) from those high water stands that date back ten to
fifteen thousand years ago. The Ice Age, which at its maximum some 20,000 years ago
was about 5 °to 7 °C (around 10°F) colder than our current global climate, disappeared in,
what is to nature, a relatively rapid period of about five to ten thousand years. The
average rate of temperature change from the Ice Age to the current 10,000 year period of
relative climate stability, our so-called Holocene Interglacial, is about 1 °C change for
every thousand years. Of course there were more rapid periods embedded within this
time frame, but I’m only giving the sustained average rates.

Not only did such change correspond with radical alterations to the ecosystems of
the earth, but have been implicated in the extinction of what is known as the charismatic
megafauna (woolly mammoth, saber tooth tigers, etc.). Fossil pollen evidence tells us
that the vegetation habitats during the more “rapid” parts of the transition from ice age to
interglacial around ten to twelve thousand years ago saw what paleoclimatologists call
“no analog habitats,” that is, combinations of polien abundances which do not exist on
earth today. All of this change was natural, of course, and there are two reasons for
mentioning it in our context. First, to remind us that the climate and ecosystems change
by themselves, without need of humans (the latter is what we call anthropogenic
causation), and, two, that climate change of about several degrees on a global average
basis is a very significant change from the point of view of natural systems.

Explanations of the Ice Age vary, the most popular one being a change in the
amount of sunlight coming in between (a) winter and summer and (b) the poles and the
equator. These changes in the distribution of seasonal or latitudinal sunshine are due to
slow variations in the tilt of the earth’s axis and other orbital elements, but these
astronomical variations alone cannot totally explain the climatic cycles. If these orbital
variations and other factors (such as the increased reflectivity of the earth associated with
more ice) are combined, our best climate theories (embodied through mathematical
models that are comprised of the physical laws of conservation of mass, energy and
momentum) suggest that the Ice Age should have been several degrees warmer than it
actually was -- especially in the Southern hemisphere. What could account for this extra
cold? Perhaps the models are not sensitive enough, that is they do not respond
sufficiently to a change in so called “radiative climate forcing,” that is the change in the
amount of radiant energy coming to the earth from external factors like orbital variations
or extra ice. Another (more likely, I think) possibility is that something else also changed
at the same time. '



These theories can be better reconciled with what happened between ice ages and
interglacials if one assumes that several watts of energy over every square meter of the
earth were taken away in the ice age by some other mechanism at a global scale. But
what could be such a mechanism? The obvious candidate would be a change in the
composition of the earth’s atmosphere which affects both its reflectivity and its heat
. trapping capacity (e.g. decreases in the well-known greenhouse effect or increases in
atmospheric dust). But what evidence is there that greenhouse gases, for example carbon
dioxide, methane, nitrous oxide, or water vapor, had lower concentrations 20,000 years
ago than in the interglacial? About fifteen years ago that evidence came through loud and
clear from the ice caps of the world. Air trapped in these glaciers provides a library of the
history of the earth’s atmosphere back some 200,000 years. It shows that during the past
two ice ages carbon dioxide concentration was about 40% less and methane half of the
average value during the current and penultimate interglacials. It also shows that since
the Industrial Revolution carbon dioxide has increased beyond any levels experienced in
the past 150,000 years (at least) by nearly 30% and methane by 150% -- two figures that
virtually no knowledgeable scientist disputes are a result of so-called anthropogenic
emissions which are driven by increasing numbers of people pursuing higher standards of
living and using technology to achieve those growth-oriented goals.

If the carbon dioxide and methane decreases in the last ice age helped to explain
the ice age coldness, can they tell us something about how the anthropogenic increase of
these gases due to human activities might cause climate change in the future? The
answer is “not directly,” for it is possible that there are other factors we have not
accounted for in the ice age story that could well have been involved, and there are still
many unanswered questions associated with the Ice Age cycles. It is simply a
circumstantial bit of evidence which suggests that it is more consistent to explain the ice
ages with the heat trapping power of the greenhouse effect existing at the magnitudes
currently envisioned by most scientists -- i.e. a doubling of CO, would raise surface
temperatures by about 3 °C plus or minus 1.5 °C. This is known as the “climate
sensitivity range.” The magnitude of climate sensitivity that helps to explain the ice age
coldness best is 2-3 °C. If the best estimate were ten degrees warming, which is twice the
value at the high end of the climate sensitivity range thought by the mainstream of
scientist today (e.g.. [PCC 1996a), then the ice ages should have been even colder than
they were. On the other hand, if the earth would only warm up by half a degree or less if
CO, doubled, then it would be tougher to explain the magnitude of the ice ages without
finding some other mechanism not yet understood. Of course, the latter is possible, but
what other lines of circumstantial evidence or direct evidence do we have for estimating
climate sensitivity?

We know from quite literally thousands of laboratory experiments and direct
measurements, millions of balloon observations and trillions of satellites data bits, that
the basic structure of the energy flows in and out of the earth’s atmosphere are relatively
well understood. We know that water vapor, carbon dioxide, or methane trap enough
energy on the earth to warm the surface up about 33 °C (60 °F) relative to that which
would occur in their absence.

This well known natural greenhouse effect is not under dispute, and has been
known for a century and a half. Nor is the 0.5 °C (plus or minus 0.2 °C ) globally




averaged warming trend at the earth’s surface over the past century in dispute. In dispute
is whether a small increment since the Industrial Revolution in this envelope of
greenhouse gases, which our calculations tell us should have trapped about two extra
watts of energy over every square meter of Earth, would produce a noticeable response
(i.e. a “climate signal”). The debate over whether that signal has been detected has been
intense lately and this intensity has been based upon significant new pieces of evidence -
- albeit each piece is circumstantial -- and a few loud, well-publicized denials that the
totality of evidence has any meaning. In the absence of clear, direct empirical evidence,
one often has to use either circumstantial evidence, or incomplete bits of direct evidence
with uncertainties attached. When the preponderance of such evidence gets strong
enough, then most scientists begin to accept, tentatively of course, the likelihood of
causal connections. Some people shed their skepticism at different levels than others, so
naturally there will be a cacophonous debate over whether a climate signal has been
detected, let alone whether it could be attributed to human activities. One can always
find some scientist who will want 999 out of a 1000 probability of certainty, and others
who will accept the proposition at eight or nine chances out of ten. This is not science,
but a value judgment about the acceptability of a significant, but not conclusive, body of
evidence. The scientific job is to assess (A) what can happen, and (B) what the odds are
of it happening (see, for example, this discussion in Chapter 6 of Schneider 1997a). Let
me discuss this process further.

I have mentioned the ice ages since this is a “natural experiment” that we use, not
to forecast the future, but to build understanding of climate processes and to validate the
tools that we do use to forecast the future -- that is, our climate theories embodied in
mathematical models. Are there any other such natural experiments? The answer is “yes
there are many,” the two most prominent being (1) episodic volcanic eruptions which
throw dust in the stratosphere that reflects for a few years a few watts per square meter of
solar energy that otherwise would have reached the lower atmosphere and (2) the
seasonal cycle. Let’s consider volcanic eruptions first. Volcanic dust veils should cool the
planet. In fact, the last major eruption, Mt. Pinatubo in 1991, was forecast to cool the
earth’s lower atmosphere on the order of several tenths of a degree by a number of
climate modeling groups -- in advance of the actual data to confirm -- and indeed, that is
roughly what happened. However, it could be argued that a few tenths of a degree
cooling, or warming for that matter, might be a natural fluctuation in the earth’s climate
system, and indeed, fluctuations of that magnitude are a part of the natural background
“climatic noise.” How then could we distinguish the climatic signal of the volcanic
eruption from the noise of the natural variability? In any one eruption it is difficult to do
so since the signal to noise ratio is about one, i.e. the magnitude of the cooling expected
is about equal to the magnitude of the natural fluctuations in non-volcanic years, and
therefore for any one event we cannot have very much confidence that a signal has been
observed. So the fact that the Pinatubo results showed up about as predicted doesn’t, by
itself, give a lot of confidence, although as a circumstantial bit of evidence is quite
useful. However, another volcanic eruption in 1983, El Chichon, was also followed by
several tenths of a degree cooling, as was the effect after Mt. Agung in 1963 or Mt.
Krakatoa in the Victorian period.



In other words, by looking at the results of several volcanic eruptions and
compositing, a number of scientists (including Mass and Schneider, 1977) used this
technique and discovered that indeed there was a clear and obvious correlation which
suggests that when a few watts of energy over every square meter of the earth is removed
by volcanic dust veils in the stratosphere, the lower atmosphere will indeed cool by a few
tenths of degrees -- the very magnitude predicted by the same computer models that we
use to forecast the effects of a few watts per square meter of sustained heating from
global warming.

What other natural experiments might we have to test climate sensitivity? My
favorite is one that happens every year -- the seasons. Winter predictably follows
summer, being some fifteen degrees colder in the Northern Hemisphere and five degrees
colder than summer in the Southern Hemisphere. The reason the Southern Hemisphere
has a smaller seasonal cycle is because it has much more ocean than land, and water has a
higher heat retaining capacity than land or air. Since a season is not long enough for the
planet to reach an equilibrium temperature change, therefore, the more land dominated
Northern Hemisphere has lower heat capacity and thus a larger seasonal cycle of surface
temperature. How well do the climate models do in reproducing this change? The
answer is “extraordinarily well.” Although what the absolute temperatures models may
simulate can be off by as much as five or six degrees in some regions of the world for
some seasons, the models’ capacity to reproduce the amplitude of the seasonal cycle of
surface air temperatures, by and large, is quite good. (It is less good for other variables,
however, particularly hydrological systems.) Now, if we were making a factor of ten
error by either overestimating or underestimating the sensitivity of the climate to
radiative forcing, it would be difficult for the models to reproduce the different seasonal
cycle surface temperature amplitudes over land and oceans as well as they do. This is
another piece of circumstantial evidence suggesting that current estimate of climate
sensitivity is not off by a factor of ten, as some “contrarians” assert. Indeed, indirect
evidence like ice ages, volcanic eruptions and the seasonal cycle simulation skills of
models are prime reasons why many of us in the scientific community have for the past
twenty years expected that “demonstrable” (e.g.. see p.11 of Schneider and Mesirow,
1976 -- in which I projected just such a change) anthropogenic climate change was not
unlikely by the 21st century.

In summary, then, in my opinion it is unlikely that natural variability is the
explanation of all climate change, especially that which has been documented in the 20th
century. However, since much of the debate over detection and attribution of human-
caused climate change hinges on the projections of climatic models, it is necessary to
have at least a cursory understanding of how they work. Although it is impossible to treat
more than the highlights of the nature and use of climatic models in a dozen pages, 1
nonetheless offer the following section in the hopes of reducing somewhat the confusion
that may exist in many peoples’ minds after listening to the often acrimonious and
technically complex debate over climatic models and their credibility.




II. Overview Of Climate Modeling Fundamentals

Engineers and scientists build models -- either mathematical or physical ones --
primarily to perform tests that are either too dangerous, too expensive, or perhaps
impossible to perform with the real thing. To simulate the climate, a modeler needs to
decide which components of the climatic system to include and which variables to
involve. For example, if we choose to simulate the long-term sequence of glacials and
interglacials (the period between successive ice ages), our model needs to include
explicitly the effects of all the important interacting components of the climate system
operating over the past million years or so. These include the atmosphere, oceans, sea
ice/glaciers (cryosphere), land surface (including biota), land sub-surface and chemical
processes (including terrestrial and marine biogeochemical cycles), as well as the external
or “boundary forcing” conditions such as input of solar radiant energy (e.g., see IPCC,
1996a).

The problem for earth systems scientists is separating out quantitatively cause and
effect linkages from among the many factors that interact within the earth system. Itis a
controversial effort because there are so many sub-systems, so many forcings and so
many interacting complex sets of processes operating at the same time that debates about
the adequacy of models often erupt.

Modeling the Climate System. So how are climate models constructed? First,
scientists look at observations of changes in temperatures, ozone levels and so forth. This
allows us to identify correlations among variables. Correlation is not necessarily cause
and effect -- just because one event tracks another doesn’t mean it was caused by it. One
has to actually prove the relationship is causal and explain how it happened. Especially
for cases where unprecedented events are being considered, a first principles, rather than
a purely empirical-statistical approach is desirable. However, observations can lead to a
hypothesis of cause and effect -- “laws” -- that can be tested (for example, see Root and
Schneider, 1995). The testing is often based on simulations with mathematical models
run on a computer. The models, in turn, need to be tested against a variety of
observations -- present and paleoclimatic. That is how the scientific method is typically
applied. When a model, or set of linked models, appear plausible, they can be fed
“unprecedented” changes such as projected human global change forcings -- changes that
have not happened before -- and then be asked to make projections of future climate,
ozone levels, forests, species extinction rates, etc.

The most comprehensive weather simulation models produce three dimensional
details of temperature, winds, humidity, and rainfall all over the globe. A weather map
generated by such a computer model -- known as a general circulation model or GCM --
often looks quite realistic, but it is never faithful in every detail. To make a weather map
generated by computer we need to solve six partial differential equations that describe the
fluid motions in the atmosphere. It sounds in principle like there’s no problem: we know
that those equations work in the laboratory, we know that they describe fluid motions and
energy and mass relationships. So why then aren’t the models perfect simulations of the
atmospheric behavior?



One answer is that the evolution of weather from some starting weather map
(known as the initial condition) is not deterministic beyond about 10 days -- even in
principle. A weather event on one day cannot be said to determine an event 20 days in the
future, all those commercial “long-range” weather forecasts notwithstanding. But the
inherent unpredictability of weather details much beyond ten days (owing to the chaotic
internal dynamics of the atmosphere) doesn’t preclude accurate forecasts of long-term
averages (climate rather than weather). The seasonal cycle is absolute proof of such
deterministic predictability, as winter reliably follows summer and the cause and effect is
known with certainty.

Grids and Parameterization. The other answer to the imperfection of general
circulation model simulations, even for long-term averages, is that nobody knows how to
solve those six complex mathematical equations exactly. It’s not like an algebraic
equation where one can get the exact solution by a series of simple operations. There isn’t
any known mathematical technique to solve such coupled, nonlinear partial differential
equations exactly. We approximate the solutions by taking the equations, which are
continuous, and breaking them down into discrete chunks which we call grid boxes. A
typical GCM grid size for a “low resolution” model is about the size of Colorado
horizontally and that of a “high resolution” GCM is about the size of Connecticut. In the
vertical dimension there are two (low resolution) up to about twenty (high resolution)
vertical layers that are typically spanning the lowest 10 to 40 kilometers of the
atmosphere.

Now, we’ve already noted that clouds are very important to the energy balance of
the earth-atmosphere system since they reflect sunlight away and trap infrared heat. But
because none of us have ever seen a single cloud the size of Connecticut, let alone
Colorado, we have a problem of scale -- how can we treat processes that occur in nature
at a smaller scale than we can resolve by our approximation technique of using large grid
boxes. For example, we cannot calculate clouds explicitly because individual clouds are
typically the size of a dot in this grid box. But we can put forward a few reasonable
propositions on cloud physics: if it’s a humid day, for example, it’s more likely to be
cloudy. If the air is rising, it’s also more likely to be cloudy.

These climate models can predict the average humidity in the gridbox, and
whether the air is rising or sinking on average. So then we can write what we call a
parametric representation or “parameterization” to connect large scale variables that are
resolved by the grid box (such as humidity) to unresolved small scale processes
(individual clouds). Then we get a prediction of grid box-averaged cloudiness through
this parameterization. So-called “cumulus parameterization” is one of the important --
and controversial --elements of GCMs that occupy a great deal of effort in the climate
modeling community. Therefore, the models are not ignoring cloudiness, but neither are
they explicitly resolving individual clouds. Instead, modelers try to get the average effect
of processes that can’t be resolved explicitly at smaller scales than the smallest resolved
scale (the grid box) in the GCM. Developing, testing and validating many such
parameterizations is the most important task of the modelers since these
parameterizations determine critically important issues like “climate sensitivity.” The
climate sensitivity is the degree of response of the climate system to a unit change in




some forcing factor: typically, in our context, the change in globally-averaged surface air
temperature to a fixed doubling of the concentration of atmospheric carbon dioxide above
pre-industrial levels. This brings us to one of the most profound controversies in earth
systems science, and one of the best examples of the usefulness, and fragility, of
computer modeling.

The Greenhouse Effect. If the earth only absorbed radiation from the sun without
giving an equal amount of heat back to space by some means, the planet would continue
to warm up until the oceans boiled. We know the oceans are not boiling, and surface
thermometers plus satellites have shown that the earth’s temperature remains roughly
constant from year to year (the interannual globally-averaged variability of about 0.2 °C
or the 0.5 °C warming trend in the 20th century, notwithstanding). This near constancy
requires that about as much radiant energy leaves the planet each year in some form as is
coming in. In other words, a near-equilibrium or energy balance has been established.
The components of this energy balance are crucial to the climate.

All bodies with temperature give off radiant energy. The earth gives off a total
amount of radiant energy equivalent to that of a black body -- a fictional structure that
represents an ideal radiator -- with a temperature of roughly -18 °C (255 °K). The mean
global surface air temperature is about 14 °C (287 °K), some 32 °C warmer than the
earth’s black body temperature. The difference is due to the well-established greenhouse
effect.

The term greenhouse effect arises from the classic analogy to a greenhouse, in
which the glass allows the solar radiation in and traps much of the heat inside. However,
the mechanisms are different, for in a greenhouse the glass primarily prevents convection
currents of air from taking heat away from the interior. Greenhouse glass is not primarily
keeping the enclosure warm by its blocking or re-radiating infrared radiation; rather, it is
constraining the physical transport of heat by air motion.

Although most of the earth’s surface and thick clouds are reasonably close
approximations to a black body, the atmospheric gases are not. When the nearly black
body radiation emitted by the earth’s surface travels upward into the atmosphere, it
encounters air molecules and aerosol particles. Water vapor, carbon dioxide, methane,
nitrous oxide, ozone, and many other trace gases in the earth’s gaseous envelope tend to
be highly selective -- but often highly effective -- absorbers of terrestrial infrared
radiation. Furthermore, clouds (except for thin cirrus) absorb nearly all the infrared
radiation that hits them, and then they reradiate energy almost like a black body at the
temperature of the cloud surface -- colder than the earth’s surface most of the time.

The atmosphere is more opaque to terrestrial infrared radiation than it is to
incoming solar radiation, simply because the physical properties of atmospheric
molecules, cloud and dust particles tend on average to be more transparent to solar
radiation wavelengths than to terrestrial radiation. These properties create the large
surface heating that characterizes the greenhouse effect, by means of which the
atmosphere allows a considerable fraction of solar radiation to penetrate to the earth’s
surface and then traps (more precisely, intercepts and re-radiates) much of the upward
terrestrial infrared radiation from the surface and lower atmosphere. The downward re-



radiation further enhances surface warming and is the prime process causing the
greenhouse effect.

This is not a speculative theory, but a well understood and validated phenomenon
of nature. The most important greenhouse gas is water vapor, since it absorbs terrestrial
radiation over most of the infrared spectrum. Even though humans are not altering the
average amount of water vapor in the atmosphere very much by direct injections of this
gas, increases in other greenhouse gases which warm the surface cause an increase in
evaporation which increases atmospheric water vapor concentrations, leading to an
amplifying or “positive” feedback process known as the “water vapor-surface
temperature-greenhouse feedback.” The latter is believed responsible for the bulk of the
climate sensitivity (IPCC, 1996a). Carbon dioxide is another major greenhouse gas.
Although it absorbs and re-emits considerably less infrared radiation than water vapor,
CO2 is of intense interest because its concentration is increasing due to human activities.

Ozone, nitrogen oxides, some hydrocarbons, and even some artificial compounds like
chlorofluorocarbons are also greenhouse gases. The extent to which they are important to
climate depends upon their atmospheric concentrations, the rates of change of those
concentrations and their effects on depletion of stratospheric ozone --which in turn, can
indirectly modify the radiative forcing of the lower atmosphere thus changing climate --
currently offsetting a considerable fraction of the otherwise expected greenhouse
warming signal.

The earth’s temperature, then, is primarily determined by the planetary radiation
balance, through which the absorbed portion of the incoming solar radiation is nearly
exactly balanced over a year’s time by the outgoing terrestrial infrared radiation emitted
by the climatic system to earth. As both of these quantities are determined by the
properties of the atmosphere and the earth’s surface, major climate theories that address
changes in those properties have been constructed. Many of these remain plausible
hypotheses of climatic change. Certainly the natural greenhouse effect is established
beyond a reasonable scientific doubt, accounting for natural warming that has allowed
the coevolution of climate and life to proceed to this point ( e.g., see Schneider and
Londer, 1984). The extent to which human augmentation of the natural greenhouse effect
(i.e., global warming) will prove serious is, of course, the current debate.

Model Validation. There are many types of parameterizations of processes that
occur at a smaller scale than our models can resolve, and scientists debate which type is
best. In effect, are they an accurate representation of the large-scale consequences of
processes that occur on smaller scales than we can explicitly treat? These include
cloudiness, radiative energy transport, turbulent convection, evapotranspiration, oceanic
mixing processes, chemical processes, ecosystem processes, sea ice dynamics,
precipitation, mountain effects and surface winds.

In forecasting climatic change, then, validation of the model becomes important.
In fact, we can not easily know in principle whether these parameterizations are “good
enough.” We have to test them in a laboratory. That’s where the study of paleoclimates
has proved so valuable ( e.g., Hoffert and Covey, 1992). We also can test
parameterizations by undertaking detailed small-scale field or modeling studies aimed at




understanding the high resolution details of some parameterized process the large-scale
model has told us is important. The Second Assessment Report of IPCC (IPCC, 1996a)
Working Group I devoted more than one chapter to the issue of validation of climatic
models, concluding that “the most powerful tools available with which to assess future
climate are coupled climate models, which include three-dimensional representations of
the atmosphere, ocean, cryosphere and land surface. Coupled climate modeling has
developed rapidly since 1990, and current models are now able to simulate many aspects
of the observed climate with a useful level of skill. [For example, as noted earlier, good
skill is found in simulating the very large annual cycle of surface temperatures in
Northern and Southern Hemispheres or the cooling of the lower atmosphere following the
injection of massive amounts of dust into the stratosphere after explosive volcanic
eruptions such as Mt. Pinatubo in the Philippines in 1991.] Coupled model simulations
are most accurate at large spatial scales (e.g., hemispheric or continental); at regional
scales skill is lower”. [sentence in square brackets added]

One difficulty with coupled models is known as “flux adjustment”-- a technique
for accounting for local oceanic heat transport processes that are not well simulated in
some models. Adding this element of empirical-statistical “tuning” to models that strive
to be based as much as possible on first principles has been controversial. However, not
all models use flux adjustments, yet nearly all models, with or with out this technique,
produce climate sensitivities within or near to the standard IPCC range of 1.5 to 4.5 °C.
Flux adjustments do, however, have a large influence on regional climatic projections,
even if they prove not to be a major impact on globally-averaged climate sensitivity.
Improving coupled models is thus a high priority for climate researchers since it is
precisely such regional projections that are so critical to the assessment of climatic
impacts on environment and society (e.g., IPCC, 1996b; IPCC, 1997).

Transient versus Equilibrium Simulations. One final issue needs to be
addressed in the context of coupled climate simulations. Until recently, climate modeling
groups did not have access to sufficient computing power to routinely calculate time
evolving runs of climatic change given several alternative future histories of greenhouse
gases and aerosol concentrations. That is, they did not perform so-called transient
climate change scenarios. (Of course, the real Earth is undergoing a transient
experiment.) Rather, the models typically were asked to estimate how the Earth’s climate
would eventually be altered (i.e., in equilibrium) after CO, was artificially doubled and
held fixed indefinitely rather than increased incrementally over time as it has in reality or
in more realistic transient model scenarios. The equilibrium climate sensitivity has
remained fairly constant for over twenty years of assessments by various national and
international groups, with the assessment teams repeatedly suggesting that, were CO, to
double, climate would eventually warm at the surface somewhere between 1.5 and 4.5
°C. (Later on we will address the issue of the probability that warming above or below
this range might occur, and how probabilities can even be assigned to this sensitivity.)

Transient model simulations exhibit less immediate warming than equilibrium
simulations because of the high heat holding capacity of the thermally massive oceans.
However, that unrealized warming eventually expresses itself decades to centuries later.



This thermal delay, which can lull us into underestimating the long-term amount of
climate change, is now being accounted for by coupling models of the atmosphere to
models of the oceans, ice, soils, and biosphere (so-called earth system models -- ESMs).
Early generations of such transient calculations with ESMs give much better agreement
with observed climate changes on Earth than previous calculations in which equilibrium
responses to CO, doubling were the prime simulations available. When the transient
models at the Hadley Center in the United Kingdom and the Max Planck Institute in
Hamburg, Germany were also driven by both greenhouse gases (which heat) and sulfate
aerosols (which cool), these time evolving simulations yielded much more realistic
“fingerprints” of human effects on climate( e.g., Chapter 8 of IPCC, 1996a). More such
computer simulations are needed to provide high confidence levels in the models, but
scientists using coupled, transient simulations are now beginning to express growing
confidence that current projections are plausible.

Transients and Surprises. However, such a very complicated coupled system
like an ESM is likely to have unanticipated results when forced to change very rapidly by
external disturbances like CO2 and aerosols. Indeed, some of the transient models run out

for hundreds of years exhibit dramatic change to the basic climate state (e.g., radical
change in global ocean currents). Thompson and Schneider (1982) used very simplified
transient models to investigate the question of whether the time evolving patterns of
climate change might depend on the rate at which CO, concentrations increased. For

slowly increasing CO2 buildup scenarios, the model predicted the standard model

outcome: the temperature at the poles warmed more than the tropics.

Any changes in equator-to-pole temperature difference help to create altered
regional climates, since temperature differences over space influence large-scale
atmospheric wind patterns. However, for very rapid increases in CO, concentrations a
reversal of the equator-to-pole difference occurred. If sustained over time, this would
imply difficult to forecast, transient climatic conditions during the century or so the
climate adjusts toward its new equilibrium state. In other words, the harder and faster the
enormously complex earth system is forced to change, the higher the likelihood for
unanticipated responses. Or, in a phrase, the faster and harder we push on nature, the
greater the chances for surprises -- some of which are likely to be nasty.

Noting this possibility, the Summary for Policy makers of IPCC Working Group I
concluded with the following paragraph:

Future unexpected, large and rapid climate system changes (as have
occurred in the past) are, by their nature, difficult to predict. This implies
that future climate changes may also involve “surprises.” In particular these
arise from the non-linear nature of the climate system. When rapidly forced,
non-linear systems are especially subject to unexpected behavior. Progress
can be made by investigating non-linear processes and sub-components of
the climatic system. Examples of such non-linear behavior include rapid
circulation changes in the North Atlantic and feedbacks associated with
terrestrial ecosystem changes.
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Of course, if the Earth system were somehow less “rapidly forced” by virtue of
policies designed to slow down the rate at which human activities modify the land
surfaces and atmospheric composition, this would lower the likelihood of non-linear
surprises. Whether the risks of such surprises justify investments in abatement activities
is the question that Integrated Assessment (IA) activities are designed to inform (IPCC,
1996¢). The likelihood of various climatic changes, along with estimates of the
probabilities of such potential changes, are the kinds of information 1A modelers need
from earth systems scientists in order to perform IA simulations. We turn next, therefore,
to a discussion of methods to evaluate the subjective probability distributions of scientists
on one important climate change issue, the climate sensitivity.

Subjective Probability Estimation. Finally, what does define a scientific
consensus? Morgan and Keith (1995) and Nordhaus (1994) are two attempts by non-
climate scientists, who are interested in the policy implications of climate science, to tap
the knowledgeable opinions of what they believe to be representative groups of scientists
from physical, biological and social sciences on two separate questions: first the climate
science itself and second impact assessment and policy. Their sample surveys show that
although there is a wide divergence of opinion, nearly all scientists assign some
probability of negligible outcomes and some probability of very highly serious outcomes,
with one or two exceptions, like Richard Lindzen at MIT (who is scientist number 5 on
Fig. 1 of Morgan and Keith).

In the Morgan and Keith study, each of the 16 scientists listed in Table 1 were put
through a several hour, formal decision-analytic elicitation of their subjective probability
estimates for a number of factors. Figure 1 shows the elicitation results for the important
climate sensitivity factor. Note that 15 out of 16 scientists surveyed ( including several
IPCC Working Group I Lead Authors -- I am scientist 9) assigned something like a 10%
subjective likelihood of negligible (less than 1 °C) climatic change from doubling of CO,.
These scientists also typically assigned a 10% probability for extremely large climatic
changes --greater than 5 °C, roughly equivalent to the temperature difference experienced
between a glacial and interglacial age, but occurring some hundred times more rapidly.

In addition to the lower probabilities assigned to the mild and catastrophic outcomes, the
bulk of the scientists interviewed (with the one exception) assigned the bulk of their
subjective cumulative probability distributions in the center of the IPCC range for climate
sensitivity. What is most striking about the exception, scientist 5, is the lack of variance
in his estimates--suggesting a very high confidence level in this scientist’s mind that he
understands how all the complex interactions within the earth-system described above
will work. None of the other scientists displayed that confidence, nor did the Lead
Authors of IPCC. However, several scientists interviewed by Morgan and Keith
expressed concern for “surprise” scenarios -- for example, scientists 2 and 4 explicitly
display this possibility on Figure 1, whereas several other scientists implicitly allow for
both positive and negative surprises since they assigned a considerable amount of their
cumulative subjective probabilities for climate sensitivity outside of the standard 1.5 to
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4.5 range. This concern for surprises is consistent with the concluding paragraph of the
IPCC Working Group I Summary for Policymakers quoted above.

IPCC Lead Authors, who wrote the Working Group I Second Assessment Report,
were fully aware of both the wide range of possible outcomes and the broad distributions
of attendant subjective probabilities. After a number of sentences highlighting such
uncertainties, the Report concluded: “nevertheless, the balance of evidence suggests that
there is a discernible human influence on the climate.” The reasons for this now-famous
subjective judgment were many, such as the kinds of factors listed above. These include
a well validated theoretical case for the greenhouse effect, validation tests of both model
parameterizations and performance against present and paleoclimatic data, and the
growing “fingerprint” evidence that suggests horizontal and vertical patterns of climate
change predicted to occur in coupled atmosphere-ocean models has been increasingly
evident in observations over that past several decades. Clearly, more research is needed,
but enough is already known to warrant assessments of the possible impacts of such
projected climatic changes and the relative merits of alternative actions to both mitigate
emissions and/or make adaptations less costly. That is the ongoing task of integrated
assessment analysts, a task that will become increasingly critical in the next century. To
accomplish this task, it is important to recognize what is well established in climate
theory and modeling and to separate this from aspect that are more speculative. That is
precisely what IPCC (1996a) has attempted to accomplish.

IIl. Assessing The Impacts Of Climatic Change Projections

One of the most dramatic of the standard “impacts” of climatic warming
projections is the increase in sea level typically associated with warmer climatic
conditions. An EPA study used an unusual approach: combining climatic models with
the subjective opinions of many scientists on the values of uncertain elements in the
models to help bracket the uncertainties inherent in this issue. Titus and Narayanan
(1996) -- including teams of experts of all persuasions on the issue -- calculated the final
product of their impact assessment as a statistical distribution of future sea level rise,
ranging from slightly negative values (i.e., a sea level drop) as a low probability outcome,
to a meter or more rise, also with a low probability (see Fig 2). The midpoint of the
probability distribution is something like half meter sea level rise by the end of the next
century.

Since the EPA analysis stopped there, this is by no means a complete assessment.
In order to take integrated assessment to its logical conclusion, we need to ask what the
economic costs of various control strategies might be and how the costs of abatement
compare to the economic or environmental losses (i.e. impacts or damages as they are
called) from sea level rises. That means putting a value -- a dollar value of course -- on
climate change, coastal wetlands, fisheries, environmental refugees, etc. Hadi
Dowlatabadi at Carnegie Mellon University leads a team of integrated assessors who, like
Titus, combined a wide range of scenarios of climatic changes and impacts but, unlike the
EPA studies, added a wide range of abatement cost estimates into the mix. Their
integrated assessment was presented in statistical form as a probability that investments
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in CO2 emissions controls would either cost more than the losses from averted climate

change or the reverse (e.g., Morgan and Dowlatabadi, 1996). Since their results do not
include estimates for all conceivable costs (e.g., the political consequences of persons
displaced from coastal flooding), the Carnegie Mellon group offered its results only as
illustrative of the capability of integrated assessment techniques. Its numerical results
have meaning only after the range of physical, biological and social outcomes and their
costs and benefits have been quantified -- a Herculean task. Similar studies have been
made in Holland by a Dutch government effort to produce integrated assessments for
policy makers. Jan Rotmans, who heads one of their efforts, likes to point out that such
modeling of complex physical, biological and social factors cannot produce credible
“answers” to current policy dilemmas, but can provide “insights” to policy makers that
will put decision-making on a firmer factual basis (Rotmans and van Asselt, 1996).
Understanding the strengths and weaknesses of any complex analytic tool is essential to
rational policy making, even if quantifying the costs and benefits of specific activities is
controversial.

William Nordhaus, an economist from Yale University, has made heroic steps to
put the climatic change policy debate into an optimizing framework. He is an economist
who has long acknowledged that an efficient economy must internalize externalities (in
other words, find the full social costs of our activities, not just the direct cost reflected in
conventional “free market” prices). He tried to quantify this external damage from
climate change and then tried to balance it against the costs to the global economy of
policies designed to reduce CO, emissions. His optimized solution was a carbon tax,

designed to internalize the externality of damage to the climate by increasing the price of
fuels in proportion to how much carbon they emit, thereby providing an incentive for
society to use less of these fuels.

Nordhaus (1992) imposed carbon tax scenarios ranging from a few dollars per ton
to hundreds of dollars per ton -- the latter which would effectively eliminate coal from the
world economy. He showed that, in the context of his model and its assumptions, that
these carbon emission fees would cost the world economy anywhere from less than 1
percent annual loss in Gross National Product to a several percent loss by the year 2100.
The efficient, optimized solution from classical economic cost-benefit analysis is that
carbon taxes should be levied sufficient to reduce the GNP as much as it is worth to avert
climate change (e.g. the damage to GNP from climate change). He assumed that the
impacts of climate change were equivalent to a loss of about one percent of GNP. This
led to an “optimized” initial carbon tax of about five dollars or so per ton of carbon
dioxide emitted. In the context of his modeling exercise, this would avert only a few
tenths of a degree of global warming to the year 2100, a very small fraction of the 4 °C
warming his model projected.

How did Nordhaus arrive at climate damage being about 1 percent of GNP? He
assumed that agriculture was the most vulnerable economic market sector to climate
change. For decades agronomists had calculated potential changes to crop yields from
various climate change scenarios, suggesting some regions now too hot would sustain
heavy losses from warming whereas others, now too cold, could gain. Noting that the US
lost about one third of it’s agricultural economy in the heat waves of 1988, and that
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agriculture then represented about 3 % of the US GNP, Nordhaus felt the typically-
projected climatic changes might thus cost the U.S. economy something like 1% annually
in the 21st century. This figure was severely criticized because it neglected damages
from health impacts (e.g., expanded areas of tropical diseases, heat-stress deaths, etc.),
losses from coastal flooding or severe storms, security risks from boat people created
from coastal disruptions in South Asia or any damages to wildlife, fisheries or
ecosystems that would almost surely accompany temperature rises at rates of degrees per
century as are typically projected. It also was criticized because his estimate neglected
potential increases in crop or forestry yields from the direct effects of increased CO, in
the air on the photosynthetic response of these marketable plants. Nordhaus responded to
his critics by conducting a survey, similar to that undertaken by Morgan and Keith, but
this time focused on the impacts of several scenarios of climatic change on world
economic product -- including both standard market sector categories (e.g., forestry,
agriculture, heating and cooling demands) and so-called non-market amenities like
biological conservation and national security.

When Nordhaus surveyed the opinions of mainstream economists, environmental
economists and natural scientists (I am respondent #10, in Nordhaus, 1994), he found that
the former expressed a factor of twenty less anxiety about the economic or environmental
consequences of climate change than the latter (see Fig.3 -- Scenario A is for 3 °C
warming by 2100 A.D. and Scenario C for 6 °C by 2100 A.D.). However, the bulk of
even the conservative group of economists Nordhaus surveyed considered there to be at
least a ten percent probability that typically projected climate changes could still cause
economic damages worth several percent of gross world product (the current US GNP is
around five trillion dollars -- about twenty percent of the global figure). And, some of
these economists didn’t include estimates for possible costs of “non-market” damages
(e.g., harm to nature). One ecologist who did explicitly factor in non-market values for
natural systems went so far as to assign a ten percent chance of a hundred percent loss of
GNP -- the virtual end of civilization! While Nordhaus quipped that those who know
most about the economy are less concerned, I countered with the obvious observation that
those who know the most about nature are very concerned.

We will not easily resolve the paradigm gulf between the optimistic and
pessimistic views of these specialists with different training, traditions and world views,
but the one thing that is clear from both the Morgan and Keith and Nordhaus studies is
that the vast bulk of knowledgeable experts from a variety of fields admits to a wide
range of plausible outcomes in the area of global environmental change -- including both
mild and catastrophic eventualities -- under their broad umbrella of possibilities. This is a
condition ripe for misinterpretation by those who are unfamiliar with the wide range of
probabilities most scientists attach to global change issues. The wide range of
probabilities follows from recognition of the many uncertainties in data and assumptions
still inherent in earth systems models, climatic impact models, economic models or their
synthesis via integrated assessment models (see Schneider, 1997a,b). It is necessary in a
highly interdisciplinary enterprise like the integrated assessment of global change
problems that a wide range of possible outcomes be included, along with a representative
sample of the subjective probabilities that knowledgeable assessment groups like the
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IPCC believe accompany each of those possible outcomes. In essence, the “bottom line”
of estimating climatic impacts is that both “the end of the world” and “it is good for
business” are the two lowest probability outcomes, and that the vast bulk of
knowledgeable scientists and economists consider there to be a significant chance of
climatic damage to both natural and social systems. Under these conditions -- and the
unlikelihood that research will soon eliminate the large uncertainties that still persist -- it
is not surprising that most formal climatic impact assessments have called for cautious,
but positive steps both to slow down the rate at which humans modify the climatic system
and to make natural and social systems more resilient to whatever changes do eventually
materialize.

IV. Policy Implications

What Are Some Actions to Consider? Decision making, of course, is a value judgment
about how to take risks -- gambling, if you will -- in the environment-development arena.
Despite the often bewildering complexity, making value choices does not require a Ph.D.
in statistics, political science or geography to comprehend. Rather, citizens need simple
explanations using common metaphors and everyday language that ordinary people can
understand about the terms of the debate. Once the citizens of this planet become aware
of the various tradeoffs involved in trying to choose between business-as-usual activities
and sustainable environmental stewardship, the better will be the chances that the risk-
averse common sense of the "average" person may be thrust into the decision-making
process by a public that cares about its future and that of its planet, and knows enough
not to be fooled by simple solutions packaged in slick commercials or editorials by any
special interest.

What are the kinds of actions that can be considered to deal with global change
problems like climate change. The following list is a consensus from a multi-
disciplinary, business, university and government assessment conducted by the National
Research Council in 1991. It is encouraging that this multi-discipline, ideologically
diverse group (including economist Nordhaus, industrialist Frosch and climatologist
Schneider) could agree that the United States, for example, could reduce or offset its
greenhouse gas emisstons by between 10 and 40 percent of 1990 levels at low cost, or at
some net savings, if proper policies are implemented. Here is the Council’s entire
suggested list:

(1) Continue the aggressive phaseout of CFC and other halocarbon emissions and the
development of substitutes that minimize or eliminate greenhouse gas emissions.

(2) Study in detail the “full social cost pricing” of energy, with a goal of gradually
introducing such a system. On the basis of the principle that the polluter should pay,
pricing of energy production and use should reflect the full costs of the associated
environmental problems.

(3) Reduce the emissions of greenhouse gases during energy use and consumption by
enhancing conservation and efficiency.

(4) Make greenhouse warming a key factor in planning for our future energy supply mix.
The United States should adopt a systems approach that considers the interactions among
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supply, conversion, end use, and external effects in improving the economics and
performance of the overall energy system.

(5) Reduce global deforestation.

(6) Explore a moderate domestic reforestation program and support international
reforestation efforts.

(7) Maintain basic, applied, and experimental agricultural research to help farmers and
commerce adapt to climate change and thus ensure ample food.

(8) Make water supply more robust by coping with present variability by increasing
efficiency of use through water markets and by better management of present systems of
supply.

(9) Plan margins of safety for long-lived structures to take into consideration possible
climate change.

(10) Move to slow present losses in biodiversity.

(11) Undertake research and development projects to improve our understanding of both
the potential of geoengineering options to offset global warming and their possible side-
effects. This is not a recommendation that geoengineering options be undertaken at this
time, but rather that we learn more about their likely advantages and disadvantages.

(12) Control of population growth has the potential to make a major contribution to raising
living standards and to easing environmental problems like greenhouse warming. The
United States should resume full participation in international programs to slow population
growth and should contribute its share to their financial and other support.

(13) The United States should participate fully with officials at an appropriate level in
international agreements and in programs to address greenhouse warming, including
diplomatic conventions and research and development efforts.

This NRC (1991) assessment produced a remarkable list, considering the diversity
of the participants’ backgrounds and their varying ideological perspectives. But in the
crucible of open debate that permeated that assessment activity, self-interest polemics and
media grandstanding are incinerated. This group didn’t assert that catastrophe was
inevitable, nor that it was improbable. We simply believed that prudence dictates that
“despite the great uncertainties, greenhouse warming is a potential threat sufficient to justify
action now.”

Integrated assessments of the policy options offered by the National Research Council
Report are actively being pursued with a variety of models.

It is interesting that this comprehensive list of 13 recommendations from the
National Research Council report still ignored two fundamental aspects: the desperate need
for (1) an intelligent, non-polemical public debate about global change and (2)
interdisciplinary public education that also teaches students about whole systems and long-
term risk management, not only traditional areas of isolated specialization.

Environment and (or versus) Development? While the NRC report did acknowledge the

importance of international dimensions of global change policy making, it was still largely a
developed country perspective. Developing countries often have very different
perspectives. First of all, LDCs are struggling to raise literacy rates, lower death rates,
increase life expectancy, provide employment for burgeoning populations and reduce local
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air and water pollution that pose imminent health hazards to their citizens and
environments. Protecting species or slowing climate change are simply low on their
priority lists as compared to more mature economic powers like the OECD nations. It is
ironic, even if understandable, that LDCs put abatement of global change disturbances so
low on their priority lists despite the fact that nearly all impact assessments suggest that it is
these very countries that are most vulnerable to climatic change, for example.

There is a phrase in economics known as “the marginal dollar.” In our context it
means that given all the complexity of interconnected physical, biological and social
systems, climate abatement may not be perceived as the best place to invest the next
available dollar so as to bring the maximum social benefit to poor countries. I have heard
many representatives of LDCs exclaim that until poverty is corrected, preventable disease
stamped out, injustice redressed and economic equity achieved, they will invest their
precious resources on these priorities. My response has been that climatic changes can
exacerbate all of those problems they rightly wish to address, and thus we should seek to
make investments that both reduce the risks of climate change and help with economic
development (transfer of efficient technologies being a prime example). It is a great
mistake, I believe, to get trapped in the false logic of the mythical “marginal dollar,” for it is
not necessary that every penny of the next available dollar go exclusively to the highest
priority problem whereas all the rest (particularly problems with surprise potential and the
possibility of irreversible damages) must wait until priority one is fully achieved. To me,
the first step is to get that marginal dollar cashed into small change, so that many interlinked
priority problems can all be at least partially addressed. Given the large state of uncertainty
surrounding both the costs and benefits of many human and natural events, it seems most
prudent to address many issues simultaneously and to constantly reassess which
investments are working and which problems -- including global change -- are growing
more or less serious.

It takes resources to invest, of course, and since the bulk of available capital is in
developed countries, it will require international negotiations -- “planetary bargaining” it
has been called -- to balance issues of economic parity and social justice with
environmental protection. Such negotiations are underway under U.N. auspices, and will
likely take many years to work out protocols that weigh the diverse interests and
perceptions of the world’s nations.

There is a lively debate among economists, technologists and environmentalists
about what are the most cost-effective strategies for abating carbon emissions which also
can reduce potential impacts of climatic changes to below the undefined “dangerous”
levels referred to in the Framework Convention on Climate Change language. Most
economists argue that some policy to “internalize the externality” of potential climate
damage is already appropriate, reflecting the recommendations already published by the
National Research Council in 1991. Environmentalists usually argue that major efforts to
spur immediate abatement of carbon emissions are necessary if climatic changes less than
one more degree Celsius are to likely be avoided (which they typically define as
“dangerous”). Most economists, on the other hand, often argue that new technologies
will be able to accomplish carbon abatement more cheaply in the future as such
technologies are discovered and deployed (Wigley et al, 1996). Thus, their logic suggests
that a cost-effective time profile of abatement would be to postpone most carbon
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reductions until later in the 21st century. This seemingly implacable debate will echo in
Kyoto chambers, I am sure, in December 1997.

My colleague, the Stanford University economist Lawrence Goulder, and I have
used state-of-the-art economic modeling tools to study this debate, and conclude that both .
the stereotypical environmentalist (who argue to abate now) and economist positions
(abate later) are actually not incompatible, but complimentary! We show (please see the
Appendix in which our submitted Commentary to Nature magazine is reproduced) that
although the economist view that future abatement is likely to be cheaper is probably
correct, so too is the environmentalist argument that current actions are urgently needed,
since such technologies referred to in economic cost-effectiveness studies won’t simply
invent themselves. In other words, policy actions to help induce technological changes
are needed now in order to bring about a profile of cost-effective abatement in the
decades ahead. We also address the relative economic efficiency of alternative policy
instruments: contrasting carbon taxes versus research and development subsides.
Although we recognize the political reluctance of many to embrace any new taxes, in
truth, most economic analyses show that a fee for the use of the atmosphere (currently a
“free sewer”) will reduce incentives to pollute, increase incentives to develop and deploy
less polluting technologies, and can be more economically efficient than other policies --
particularly if some of the revenues generated by a carbon tax were recycled back into the
economy. R&D subsidies can be economically efficient, our conventional economic
analyses suggest, to the extent that current R&D markets are already subsidized or
otherwise not optimally efficient -- a likelihood.

Therefore, it is my personal view that all parties should recognize that potential
damages to a global commons like the Earth’s climate are not mere ideological rhetoric,
nor are solutions necessarily unaffordable. Moreover, “ win-win” solutions in which '
economic efficiency, cost-effectiveness and environmental protection can happily co-
exist are possible -- if only we put aside hardened ideological positions.

V. Personal Observations On The Global Warming Media Debate

A very intense, too-often personal and ad hominem , media debate has attended the global
warming problem in the past five years. As a participant in this process, I can attest to the
frustration one experiences in seeing a complex scientific problem with many policy implications
often trivialized into an ideological boxing match in which polar extremes are pitted against each
other and the work of the vast bulk of the knowledgeable community is marginalized. A baffling
array of claims and counter claims appears, particularly in op-ed pieces, and a general state of
public confusion is fostered. It is my belief that this confusion does not reflect the ordered state
of knowledge, in which many aspects of the climate change issue enjoy strong consensual views,
other aspects are considered plausible, whereas yet others are clearly (to insiders at least) highly
speculative. Public dialogue would be much richer if we all strove to separate out what is well
known from what is speculative, an effort not attempted often enough in most public accounts of
the issue. How is this best accomplished?

For twenty years the scientific community, or at least the broad cross section scientific
community represented by the deliberations of the National Research Council, IPCC and other
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international assessment groups, have suggested that if CO, were to double and be held fixed,
then at equilibrium (i.e. the change in steady state after a few hundred years) the earth’s
temperature would warm up some one and a half to four and a half degrees centigrade -- the
uncertainty, as noted earlier, in this climate sensitivity range largely being associated with the
well recognized processes that we treat crudely in our climate models, mostly clouds and water
vapor. The reason that very few scientist set the climate sensitivity range above four and a half
degrees or below one and a half degrees is primarily because of natural experiments such as ice
ages, volcanoes and seasonal cycles, as well as other technical questions dealing with theory and
modeling (see IPCC 1996a for details). Nevertheless, a few have asserted, some with very high
confidence, that global warming from CO, doubling would only cause a few tenths of a degree C
equilibrium temperature rise, and even have argued that certain processes that they can name, but
cannot demonstrate to have global scale effects, would be responsible for this diminishing effect
(e.g. Lindzen, 1990). Such debates (e.g. see Schneider, 1990) are very difficult for the lay public
to penetrate, and even for relatively skilled but still non-professional observers, they are hard to
follow. It is for such reasons that groups like the National Research Council or The World
Meteorological Organization and the United Nations Environment Program have called a
community of scientists holding a spectrum of views, but all knowledgeable in the basic art, to
meet together to debate the relative merits of various lines of evidence and to provide
assessments which give the best guess as well as a judgment for the ranges of uncertainty of a
variety of climate changes, as well as their potential impacts on environment and society and the
costs of mitigation from alternative policies. Indeed, the Intergovernmental Panel on Climate
Change (IPCC 1996a, b, and c) is now the premier such assessment activity and represents the
effort of hundreds of directly involved scientists and thousands of indirectly involved scientists,
industrialists, NGOs or policy makers who serve as reviewers and commentators.

The IPCC Peer Review Processes Let me contrast the IPCC process with that of some of its
critics. In July of 1996 an extraordinary meeting of about six dozen climate scientists from
dozens of countries took place. It was the third installment of a process to write a Second
Assessment Report for the IPCC. This meeting, in Asheville, North Carolina, was designed to
make explicit the points of agreement and difference among the scientists over exceedingly
controversial and difficult issues, including the signal detection and attribution chapter -- the
most controversial. Chapter 8 was controversial since new lines of evidence had been brought to
bear by three modeling groups around the world, each suggesting a much stronger possibility that
a climate change signal has been observed and that its pattern (or fingerprint) is much closer
matched to anthropogenic caused changes than heretofore believed. Scientists are by nature a
skeptical lot, and typically submit their work for peer review before publishing. When scientists
have new ideas or new tests, as the dozen or so representing these modeling groups in fact had,
they typically write a journal article and submit it for publication. The journals, peer reviewed of
course, typically send the article out to two or three peers, who write anonymous reviews, (unless
the reviewers have the courage to confess as I, the editor of the journal Climatic Change,
encourage my reviewers to do). The authors then rewrite their article in response to the
reviewers and the editor serves as referee. The process usually goes back and forth several times
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with several revised drafts of the article until a suitable compromise is achieved among
reviewers, authors and the editor.

Contrast this normal journal peer review process in which a few people are involved, with .
what happened in Asheville in 1995 at the IPCC’s third workshop. Ben Santer from Lawrence
Livermore National Lab, who had assembled the results of a number of modeling groups and was
the first author of the submitted manuscript (Santer et al, 1996) on climate signal detection and
the Convening Lead Author of Chapter 8 of the IPCC report (the controversial IPCC chapter on
signal detection and attribution), presented the results of his group’s effort not to just the half
dozen Lead Authors of Chapter 8, as is typical in [IPCC meetings, but to the entire assembled
scientific group at Asheville. Not only did Santer have to explain the work of him and his
colleagues (many of whom were there) to his most knowledgeable peers, but also to scores of
others from communities as diverse as stratospheric ozone experts like Susan Solomon and Dan
Albritton, to satellite meteorologists like John Christy or biospheric dynamics experts such as
Jerry Melillo. Climatologists such as Tom Karl or myself were also present, along with heads of
weather services and other officials from several countries who served on the IPCC’s assessment
team as a member of the scientific delegations of the various nations. Not everybody was
equally knowledgeable in the technical details of the debate, of course, but even these less
familiar participants served an essential role: of witnesses to the process of honest, open debate.
Perhaps only twenty-five percent of those assembled had truly in-depth knowledge of the full
range of details being discussed. However, all understood the basic scientific issues and most
know how to recognize slipshod work -- to say nothing of a fraud or a “scientific cleansing” --
when they see it. This remarkable session lasted for hours, was occasionally intense, always was
cordial, and never turned polemical. As a result, words for Chapter 8 were changed, ideas and .

concepts altered somewhat, but by and large basic conclusions were unchanged because the vast
bulk of those assembled (and no one proclaimed to the contrary) were convinced that the
carefully hedged statements the lead authors proposed were, in fact, an accurate reflection of the
state of the science based upon all available knowledge -- including the new results. This was
not only peer review, but this was peer review ten times normal! As the editor of a peer review
journal it would be inconceivable for me to duplicate this process, as I have to hope that a few
referees and myself can serve the peer reviewing role half as well as this remarkable, open
process at Asheville. Moreover, after the Asheville meeting there were two more IPCC drafts
written and reviewed by hundreds of additional scientists industrialists, policy makers, and
NGOs from all over the globe.

Contrast this open IPCC process then, to the harsh critics of the IPCC, alleging “scientific
cleansing”, “herd mentality”, and first presenting their detailed technical counter arguments in
such “refereed scientific literature™ as the editorial pages of the Wall Street Journal (Singer 1996,
Seitz 1996,). Some had the temerity, although I do not understand how they could do it with a
straight face, to allege that Chapter 8 conclusions were all based upon non peer reviewed work,
despite the fact that the Asheville process was ten times normal peer review, to say nothing of the
hundreds of scientific reviewers of the next draft of the IPCC report that followed. In the wake

of all these reviews, textual alterations needed to be made, and these were minor, but were done

- over the course of time. The last round of changes were made by the Convening Lead, Ben

Santer. Some interests subsequently alleged that these minor changes dramatically altered the I
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report and, with no evidence, asserted they were politically motivated (“scientific cleansing” one
charged -- and launched a vicious personal attack on one of the least political, most cautious
scientists, Ben Santer). Any honest evaluation will reveal that this irresponsible charge --
published in the unrefereed opinion pages of a business daily -- is utterly absurd. In fact, the
most famous line in the IPCC report (that there is a “discernible” human effect on climate)
appeared as one sentence in a short paragraph that was 80% caveats! The IPCC report
essentially “drips” with caveats.

Moreover, the “discernible” line is not a radical statement, as it reflects a lowest common
denominator consensus view of the vast bulk of people exposed to the evidence. It does not
assert climate signal detection to be proven beyond any doubt, nor do I or any other responsible
scientists I know of make such assertions. Nor can such evidence of human effects be dismissed
as wholly random at a very high probability by responsible scientists -- except perhaps in the
opinions section of some newspapers. To ignore such contrarian critics would be inappropriate, [
agree. However, to give them in news stories comparable weight to a hundred-scientists,
thousand-reviewer document, as if somehow a small minority of scientists who are skeptical
deserve equal weight, without informing the readership or viewership that the contrarians
represent a tiny minority, is to mislead a public who cannot be expected to look up for
themselves the relative weights of conflicting opinions. And to publish character-assassinating
charges of “scientific cleansing” without checking the facts is simply unethical -- at least in any
system of ethics I respect.

VI. Concluding Remarks

A condensed summary of the principal conclusions I would like to draw is as
follows, beginning with the more narrowly technical issues and proceeding to broader
generalizations about impacts, uncertainties and policy choices:

Hierarchy of models. A hierarchy of models, ranging from simple zero or one-
dimensional, highly parameterized models up to coupled three-dimensional models that
simulate the dynamics and thermodynamics of connected physical and biological sub-
systems of the earth-system are needed for climatic effects assessment. The simpler
models are more transparent -- allowing cause-and-effect processes to be more easily
traced -- and are much more tractable to construct, run and diagnose, whereas multi-
dimensional, dynamical models can provide geographic and temporal resolution needed
for regional impact assessments and -- hopefully -- provide more realistic and detailed
simulations, even if at much higher costs for construction, computation, diagnosis and
interpretability. Since the real climate system is undergoing a transient response to
regionally heterogeneous (patchy) forcings (e.g., aerosols and greenhouse gasses
combined, which both vary over time and space), eventually it will be necessary to run
fully-coupled three-dimensional earth systems models in order to “hand off” their results
to a variety of regional impact assessment models. In the interim, lower resolution
“simple” climate models can be hybridized into more comprehensive models to produce
hybrid estimates of time-evolving regional patterns of climatic changes from a variety of
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emissions and land use change scenarios. Such estimates may be instructive to policy
makers interested in the differential climatic impacts of various climate forcing scenarios
and/or various assumptions about the internal dynamics of both climate and impact
models.

Sensitivity studies are essential. It is unlikely that all important uncertainties in either
climatic or impact models will be resolved to the satisfaction of the bulk of the scientific
community in the near future. However, this does not imply that model results are
uninformative. On the contrary, sensitivity analyses in which various policy-driven
alternative radiative forcing assumptions are made can offer insights into the potential
effectiveness of such policies in terms of their differential climatic effects and impacts.
Even though absolute accuracy is not likely to be assured for the foreseeable future,
considerable precision concerning the sensitivity of the physical and biological sub-
systems of the earth can be studied via carefully planned and executed sensitivity studies
across a hierarchy of models.

Validation and testing are required. Although it may be impractical, if not
theoretically impossible, to validate the precise future course of climate given the

uncertainties that remain in forcings, internal dynamics and unpredictable surprise events,
many of the basic features of the coupled physical and biological sub-systems of the earth
can already be simulated to a considerable degree. Testing models against each other
when driven by the same sets of forcing scenarios, testing the overall simulation skill of
models against empirical observations, testing model parameterizations against high
resolution process models or data sets, testing models against proxy data of paleoclimatic
changes and testing the sensitivity of models to radiative forcings of anthropogenic origin
by computing their sensitivity to natural radiative forcings (e.g., season radiative forcing,
volcanic dust forcing, orbital element variation forcings etc.) comprise a necessary set of
validation-oriented exercises that all modelers should agree to perform. Similarly,
impacts models should also be subjected to an analogous set of validation protocols if
their insights are to gain a high degree of credibility.

Subjective probability assessment. In addition to standard simulation modeling
exercises in which various parameters are specified or varied over an uncertainty range,
formal decision-analytic techniques can be used to provide a more consistent set of values
for uncertain model parameters or functional relationships. The embedding of subjective
probability distributions into climatic models is just beginning (e.g., Titus and
Narayanan, 1996), but may become an important element of integrated assessment
modeling in future generations of model building (e.g., see the discussion of the hierarchy
of integrated assessment models in Schneider, 1997b).

“Rolling reassessment.” It is obvious that the projection of climatic effects and related
impacts will continue to change as the state-of-the-art in both kinds of models improves
over the next few decades. Therefore, the most flexible management possible of a global
commons like the Earth’s climate seems a virtual necessity, since the potential
seriousness of the problem -- or even the perception of that seriousness -- is virtually
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certain to change with new discoveries and actual climatic and other environmental or
social events. Therefore, a series of assessments of climatic effects, related impacts, and
policy options to prevent potentially dangerous impacts will be needed periodically --
perhaps every five years as IPCC has chosen for the repeat period of its major
Assessment Reports that treat climatic effects, impacts and policy issues as separable
assessments. It seems important that whatever policy instruments are employed (to either
mitigate anthropogenic forcings or help reduce damage from projected climatic effects)
be flexible enough to respond quickly and cost-effectively to the evolving science that
will emerge from this rolling reassessment process.

Consider surprises and irreversibility. Given the many uncertainties that still attend
most aspects of the climatic change and impacts debate, priority should be considered for
those aspects which could exhibit irreversible damages (e.g., extinction of species whose
already-shrinking habitat is further stressed by rapid climatic changes) or for which
imaginable “surprises” have been identified (e.g., alterations to oceanic currents from
rapid increases in greenhouse gasses). For these reasons, management of climatic risks
needs to be considered well in advance of more certain knowledge of climatic effects and
impacts.

“Win-win” strategies. Economically efficient, cost-effective and environmentally
sustainable policies have been identified and others can be found to help induce the kinds
of technological innovations needed to reduce atmospheric emissions in the decades
ahead. Some mix of emissions “cap and trade” , carbon taxes with revenue recycling, or
technology development incentives can provide “win-win” solutions if all parties to the
environment-development debate would lower the intensity of their ideological
preconceptions and work together for cost-effective and equitable measures to protect the
global commons.
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Table 1: Experts interviewed in the study. Expert numbers used in reporting results are
randomized. They do not correspond with either alphabetical order or the order in which the

interviews were performed.
.—
James Anderson, Harvard University Michael MacCracken, US Global Change
Research Program
Robert Cess, State University of New York Ronald Prinn, Massachusetts Institute of
at Stony Brook Technology
Robert Dickinson, University of Arizona Stephen Schneider, Stanford University
Lawrence Gates, Lawrence Livermore Peter Stone, Massachusetts Institute of
National Laboratories Technology
William Holland, National Center for Starley Thompson, National Center for
Atmospheric Research Atmospheric Research
Thomas Karl, National Climatic Data Center Warren Washington, National Center for
Atmospheric Research
Richard Lindzen, Massachusetts Institute of Tom Wigley, University Center for
Technology - Atmospheric Research/National Center
for Atmospheric Research
Syukuro Manabe, Geophysical Fluid Carl Wunsch, Massachuseus Institute of

Dynamics Laboratory | Technology
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Figure 4 Box plots of elicited probability distributions of climate sensitivity, the change in
globally averaged surface temperature for a 2x[CO37] forcing. Horizontal line denotes
range from minimum to maximum assessed possible values. Vertical tick marks
indicate locations of lower 5 and upper 95 percentiles. Box indicates interval spanned
by 50% confidence interval. Solid dot is the mean and open dot is the median. The
two columns of numbers on right hand side of the figure report values of mean and
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Rather than pretend we can know precisely what will happen to
climate in the twenty-first century, it is more appropriate to
express future scenarios as a probability distribution. Here, James
Titus and V. Narayanan have compounded a range of possible CO,
emission estimates with a range of possible CO, concentrations and
used the latter to calculate a range of possible climatic changes (sea
level rise, in this case). While the probabilities calculated for each
specific outcome cannot be taken as quantitatively reliable, the
overall shape of the graphs and magnitudes of the changes are rep-
resentative of state-of-the-art assessments.
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APPENDIX
(Commentary resubmitted to Nature after initial round of peer review in June 1997)

Achieving Carbon Dioxide Targets Cost-Effectively:
What Needs To Be Done Now?

"Stephen H. Schneider and Lawrence H. Goulder
Stanford University, Stanford, CA 94305

I. Introduction

There has been a great deal of discussion about potential ways to reduce the rate
of atmospheric accumulation of carbon dioxide (CO,) and other greenhouse gases. This
commentary aims to clarify key economic issues related to the debates about the timing
of efforts to reduce CO, emissions, and about what policies might be involved in such
efforts. We will argue that:

(1) It is crucial to distinguish between the timing of emissions abatement and the timing
of abatement policy. Although there are compelling arguments for relatively small
amounts of CO, mitigation in the near term relative to the amount of abatement in the

. distant future, the emphasis on delayed abatement does not justify the absence of policy
action in the present or very near future. To the contrary, near-term abatement policy is
crucial to bringing about low-cost reductions in CO, emissions, even when most of those
reductions occur in the distant future.

(2) A carbon tax appears to be the most economically efficient and administratively
flexible instrument to employ as part of current policy action.

(3) Under a range of plausible economic assumptions, a carbon tax is a better instrument
for generating a cost-effective abatement profile than subsidies to R&D in alternative,
low-carbon sources of energy. However, under some circumstances the most cost-
effective policy is a combination of carbon tax and an R&D subsidy, where both the tax
and subsidy are implemented in the near term.

I1. Postponing Abatement Does Not Mean Postponing Policy
This journal recently published a widely cited and instructive article by Wigley,
Richels and Edmonds' on the appropriate timing of emissions abatement. Wigley et al.

* Address communications to Stephen H. Schneider at 6/19/97
. Department of Biological Sciences, Stanford University, Stanford, CA 94305-5020
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examined several alternative mitigation pathways that culminated in the same long-term

concentration of CO,, and concluded that in general overall abatement costs are kept to a
minimum when the bulk of CO, abatement takes place in the more distant future rather .

than in the near term. The article offered four explanations for their conclusion. The first
is the positive return on capital: abatement costs in the distant future can be discounted
more than nearer term abatement costs. The second is the idea that the capital stock for
energy production and end use can be long-lived, which implies that delayed abatement
allows orderly replacement of expensive production assets with less carbon or energy
intensive new technologies after the older stock has surpassed its economic lifetime. The
third is technological progress: over time, new technologies that are less carbon- and
energy-intensive are discovered and developed, and this means that the "availability of
low-carbon substitutes will probably improve and their costs reduce over time." Wigley
et al. also use a fourth argument, namely that carbon emitted sooner is exposed longer to
natural removal processes than carbon emitted later, and thus delayed abatement permits
a larger cumulative emissions total to produce the same long-term concentration target.

The main idea expressed in Wigley ef al. -- that society can economize on the
costs of achieving future concentrations targets by doing more abatement in the future
than in the short term -- has won many adherents. However, others ( e.g., Ha-Duong,
Grubb, and Hourcade?) contend that delaying current abatement efforts may be costly,
since current abatement efforts can be a crucial catalyst for generating the technological .
progress that ultimately leads to lower costs of abatement.

Much of this disagreement can be overcome if one distinguishes between
emissions abatement and abatement policy. While there are strong arguments to justify
concentrating the bulk of emissions abatement in the more distant future, we offer below
comparably compelling arguments for implementing, in the near term, government
policies that set in motion the sorts of economic adjustments necessary to bring about

low-cost reductions in emissions.

II1. Introducing a Carbon Tax Today Helps Produce a Cost-Effective Time Profile
of Emissions Abatement

Climate-related damages from accumulation of CO, represent an “externality ”
that is not captured in the price of carbon-based fuels.’ In the absence of government
intervention, the market prices of these fuels do not include this important element of
social cost. The policy of a carbon tax deals with this problem directly: if set




appropriately, this tax helps market prices better reflect the full social cost. This gives
purchasers of fuels the incentive to conserve on use of these fuels and to substitute other
inputs. In addition, because the tax will cause prices of carbon-intensive consumer goods
to rise relative to the prices of other goods, it gives individual consumers the incentives to
alter their purchases and to rely more on less carbon-intensive goods and services, and it
gives producers incentives to develop and deploy alternatives.

Of course, other policies could be used to discourage or restrict the use of carbon-
intensive fuels. These include direct limits or caps on fuel use, fuel-efficiency standards,
and mandated technologies or equipment. An extensive economics literature compares
these alternative instruments with the carbon tax.*’ This literature tends to embrace the
carbon tax as the most economically efficient and flexible instrument, because it
economizes on policy makers’ information requirements, provides dynamic incentives
(discussed below), is relatively inexpensive to administer, and is relatively easy to adjust
in response to new information (a virtual certainty in climate-assessment) in comparison
with technology mandates. Moreover, a carbon tax would bring in government revenue
that could be used to finance cuts in ordinary income taxes, thereby helping avoid the
inefficiencies associated with the disincentives to work or to save implied by income
taxes. Recent work indicates that this ability to generate revenues makes the carbon tax
much more efficient relative to quantity limits on carbon use.®

[t is important to recognize that an appropriately scaled carbon tax also helps
insure the most efficient time-profile for abatement. We concur with Wigley ef al.’s
argument that cost-effectiveness requires that the bulk of carbon emissions abatement
(relative to the path of emissions under an unconstrained business-as-usual scenario)
occur in the future rather than the present. But concentrating abatement in the future
does not justify avoiding carbon taxes in the near term. Economic analysis indicates that
carbon tax rates should be set according to the “marginal environmental damage” from
CO, emissions. Most analyses indicate that this implies a carbon tax of rising rates
through time*’®. Rising tax rates help encourage ever-increasing amounts of abatement.
Moreover, even a constant carbon tax rate, though less than optimal from the point of
view of economic efficiency, is consistent with a rising time-profile for abatement. This
reflects the idea that, as new technological options for emissions- (or fuel-) abatement are
discovered and implemented, the profit-maximizing amount of emissions abatement

expands -- even if the tax rate is constant. Thus, there is no contradiction between the



current introduction of carbon taxes and the cost-effective time profile for emissions
abatement.

Moreover, introducing the carbon tax in the near term is a key ingredient to
speeding up the technological change that justifies more future abatement relative to near-
term abatement. By making the use of carbon-based fuels more expensive, a carbon tax
provides incentives to engage in R&D aimed at the discovery and development of
alternative energy supply and energy end-use options. While the rationale for a carbon
tax is the need to incorporate into the price of carbon-based fuels the externalities
associated with carbon use, an important bi-product of this tax is the stimulation of R&D
and (presumably) technological progress in alternative energy sources. As emphasized
by Ha-Duong, Grubb, and Hourcade, a carbon tax can also stimulate technological
change by promoting “learnin g-by-doing.” In the climate-change context, this means that
experience with processes that reduce CO, emissions can generate new knowledge as to
how to reduce emissions more cheaply. In our view, the carbon tax is a useful vehicle for
exploiting this phenomenon. By introducing the tax (now), one promotes greater
experience with alternatives to conventional fuels, which in turn sparks technological

innovation.

IV. R&D Subsidies vs. Carbon Taxes

Does the carbon tax’s ability to stimulate R&D mean there is no justification for
introducing an R&D subsidy as part of climate-change policy? A general economic
principle is that governments should apply the policy instrument most closely related to
the particular “market failure” at hand. As noted, the central market failure here is the
climate-damage externality associated primarily with combustion of carbon-based fuels,
and that the carbon tax is the policy instrument that is directly oriented to that failure. A
subsidy to R&D does not directly deal with this market failure, because it does not
directly alter the prices of carbon-based fuels. If there were no other market failures to be
concerned about, an R&D subsidy would be unnecessary: the carbon tax alone would be
up to the task of reducing in a cost-effective manner the accumulation of CO,.

However, there is a second market failure to consider in connection with climate
policy -- failure in the market for R&D. It is well known that private investments in
research and development may generate “spillov er benefits” that are enjoyed by parties
other than the party making the investment. (For example, when an electronics firm
invests in R&D in new production methods, the fruits of that investment may be enjoyed




in part by other firms.) Not all knowledge can be kept as private knowledge. Economic
theory indicates that, under these circumstances, firms tend to under invest in R&D,
mainly because they do not take into account the full social value (including the spillover
benefits) when they make the investments. A government subsidy to R&D can correct
this market failure. The ideal subsidy would lower the firm’s cost of R&D enough to
cause the firm to expand its investment in R&D to the socially optimal level.

Does this theoretical argument imply that a carbon tax should be accompanied by
an R&D subsidy to alternative, low-carbon or carbon-free energy supplies? It depends.
The theory suggests that an R&D subsidy is appropriate wherever there are significant
spillovers. If such spillovers arise in connection with virtually all industrial investments
in R&D, then the most economically efficient policy response is not a specific R&D
subsidy to investments in alternative energy, but rather a broad-based subsidy applicable
to R&D investments by a wide spectrum of industries. On the other hand, if such
spillovers are particularly significant for investments in alternative energy supplies, then
there is a basis for a more specific R&D subsidy, that is, a subsidy targeted to
investments in R&D in alternative energy. The resolution of this issue requires further
empirical investigation; the evidence to support a targeted subsidy, so far, is scanty.
Public policy needs to proceed cautiously here: while there are strong theoretical and
empirical reasons to support a carbon tax, the efficiency case for a targeted R&D subsidy

is less clear.

[Table 1 about here]

Results from our economic simulation model for the U.S.’ are in accord with the
theoretical ideas just mentioned. (To our knowledge, ours is the only large-scale general
equilibrium economic model that treats incentives to invest in R&D, knowledge-
spillovers, and the functioning of R&D markets; hence it is uniquely suited to investigate
these issues.) The particular numbers are illustrative, and we emphasize the qualitative
insights from the results, not the specific numbers. Table 1 shows the costs of reducing
cumulative CO, emissions by 15 percent over the 100-year period beginning 1995 (the
initial simulation year). Panel A of this table evaluates these costs when the model
includes no spillovers from R&D investments. In this situation, the cheapest way to
attain the target is through a carbon tax alone. In the second panel, we evaluate these
costs under the assumption that there are significant spillovers from investments in R&D



by the “alternative energy ” industry (that is, the non-carbon-based fuel industry). In this
case, the combination of carbon tax and R&D subsidy to alternative energy represents the
most cost-effective way to attain the abatement target. This combination is cheaper that
the combination of carbon tax and broad subsidy to all investments in R&D. Panel C
considers the case where all investments in R&D involve significant spillovers. In this
case, the least-cost policy involves a combination of carbon tax and broad subsidy to
R&D. In no case does the R&D subsidy by itself offer the cheapest way to meet the
target reduction in cumulative emissions; indeed, when the R&D subsidy is introduced
alone, the costs of meeting the target are several times higher than in the other cases.
These results support the idea that a carbon tax is essential for cost-effective reductions of
CO, emissions, and that this tax should be accompanied by an R&D subsidy only to the
extent that there are spillover benefits from R&D.

A caveat is in order. If R&D markets are already highly inefficient (e.g., distorted
by prior subsidies or taxes), then gauging the costs of new R&D subsidies applied to low-
carbon sources of energy becomes more complicated. Depending on the array of pre-
existing subsidies, the costs of a combination of carbon tax and R&D subsidy might be
higher or lower than what is suggested in Table 1. These qualifications do not contradict
the general principle that to maximize economic efficiency R&D subsidies are warranted

only insofar as there are spillovers in R&D markets.

V. Two Further Considerations
Political Considerations

We have emphasized that a carbon tax is a crucial instrument for producing a
cost-effective abatement path. However, this policy is likely to be less popular than
subsidies to R&D in new energy technologies. Producers tend to abhor taxes and
embrace subsidies, for obvious reasons. But a policy consisting only of R&D subsidies
would not likely reduce emissions in the lowest-cost manner. It is also worth noting that
while an R&D subsidy is more favorable to producers, a carbon tax is more attractive to
general taxpayers (although some low income groups express concern about its potential
regressivity). An R&D subsidy needs to be financed through other tax revenues; in
contrast, under a carbon tax policy the government can “recycle” carbon tax revenues,

that 1s, use the revenues to finance cuts in individual income taxes, to the benefit of




general taxpayers (including lower income groups). Balanced discussions of policy
options require attention to these impacts on the tax-paying public.

We have concentrated our analyses on issues of cost-effectiveness and economic
efficiency. Of course, in the political arena there are advocates for other policy
principles, such as the precautionary principle or the principle of stewardship. Our
purpose here is not to debate the relative merits of alternative criteria for policy choices,
but simply show that a “do-nothing ” policy is difficult to justify, even according to a

policy criterion endorsed by most economists.

Uncertainty

Thus far we have ignored a key issue related to the policy problem: uncertainty.
We cannot address this issue in detail here. Some claim that current policy action is
premature, given the uncertainties about the likely extent of climate change and the
associated damages. Others maintain that the postponement of policy action could
necessitate more substantial, and much more costly, future action if such action were
ultimately required. Analytical work on this issue indicates that current policy action
remains worthwhile, despite the uncertainties, provided that there are not prohibitively

0.1t An attraction of a carbon tax

high “sunk costs ” of introducing the policy in question
policy is that it involves very minimal sunk costs, which suggests that near-term action is
warranted. Moreover, it is flexible enough to allow adjustments as new information as to
of the seriousness of climate change and the effectiveness of policy tools becomes

available.'?

VI. Conclusions

It may be cost-effective to parcel most of the abatement of CO, in the longer term
rather than the near term. But we emphasize that current policy action is needed to bring
about a cost-effective time profile of abatement, even if most abatement takes place in the
future. We would argue that a carbon tax (or some other flexible policy that directly
confronts the evolving climate-change externality from fossil-fuel combustion) is an
essential element of greenhouse policy. An R&D subsidy may be justified as
complement to a carbon tax when there are R&D market failures. But the case for the
subsidy (in terms of economic efficiency) rests primarily on spillover benefits from R&D
rather than on the prospect of environmental damages from the atmospheric buildup of
CO,.



Table 1

Costs of Achieving 15 Percent Reduction in Cumulative CO, Emissions
Over Period 1995-2095

(Percentage Reduction in Present Value of GDP)

Industries

Targeted Carbon Tax Plus Carbon Tax Plus
Scenario Carbon R&D Targeted R&D Subsidy Broad R&D Subsidy
Tax Subsidy
Alone Alone
subsidy rate | subsidy rate |subsidy rate [ subsidy rate
=1% = 5% =1% =5%
A. No Spillovers from 416 1.355 427 444 483 .523
R&D
B. Spillovers from R&D
by Alternative Energy 382 1.294 366 .350 .380 412
Industry (only)
C. Spillovers from R&D
Investment by All 433 1.323 441 455 401 319

Note: All simulations involve carbon tax rates that increase at a rate of 5 percent annually through the year

2075 and remain constant thereafter. In each scenario, the carbon tax profile is the lowest path of (rising)

tax rates that leads to the desired reduction in cumulative emissions.
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Statement for SEJ “Naysayers versus Doomsayers” Debate, St. Louis, MO
October 19, 1996

Ten minutes of presentation time does not remotely permit me an opportunity to discuss the volumes of
scientific information that bolster the concerns expressed by thousands of scientists about the likelihood
and seriousness of global environmental changes. While acknowledging at length that many uncertainties
remain, the 1995 Intergovernmental Panel on Climate Change (IPCC 1996) stated, “nevertheless, the
balance of evidence suggests that there is a discernible human influence on climate.” This well traveled
statement is not, by analogy, intended as the “beyond a reasonable doubt” criterion of criminal trials, but
rather is more in the “preponderance of evidence” spirit of civil cases.

The kinds of evidence (much of it circumstantial, but growing) assessed by IPCC authors include:
(1) A well validated physical theory (i.e. natural “greenhouse effect”)
(2) Well documented human-induced increases in CO,, CH,, SO:. etc.
(3) Paleoclimatic evidence of links between temperature and CO,/CHa.
(4) Paleoclimatic and historic evidence showing 0.5°C 20th century warming trend
to be unusual (probably unprecedented in the past 600 years)
(5) Twenty-five years of validation and testing of climate models have not substantially
altered most estimates of global surface temperature change ranges (i.e. 1.5 to 4.5°C
for 2 x CO,). Such tests include seasonal cycle of surface temperature, response
to volcanic eruptions and many paleoclimatic model/data comparisons.
(6) Recent comparisons of “fingerprints” of climatic changes from CO; and SO,
driven models give better match with observations than CO,-only driven models.
(7) Human activities (i.e.”business as usual™) likely to lead to large increases in CO;, etc.

Rather than try to squeeze anymore science into my remaining few minutes, let me, instead talk about
process: the process of scientific and environmental assessment, that is.

I began my scientific career as a skeptic -- calculating in 1971 that global increases in aerosols could
dominate greenhouse gases and lead to planetary cooling. I then extended the skepticism to myself,
showing in the refereed literature (Schneider, 1975) and popular books (Schneider, 1976) why I was
probably wrong at first (because aerosols are largely regional, not global and the stratospheric greenhouse
effect cannot be neglected). That is what scientists grappling with complex problems must do -- correct
their projections when new data or ideas become available to them.

Thus despite the apparent label imputed to me from the title of this debate (that I'm a “doomsayer”), I'm
actually a “naysayer”. More examples: in 1976 I co-authored the first paper (with R. Chervin) that
defined how to test the statistical significance of complex computer model experiments so false claims of
cause and effect could be rejected; in 1981 Starley Thompson and I published the first study showing that
so-called “equilibrium CO2-doubling” experiments in climate models probably would not produce a
realistic pattern (i.e. “fingerprint”) of climate change and again in 1994 (in Science) I reinforced that
theme and added to it the need to include geographically patchy forcing factors like sulfate aerosols (tying




an entire movement in 1984-6 that had been using “nuclear winter” as the motivation for dramatic nucle
arms reduction as Thompson and I showed that scientifically (not politically, since I agreed on other
grounds with the need for arms control) the most likely scenario was a milder “nuclear autumn” — for
which I was attacked by “peace” groups and celebrated by many of the same interests that today label me
as “extreme” or “doomsaying” in the global environmental change debate. What I was doing then -- and
now-- was -- and is -- science -- letting the evidence accumulate and building my views as to the
likelihood of a range of outcomes (from beneficial to catastrophic) based on how the community of
scholars uncovers and debates the evidence.

it back to my 1971 work on global aerosol cooling); and my most noted “naysaying” was to stand up to ‘

So I am a well documented “naysayer”. But I’m also a “doomsayer”, as the debate organizers have
predicted, because I believe that so much uncertainty still accompanies problems like global warming and
species extinction that I foresee a significant chance (i.e., greater than ten percent probability) for
catastrophic outcomes (like a major extinction crisis or serious disease outbreaks being exacerbated by
the synergism of habitat fragmentation, introduction of non-native “exotic” species and anthropogenic
climate changes). In my value system we should consciously focus on such negative outcomes, not
because all imaginable pessimistic possibilities are necessarily our most likely future, but because
problems are what we want to avoid. Are we all "doomsayers” for buying health or house insurance, for
hedging our bets by making conservative business investments or for advocating personal or national
security expenditures despite the low probability that we personally will be attacked? In this risk-averse
context I’ll wear the “doomsayer” label proudly. What I like least is polarized labeling. It sometimes
makes a convenient storyline, but it rarely captures the breadth of most scientists’ views on complex
problems.

The key scientific and policy problems are (1) how to assign (essentially subjective) probabilities to the
range of foreseeable outcomes from beneficial to catastrophic, and (2) whose estimates should be trusted.
My answer is “nobody’s” -- that is, no individual’s. Scientific assessment of global environmental change
is (1) multidisciplinary -- it needs physical, biological and social scientists as well as decisionmaking
groups -- and (2) complex systems are not perfectly understood. These two factors suggest, no require,
that broadbased communities of scholars and decisionmakers be part of the assessment process. No one
of us has enough wisdom to cover all the intellectual bases, even if we need to represent in some forums
many aspects of the community knowledge we learned through the assessment process. In the climate
change case, community assessment was most frequently undertaken by committees of the US National
Academy of Sciences, and more recently (past seven years) by the IPCC. Despite shifts of emphasis or
details from report to report, the basic conclusions of these broad based assessments have been
remarkably unchanged for two decades: both mild and catastrophic (i.e. less than 1°C or more than 5°C
warming in the next century) outcomes are possible but improbable (i.e. typically less than ten percent
subjective likelihood). These subjective probabilities from mainstream science are also very close to my
own (see Fig. 1 of Morgan and Keith, 1995 -- I am scientist #9).

Contrast our conservative estimates that consider “the end of the world” or “nothing at all” as low
probability outcomes with the subjective probabilities of “naysayers” like MIT’s Richard Lindzen

(scientist #5 on Fig. 1 of Morgan and Keith, 1995). He, and other such self-confessed “contrarians” not

only assign a very high probability to negligible outcomes, but either don’t discuss or disdain the

possibility that the more serious outcomes that the bulk of the scientific community believes to be most ’
probable could even occur. And for this narrow view they are often cited to “balance” media stories tha




pit one or two of a half a dozen such “naysayer” scientists versus spokespersons for a thousand
mainstream scientists who openly admit that negligible outcomes are possible, just unlikely given what we
now know. I’'m not suggesting that extreme views should be ignored, only reported in the context of
mainstream opinions since most readers/listeners can’t easily know that two opposing opinions do not
carry the same scientific weight.

Similarly, “naysayers” have asserted that even if climate change occurs as projected it is likely to do no
economic or environmental harm and that those who assert otherwise are just “doomsaying”. Yale
economist, William Nordhaus, hardly known as a “doomsayer”, surveyed the opinions of mainstream
economists, environmental economists and natural scientists finding that the former, indeed, had a factor
of twenty less anxiety about the economic or environmental consequences of climate change than the
later. However, the bulk of even the conservative group of economists considered there to be at least a
ten percent probability that typically projected climate changes could still cause economic damages worth
several percent of gross national product (the current US GNP is around five trillion dollars -- about
twenty percent of the global figure). And, some of these economists didn’t figure in costs of “non-
market” damages (i.e. harm to nature). One ecologist who did even went so far as to assign a ten percent
chance of a hundred percent loss of GNP -- the virtual end of civilization! While Nordhaus asserted that
those who know most about the economy are less concerned I, (I am respondent #10, in Nordhaus,
1994) countered with the obvious observation that those who know the most about nature are very
concerned.

We will not easily resolve the paradigm gulf between the optimistic and pessimistic views of these
specialists with different trainings, traditions and world views, but the one thing that is clear from both
the Morgan and Keith and Nordhaus studies is that the vast bulk of knowledgeable experts from a variety
of fields admit to a wide range of plausible outcomes in the area of global environmental change --
including mild and catastrophic eventualities under their broad umbrella of possibilities. This is a
condition ripe for polemics by those who abuse the openness of the community (which admits the
possibility of opposite extreme outcomes). Such polemicists then take extreme or mild outcomes and
inflate them as if they were our most likely future, and next fax this special interest distortion in press
releases from one end of the world to the other.

Citizens, decisionmakers and journalists alike should beware of those who profess great confidence in
their brand of highly certain “truth”. Myth busters, truth tellers and the cocksure all share one
characteristic: inflated certainty about global climate change issues. Once in a while a Copernicus comes
along to overthrow some wrongheaded scientific dogma. But I'll bet that for every real Copernicus there
are thousands of pretenders. For science, consensus is certainly not equivalent to truth. There are many
remaining measurements to make and theories to test. But for policymaking, consensus assessments from
the NAS or IPCC are the best guides we have. An IPCC report may be cumbersome, and hard to
characterize in a polarized storyline, but it comes way closer to the best available science than the
elliptical pronouncements of a handful of contrarian scientists whose extreme views are amplified way
beyond their credibility by special interest megaphones and then faxed to journalists and policy makers
across the planet. The signal to noise ratio of the climate debate may be more baffling to the public than
the problem of detecting a human-induced climate signal out of the noise inherent in natural climatic
variability is to the scientist. There are not likely to be highly certain conclusions anytime soon.
Meanwhile, habitats continue to be fragmented and pollutant emissions continue to grow, exacerbating
the “great geophysical experiment” we are performing on Laboratory Earth.



For those interested in more depth on my personal views about the science and assessment issues, they
are most recently expressed in my forthcoming book Laboratory Earth: The Planetary Gamble We Car.
Afford to Lose, (UK edition published October 1996 by Weidenfeld & Nicolson, London and the US

edition to be published January 1997 by Harper Collins, Basic Books, New York).
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GLIMATE CHANGE

Subjective Judgments by
Climate Experts
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Structured interviews using “expert elicitation”
methods drawn from decision analysis were
conducted with 16 leading U.S. climate scien-
tists. We obtained quantitative, probabilistic
judgments about a number of key climate vari-
ables and about the nature of the climate sys-
tem. We also obtained judgments about the rela-
tive contributions of various factors to the
uncertainty in cfimate sensitivity. We found
strong support for the importance of convection/
water vapor feedback and of cloud optical prop-
erties. A variety of questions were posed to
elicit judgments about future research needs
and the possible sources and magnitude of fu-
ture surprises. The results reveal a rich diversity
of expert opinion and, aside from climate sensi-
tivity, a greater degree of disagreement than is
often conveyed in scientific consensus docu-
ments. Research can make valuable contribu-
tions, but we interpret our resuits to mean that
overall uncertainty about the geophysics of cli-
mate change is not likely to be reduced dramati-
cally in the next few decades.

468 A m VOL. 29, NO. 10, 1995 / ENVIRONMENTAL SCIENCE & TECHNOLOGY

When scientific uncertainty limits analytic model-
ing, but decision makers cannot wait for better sci-
ence, expert judgment can be used in the interim to
inform policy analysis and choice. Approaches such
as the “Delphi method” (1, 2) have been developed
to obtain consensus summaries. Without using for-
mal methods, scientific panels, such as those of the
Intergovernmental Panel on Climate Change (IPCC)
(3) or the National Research Council (NRC) (4) of-
ten strive to produce consensus summaries.

However, when uncertainty is high because of fun-
damentally different views about underlying phys-
ical processes, a consensus summary may not best
serve policy analysis needs. An alternative ap-
proach, widely used in applied Bayesian decision
analysis (5-7), formalizes and quantifies the judg-
ment of individual experts through expert elicita-
tion (8-11). Subsequent analysis of results allows con-
clusions about the importance of the range of expert
opinions to the overall policy debate. Apparent deep
disagreements can make little difference to the pol-
icy conclusions or be critically important (11).

We conducted detailed expert elicitations with 16
leading climate scientists as part of a Carnegie Mel-
lon program of integrated assessment of climate
change (12). Several limited elicitations on climate-
related topics have been reported in the literature {13
(for a critique see Stewart, T. R.; Glantz, M. H. Cli-
mate Change 1985, 7, 159-83), 14, 15], but ours were
more technically detailed. Because we were con-
cemed about both model uncertainty and param-
eter uncertainty, we also developed several new ques-
tion designs and response modes not used in
previous elicitations.

The results reveal a rich diversity of expert opin-
ion. Aside from estimates of climate sensitivity, de-
fined here as the global average surface warming
caused by a doubling of carbon dioxide concentra-
tions, they indicate a greater disagreement than we
believe is usually conveyed in scientific consensus
documents. We are aware of one instance in which
such a panel attempted to use subjective probabil-
ity distributions to characterize uncertainties (16, 17).
Although such techniques require time and care, we
believe that more general use of these methods could
improve communication significandy. - = .

We find there is almost no agreement about the
effect of climate change on policy-relevant factors
such as changes in precipitation over land and var-
ious forms of interannual variability. However, ex-
perts agree that uncertainties in policy-relevant mea-
sures, such as climate sensitivity, could be reduced
by about 20% over the next decade or two if re-
search substantally improves understanding of con-
vection/water vapor feedback or cloud optical*prop-
erties. Research on oceanic convection and CO,

0013-936X/95/0929-468A$09.00/0 © 1995 American Chemical Society
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Expert Opinion on C]

imatic Change

‘ ‘ Interviews with social and natural scientists reveal vast disparities in estimates
of the economic impact of potential greenhouse warming

William D. Nordhaus

Concems about the prospect of
global warming offer a signal ex-
ample of the tension between two dif-
ferent views of. the relation between
economic growth and resources.

At one extreme lies a cheerful fron-
tier mentality that looks forward to lim-
itless economic expansion for the hu-
man race. The earth, in this view, has
endless rangeland to graze, oceans of
offshore oil and gas for drilling, deserts
on which to build airports and parking
lots, and substitutes readily available
wherever scarcities arise. The frontier
view sees human societies adapting
readily to the modest projected rise in
global temperatures that might accom-
pany greenhouse warming. “Fron-
" tierniks” might anticipate a new fron-
tier in Russia and other polar regions,
trusting that warming will open vast
new terrain for mineral exploitation and
human expansion, and perhaps even
imagine surfing in Alaska or sun-
bathing in Siberia.

At the other extreme is a dour con-
viction that finds constraints on every

William D. Nordhaus is A. Whitney Griswold
Professor of Economics and is on the staff of the
Cowles Foundation for Research at Yale
University. He is a former member of the
President’s Council of Economic Advisers and
former provost of Yale. Dr. Nordhaus is a member
of the National Academy of Sciences (NAS)

L Carbon Dioxide Assessment Committee (1981-83)

and of the Synthesis and Adaptation Panels of the
NAS Committee on the Policy Implications of
Greenhouse Warming (1990-92). He is author of
Managing the Global Commons (MIT Press,
forthcoming); Economics (with Paul Samuelson),
14th edition, 1992; The Efficient Use of Energy
Resources (Yale Press, 1979); and numerous
books and articles on macroeconomics, energy and
environmental economics, and the economics of

lobal warming. Address: Department of
Economics, P.O. Box 1972 Yale Station, New
Haven, CN 06529-1972
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front for people and espedially for the
natural systems on which they depend.
Economic development will inevitably
be limited by the depletion of re-
sources, overpopulation and lethal pol-
lution. In this view, unintended conse-
quences threaten to overwhelm human
ingenuity, and we must be ever vigi-
lant lest the dikes that hold back cata-
strophe break and we find ourselves
inundated by the threatening seas.
“Limitniks” see clouds behind every
silver lining, believe that global warm-
ing poses dire risks to natural ecosys-
tems, and hold that these risks will
spill over :o threaten human cviliza-
tions as well. They warn of losses in
systems that cannot adapt quickly,
such as coral reefs and forests; they
worry about invasions of pests and
viruses that will be bred in enlarged
tropical regions; and they fret about a
breakdown in vital human-support
systems as we undertake this vast geo-
physical experiment.

At this point, no one can say with
any assurance which of these views of
the impact of global warming is the
right one or in what measure either is
closer to the truth. Neither natural nor
social science is capable today of pre-
dicting with high confidence how cli-
mate may change, nor are the geo-
physical, ecological or social reactions
to such changes easily foreseen.

We have only “best guess” scenarios
for climatic change and the social reac-
tions it might cause. And even there, the
range of possible alternative outcomes
overwhelms even the most fertile imagi-
nation. For example, many who analyze
the perils of future climatic change argue
that the greatest impact would not come
from the smooth and linear projection
that comes out of climatic and economic
models. Rather, the major danger to the
human prospect may lie in the low-prob-
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ability, high-consequence events—possi-
bly including catastrophic changes that
are difficult or impossible to foresee.

Because of the difficulties of using
conventional techniques to gather in-
formation, the present study takes an-
other approach—that of surveying ex-
pert opinion. The original purpose of
the survey reported here was to estab-
lish estimates of impacts of climatic
change that could be used in quantita-
tive modeling of global change. Once
under way, however, the survey took
on a life of its own. It became a means
of exploring the diversity of views held
by those who have thought deeply
about global warming and its impacts
and about the extent of uncertainties.

The survey revealed that the range
of estimated impacts was indeed enor-
mous, and the stakes in both better
understanding and wise policies are
clearly equally large. Aside from the not-
surprising finding of great dissension,
the opinions of experts revealed major
differences among disciplines, particu-
larly between mainstream economists
and natural scientists. One might even
say that over the two centuries since
Malthus, economists have cast off the
mantle of the dismal science while
Malthus'’s intellectual progeny in ecolo-
gy and the evolutionary sciences have
donned that cloak. But I get ahead of
the results, so let us turn next to the sur-
vey itself.

How the Survey Developed

I developed the survey in an interac-
tive process with respondents. It start-
ed with a letter circulated to three peo-
ple (two experts in climatic change and
one economist who had extensive ex-
perience in surveys), outlining the
idea. Our discussions led to a letter to
several potential respondents inviting
them to participate.
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Figure 2. Estimates of the impact on global out-
put in the event of global warming varied great-
ly among the 19 respondents to the survey. In
scenario A, a 3-degree-Celsius rise in global av-
erage temperature by 2090, experts predicted a
loss ranging from 0 to 21 percent of gross world
product (GWP). Ranges for scenario B, a con-
tinuation of scenario A to a 6-degree warming
by 2175, and scenario C, a more rapid warming
of 6 degrees by 2090, were even greater, at 0 to
35 percent and 0.8 to 62 percent of GWP.

volved estimating the impact of climatic
change on countries or regions with dif-
ferent levels of income and develop-
ment. More precisely, respondents were
asked to estimate the ratio of the impact
on the top quintile to the impact on the
bottom quintile of the world income
distribution. All but one of the respon-
dents were of the opinion that the de-
veloping countries (that is, the lowest
quintile) would be more seriously af-
fected than the high-income countries.

The Influence of Point of View

I'shall tumn next to a qualitative review of
the results. The major impression that
emerges from this survey is that experts
hold vastly different views about the po-
tential economic impact of climatic
change. At one extreme are the natural
scientists, all three of whom have pro-
found concerns about the economic im-
pacts of greenhouse warming. For exam-
ple, the mean of these three respondents’
answers has a 12-percent probability of
severe econornic consequences under soe-
nario A. At the other extreme are the “oth-
er subdisciplines” of economics (those
whose prindipal concemns lie outside envi-
ronmental economics); these eight re-

18 Amencan Scientist. Valiime R?

spondents see much less potential for the
calamitous outcome—0.4 percent, or
about one-30th of the magnitude estimat-
ed by the natural scientists. For the more
rapid warming in scenario C, the estimat-
ed range of probabilities of economic
calamity was 20 to 95 percent for the nat-
ural scientists and 03 to 9 percent for the
mainstream economists. The same gap—
although it was sometimes less pro-
nounced—ran through the responses to
most of the rest of the i

What might lead to such a difference
in outlook? One respondent suggested
whimsically that it was hardly surpris-
ing, given that the economists know lit-
tle about the intricate web of natural
ecosystems, whereas scientists know
equally little about the incredible adapt-
ability of human economies. One re-
spondent (4) explained the difference of

views as follows:

Thave not heard a compelling scenario
about the crisis scenario. People tend
to have an apocalyptic streak—for ex-
ample, many scientists held that the
probability of nuclear war was a few
percent per year in the 1950s and
1960s whereas a more realistic num-
ber would have been an order of mag-
nitude smaller. On the basis of that
tendency and the ability to adapt,
even if climate change were very
rapid, it wouldn’t be all that terrible....

Another respondent (9) spoke of the
views of different participants in the
policy debates:

What is my impression of the view of
people involved in the policy process?
On the whole, their views are very
sketchy and ill-thought-out. People
have fears about the future that are not
grounded in reality. Scientists tend to
be more conservative and don't see
such adverse outcomes whereas
politicians tend to see weird possible
outcomes. There are big differences
among people because of the impact
of affluence. Policies tend to get dis-
cussed in Colorado in August above
7,000 feet, and above 7,000 feet people
lose the concept of discount rates.

Apocalypse or Small Potatoes?

The second impression that arises from
this survey is that for most respondents
the best guess of the impact of a 3-degree-
warming by 209, in the words of respon-
dent 17, would be “small potatoes.” Only
three respondents expect the impact of
scenario A to be more than 3 percent of

& mean @ median Jrange

25
T . - 95
i1 P
& 20 -
§ ] | +17.5
15 - - ¢
g : : _
g 1 5 121
10 - DR
5 ] L - _
> 51 #4".3_ . $50
g8 1 | T 0
g °:~' .. ..- J:O.:‘;_
| c

Figure 3. Estimates of the likelihood of a high-
consequence event (a loss of at least 25 percent
in global output, equivalent to the Great De-
pression) from global warming give an indica-
tion of the potential for catastrophic impacts.
Note that averages were greatly affected by a
few extreme responses. Estimates went as high
s 30, 75 and 95 percent for scenarios A (3-de-
gree wamming by 2090), B (continuation of A to

6-degree warming by 2175) and C (6-degree
wanming by 2075).

GWP. In terms of economic growth, the
median estimated impact for scenario A
over the next century would reduce the
growth of per capita incomes from, say,

150 percent per year to 1.485 percent per
respandent i

year. One summarized the re-
laxed view: “I am impressed with the
view that it takes a very sharp pencil to
see the difference between the world with
and without dimate change or with and
without mitigation.”

Among the problems that face hu-
manity (as opposed to natural systems),
global warming does not rank very
high for many respondents. Respon-
dent 16 stated that “global warming is
way down the list of people’s concemns,
especially compared to the conventional
economic concemns.”

Concerns about Ecosystems

Many of the non-economists voiced
deep concern about the ability of nat-
ural ecosystems to adapt to climatic
change, particularly for the large tem-
perature increases. A scientist (respon-
dent 19) stated:

In [scenario B), I continue to assume
that there will be larger temperature




“chahges in the polar regions of the or-
der of 20 degrees Fahrenheit. In this
case, there would be a major change
in that we would be moving to a
nearly ice-free world with all that
would imply. It is hard to imagine
what the world would be like with
an ice-free Arctic, with a weakening
of the circumpolar vortex and a
movement of storms to the north,
mild temperature in the Arctic re-
gions, agricultural possibilities in
high northern latitudes, as well as
substantial mid-latitude desiccation....

If we move to the rapid-change
case [scenario C], this would add a
rapidity of change so that ecosystemns
could not adjust. The biosphere
would be radically changed, and I
suspect that there would be severe
economic effects.

Secondary Effects

Some respondents foresee the potential
for society to respond in highly non-
productive ways as global warming
turns from prediction to reality. Re-
spondent 18 stated that as the reality
of greenhouse warming becomes clear-
er, even a modest climatic change “will
create a sense of crisis that could lead
to short-term irrational policies.” A sci-
entist (respondent 10) stated his con-
cerns as follows:

My concern about future climatic
change is a complicated Gestalt. I be-
lieve that the climatic stresses will
make it more difficult to accomplish a
number of important objectives, par-
ticularly the apprediation or utility of
the diversity of nature. Particularly at
high rates and numbers, the tropics
will be a mess, it will trigger numer-
ous feedbacks, and nature and many
human activities cannot adapt at
those rates. This could lead to pest in-
vasions, waves of refugees, and wars.
All these concerns lead to the idea
that 6 degrees [Celsius] in a century
could be catastrophic at a first deci-
mal-place probability.

Our Ability to Adapt
There is a clear difference in outlook
among the respondents, depending on
their assumptions about the ability of so-
ciety to adapt to climatic changes. One
was concerned that society’s response to
the approaching millennium would be
akin to that prevalent during the Dark
ges, whereas another respondent held
that the degree of adaptability of human

economies is so high that for most of the
scenarios the impact of global warming
would be “essentially zero.” An econo-
mist (14) explains that in his view energy
and brain power are the only limits to
growth in the long run, and with suffi-
cient quantities of these it is possible to
adapt or develop new technologies so as
to prevent any significant economic
costs. This respondent also points out
that the time frame over which the dli-
matic changes are expected to take place
is sufficient to allow developments of
new technologies and other adaptations.

Another respondent (16) elaborated
on the role of technology:

What is missing most is an under-
standing of the role of technology, of
how sodiety will change as technology
advances. If we had been concerned
with global warming in the 1890s, it
would have concerned transportation
by horses rather than automobiles. It is
impossible to contemplate what soci-
ety will be like a century from now as
technology changes.

Respondent 19 expressed a similar
viewpoint:

Technology will develop to adjust to

and accommodate many of the climat-

ic changes and even provide approach-

es to countering warming effects.

However, projecting technological

=3 nonenvironmental
economists

HE natural scientists

55

30 4

20

12.3
10

probability of high consequence event (percent)

scenario

Figure 4. Difference in academic discipline
separated those making high estimates of the
economic impacts from global warming from
those who were comparatively unconcerned.
Natural scientists’ estimates were 20 to 30
times higher than mainstream economists’.

changes a century or two into the fu-
ture is hazardous at best. All we can
really say is that there will be tech-
nological changes and that as in the
past they will probably offset ad-
verse effects to some degree.
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11 615 1218 7 13 10 5 8

individual respondents’ answers

Figure 5. Respondents were queried on the distribution of impacts for scenario A. The 90th per-
centile is the level of impacts for which a respondent believes that the odds are 9 to 1 that the ac-
tual outcome will better. Each respondent’s best guess of impacts is shown as the 50th percentile.
From the ranges of these estimates can be inferred some measure of each respondent’s degree of
uncertainty about the economic impact of a 3-degree warming by 2090.
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with reservations and a recognition of
the i.therent difficulty of the task. One
respondent (19), however, was a hold-
out from such guesswork, writing:

I must tell you that I marvel that
economists are willing to make quan-
titative estimates of economic conse-
quences of climate change where the
only measures available are estimates
of global surface average increases in
temperature. As [one] who has spent
his career worrying about the va-
garies of the dynamics of the atmos-
phere, I marvel that they can trans-
late a single global number, an
extremely poor surrogate for a de-
scription of the climatic conditions,
into quantitative estimates of impacts
of global economic conditions.

Warming in the Global Perspective
Finally, many of the respondents noted
that greenhouse warming is but one of
the issues and uncertainties facing civi-
lization in the century to come. Respon-
dent 2 expressed this view as follows:

“God does not play dice with the uni-
verse,” was Albert Einstein’s reaction
to quantum mechanics. Yet mankind
is playing dice with its natural envi-
ronment through a multitude of in-
terventions. Depending on one’s per-
spective, it is easy to become either
optimistic or pessimistic about our
ability to understand and cope with
the threat that greenhouse warming
poses to our global village. On the
one hand, it is true that we are... gam-
bling with our future in more ways
than we know. Humans seem just as
quarrelsome as they were at the
dawn of recorded history, and they
have devised new weapons that are
awesomely effective at avenging their
quarrels. At the same time, our pow-
ers of observation and analysis are
also orders of magnitude more pow-
erful. The combination of monitoring,
measuring, analyzing and computing
are growing even faster than our abil-
ity to emit greenhouse gases, pollute
and cut trees. What will win this race
between our tendency to quarrel and
pollute and our power to reason and
compute? The answer must await the
roll of the dice called history.

Survey Participants and Affiliations

Robert M. Adams (anthropology). Secretary of
the Smithsonian Institution. Former provost
of the University of Chicago. Member of the

Synthesis and Science Panels of the U. S. Na-
tional Academy of Sciences (NAS) Commit-
tee on the Policy Implications of Greenhouse
Warming (1990-92). Research on the history
of irrigation and urban settlements.

Jesse Ausubel (technological and policy sciences).
Fellow in Science and Public Policy, Rocke-
feller University. Staff director of the NAS Car-
bon Dioxide Assessment Committee
(1981-83) and member of the Adaptation Pan-
el of the NAS Committee on the Policy Impli-
cations of Greenhouse Warming (1990-92).
Research on technology and society.

William Cline (economics). Senior researcher, In-
stitute of International Economics. Author of
The Economics of the Greenhouse Effect (1992). Re-
search on international economics, the debt ai-
sis and the economics of global warming,

Richard N. Cooper (economics). Professor of eco-
nomics, Harvard University. Former Under-
secretary of State for Economic Affairs and
former provost, Yale University. Member of
the Synthesis and Mitigation Panels of the
NAS Committee on the Policy Implications of
Greenhouse Warming (1990-92). Research on
international economic cooperation.

Rob Coppock (policy studies and risk analysis).
Staff of the NAS. Staff director of the NAS Pan-
el on the Policy Implications of Greenhouse
Warming (1990-92). Research on risk analysis.

Daniel J. Evans (structural engineering). Busi-
ness consultant. Former governor of the state
of Washington and former U.S. senator.
Chairman of the Synthesis Panel of the NAS
Panel on the Policy Implications of Green-
house Warming (1990-92).

Michael Grubb (energy-policy analyst). Senior
research fellow at the Energy and Environ-
mental Program of the Royal Institute of In-
ternational Affairs, London. Main work in
this area is the two-volume work Energy Pol-
icy and the Greenhouse Effect.

Karl-Goran Maler (environmental economics).
Professor of economics at Stockholm Insti-
tute of Economics. Author of game-theoreti-
cal analysis of problems of negotiating cli-
matic change issues. Research on the
economics of environment and develop-
ment, with a chapter on environment and
development for Handbook of Development
Economics, Vol. 2.

Alan Manne (economics). Professor emeritus of
operation research, Stanford University.
Chairman of the International Energy Work-
shop (1981-), participant in the U.S. National
Academy of Sciences CONAES (Committee
on Nuclear and Alternative Energy Systems)
study and in several rounds of the Stanford
Energy Modeling Forum. Research on mathe-
matical modeling and energy systems.

Richard Morgenstern {environmental econom-
ics). Associate director, U. S. Environmental
Protection Agency (EPA). Supervised re-
search and reports on the economic impacts
and policy implications of global warming.
Economic advisor to the administration of
the EPA at the Earth Summit, June 1992,

William D. Nordhaus (economics). A. Whitney
Griswold Professor of Economics, Yale Uni-
versity, and author of this article.

Gordon Orians (ecology). Professor of zoology
and environmental studies at the University
of Washington. Past director of environmen-
tal studies. Member of the Synthesis and
Adaptation Panels of the NAS Committee on
the Policy Implications of Greenhouse
Warming (1990-92). Coeditor of Global Bio-
geochemical Cycles (Academic Press, 1992).

David Pearce (environmental economics). Pro-
fessor of economics at University College,
London, and director of the Center for Sodial
and Economic Research on the Global Envi-
ronment. Advisor to Her Majesty’s Govern-
ment on environmental economics (1989-92).
Research on environment and development.
Professor Pearce was assisted in responding
by Samuel Fankhauser, who has undertaken
an extensive survey of estimates of the im-
pact of global warming.

Richard Schmalensee (economics). Professor of
economics, MIT. Former member of the Pres-
ident’s Council of Economic Advisers. Su-
pervised U. S. government report on the eco-
nomics of climatic change and coordinated
the government’s economic policies on cli-
matic change. Research on industrial organi-
zation and regulation.

Stephen Schneider (climatology). Professor of
biological science, Stanford University. For-
mer head of Interdisciplinary Climate Sys-
temns at the National Center for Atmospheric
Research. Member of the Synthesis and Miti-
gation Panels of the NAS Panef on the Policy
Implications of Greenhouse Warming
(1990-92). Research on climate modeling.

Thomas Schelling (economics). Professor of eco-
nomics, University of Maryland. Chairman
or member of several committees on the im-
plications of global warming and author of a
chapter on impact and adaptations for the
NAS Carbon Dioxide Assessment Commit-
tee (1981-83). Research on game theory, na-
tional security and microeconomics.

Lawrence Summers (economics). Professor of
economics, Harvard University (on leave)
and Undersecretary of the Treasury for mon-
etary affairs (1993-). As chief economist at
the World Bank, he supervised studies and
the writing of World Development Report 1992,
which surveyed development and the envi-
ronment, and interacted with authors and
the writing of background papers on the
economic aspects of giobal warming.

Paul Waggoner (meteorology and agricultural

science). Distinguished scientist at the Con-
necticut Agricultural Experiment Station.
Former director of the Connecticut Agricul-
tural Experiment Station and chairman of the
Adaptation Panel and member of the Syn-
thesis Panel of the NAS Committee on the
Policy Implications of Greenhouse Warming
(1990-92). Research on climate and agricul-
ture, especially water and pests.

Robert White (atmospheric science and engi-
neering). President, National Academy of
Engineering. Former chief, U. S. Weather Bu-
reau, and administrator of the National
Oceanic and Atmospheric Administration.
Research on general dirculation of the atmos-

phere. Oversight and review of reports on
global environmental issues. ‘
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The 1995 IPCC Report:

Broad Consensus or “Scientific Cleansing”?'

article for Ecofables/Ecoscience
by

Paul N. Edwards
Program in Science, Technology & Society
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Stephen H. Schneider
Institute for International Studies
Dept. of Biological Sciences
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In the spring of 1996, the Intergovernmental Panel on Climate Change (IPCC) released
its Second Assessment Report (SAR) on the question of human impacts on the global
climate system.’ Like past [IPCC assessments, the SAR had three parts: climate science
(Working Group I), impacts of climate change (Working Group II), and economic and
social dimensions (Working Group III).

The Global Climate Coalition (an energy industry lobby group) and a number of self-
proclaimed “contrarian” scientists immediately launched a major, organized attack
designed to discredit the conclusions of Working Group I as expressed in the SAR. They
claimed that the IPCC had inappropriately altered a key chapter for political reasons.
They alleged that the IPCC had “corrupted the peer review process” and violated its own
procedural rules.

These accusations ignited a major debate — widely reported in the press — lasting
several months. Were the charges true?

THE IPCC SECOND ASSESSMENT REPORT

The IPCC is an office of the United Nations Environment Programme and the World
Meteorological Organization. Its evaluates and synthesizes the scientific understanding of
global climate change for national governments and United Nations agencies. Its goal is
fairly to represent the full range of credible scientific opinion and, if possible, to identify
a consensus view on the most likely scenario(s) within this range. The IPCC’s reports are
intensively peer-reviewed. They are generally regarded as the single most authoritative
source of information on climate change and its potential impacts on environment and
society.

Like all IPCC assessments, the SAR contained three “Summaries for Policymakers”
(SPMs), one for each of the IPCC’s three Working Groups. Since the full SAR stretches
to well over 2,000 pages of mostly dense technical prose, few outside the scientific
community are likely either to read it in its entirety or to understand most of its details.
Therefore, these summaries tend to become the basis for press reports and public debate.
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For this reason, the Working Groups consider their exact wording with extreme care
before they are published. At the end of the IPCC report process, they are approved word

‘ for word by national government representatives at a plenary meeting attended by only a
fraction of the lead authors.

The SPM for Working Group I, which assesses the state of the art in the physical-science
understanding of climate change, contained the following now-famous paragraph:

Our ability to quantify the human influence on global climate is currently
limited because the expected signal is still emerging from the noise of
natural variability, and because there are uncertainties in key factors.
These include the magnitude and patterns of long—term natural variability
and the time—evolving pattern of forcing by, and response to, changes in
concentrations of greenhouse gases and aerosols, and land surface
changes. Nevertheless, the balance of evidence suggests that there is a
discernible human influence on global climate. (Italics added.)’

Three-quarters of this paragraph consists of caveats about uncertainties and limitations of
current understanding. Nonetheless, it marked the first time the IPCC had reached a
consensus on two key points: first, that global warming is probably occurring
(“detection”), and second, that human activity is more likely than not a significant cause
(“attribution™). Like this summary paragraph, the body of the report discussed —
frequently and at length — the large scientific uncertainties about attribution. The
Working Group carefully crafted the “balance of evidence” sentence in the SPM to
communicate the strong majority opinion that despite these uncertainties, studies were
beginning to converge on a more definitive answer to the attribution question.

‘ The SAR was fraught with political significance. Official publication of the full report
occurred in early June, 1996. At that point the Second Conference of Parties (COP-2) to

the 1992 Framework Convention on Climate Change was about to meet in Geneva. A sea
change in American climate policy was widely rumored. Since the Reagan
administration, official U.S. policy had sanctioned only voluntary, non-binding emissions
targets and further scientific research. If the United States were to abandon its resistance
to binding emissions targets, a strong international greenhouse policy would become
much more likely. Since the more-research, no-binding-targets position was officially
based on assertions of high scientific uncertainty, the SAR’s expressions of increased
scientific confidence were viewed as critical.

The rumors proved correct. On July 17, 1996, U.S. Under-Secretary of State for Global
Affairs Tim Wirth formally announced to COP-2 that the United States would now
support “the adoption of a realistic but binding target” for emissions. The exact degree to
which the IPCC SAR influenced this policy change cannot be known. But Wirth certainly
gave the impression that the report was its proximate cause. He noted in his address that
“the United States takes very seriously the IPCC’s recently issued Second Assessment
Report.” He then proceeded to quote the SAR at length, proclaiming that “the science is
convincing; concern about global warming is real.”

“A MAJOR DECEPTION ON GLOBAL WARMING”

On June 12, 1996, just days after formal release of the IPCC SAR and scant weeks before
the COP-2 meeting in Geneva, the Wall Street Journal (WSJ) published an op-ed piece
. entitled “A Major Deception on Global Warming.”The article was written by Frederick
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Seitz, President Emeritus of Rockefeller University. Seitz is not a climate scientist but a
physicist. Nevertheless, his scientific credentials are formidable. He is a recipient of the
National Medal of Science and a past President of both the National Academy of
Sciences and the American Physical Society.

In his article, Seitz accused some IPCC scientists of the most “disturbing corruption of
the peer-review process” he had ever witnessed.’

Seitz’s Accusations

Seitz’s proclaimed distress stemmed from the fact that the lead authors of the SAR’s
Chapter 8 — on detection and attribution — had altered some of its text afier the
November, 1995 plenary meeting of Working Group I (WGI), in Madrid, at which time
the chapter was formally “accepted” by the Working Group. According to Seitz, since the
scientists and national governments who accepted Chapter 8 were never given the chance
to review the truly final version, these changes amounted to deliberate fraud and
“corruption of the peer-review process.” Not only did this violate normal peer review
procedure, Seitz charged; it also violated the IPCC’s own procedural rules.

Quoting several sentences deleted from the final version of the chapter, Seitz argued that
the changes and deletions “remove[d] hints of the skepticism with which many scientists
regard claims that human activities are having a major impact on climate in general and
on global warming in particular.” Without directly attributing motives, Seitz implied that
the changes had been made in the interests of promoting a particular political agenda.
Seitz said that Benjamin D. Santer, lead author of Chapter 8, would have to shoulder the
responsibility for the “unauthorized” changes. Seitz was not present at the IPCC
meetings. He did not contact Santer or anyone else at the IPCC to verify that the changes
were indeed “unauthorized” before publishing his op-ed piece.

Responses from Santer and the IPCC

Santer responded immediately, in a letter co-signed by some 40 other IPCC officials and
scientists (myself among them - SHS). They said that Seitz had misinterpreted the IPCC
rules of procedure. Rather than being “unauthorized,” they wrote, the post-Madrid
changes were in fact required by IPCC rules, under which authors must respond to
comments submitted during peer review or arising from discussions at the meetings.’

Commentators at the Madrid meeting had advised making changes to Chapter 8 for two
reasons. First, they urged clarification of the meaning and scientific content of some
passages in accordance with the recommendations of reviewers (including some
criticisms introduced at the Madrid meeting itself). Second, they thought the structure of
the chapter should be brought into conformity with that of other SAR chapters. In
particular, a “Concluding Summary” was removed from the final version, since no other
chapter contained a similar section. (Chapter 8, like all the rest, already had an “Executive
Summary.”) Sir John Houghton, in his capacity as co-chairman of WGI, specifically
authorized the changes.

Santer, in consultation with other Chapter 8 authors, made the suggested changes in early
December. The entire SAR, including the newly revised Chapter 8, was “accepted” by the
full IPCC Plenary at Rome later than month.

Santer made the changes himself, and the final version of the chapter was not reviewed
again by others. However, as he and his colleagues continually stressed, this procedure
was the normal and agreed IPCC process. Santer et al. pointed out that no one within the
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IPCC objected (or had ever objected) to this way of handling things. Replying separately
in support of Santer and his colleagues, IPCC Chairman Bert Bolin and WGI Co-
Chairmen John Houghton and L. Gylvan Meira Filho quoted the official U.S. government
review of Chapter 8, which stated explicitly that “it is essential that... the chapter authors

be prevai7led upon to modify their text in an appropriate manner following discussion in
Madrid.”

Further Exchanges

The WSJ op-ed was not the first time charges of suppression of scientific uncertainty in
Chapter 8 had been aired. On May 22, a few days before the Seitz op-ed appeared, the
small journal Energy Daily reported the same allegations in considerably greater detail.®
The Energy Daily article also reported their source: a widely circulated press release of
the Global Climate Coalition (GCC, an energy industry lobby group).

In its June 13 issue, the prestigious science magazine Nature also reported on the GCC
allegations.” The Nature report, unlike the Seitz and Energy Daily articles, included
explanations of the revision and review process from Santer and the IPCC. Under the hot-
button headline “Climate report ‘subject to scientific cleansing,”” an accompanying
editorial argued that the GCC analysis was politically motivated and generally false. But
the editorial also noted that the Chapter 8 changes may have resulted “in a subtle shift...
that... tended to favour arguments that aligned with [the SAR’s] broad conclusions.”"

The WSJ op-ed set off a lengthy chain of exchanges lasting several months. The main
participants in the public controversy were Seitz, Santer, other Chapter 8 authors, the
Chairmen of the IPCC (Sir John Houghton and Bert Bolin), and climate-change skeptics
S. Fred Singer and Hugh Ellsaesser. Singer, in particular, made the charges of political
motivation explicit. In a letter to the Wall Street Journal, he wrote that Chapter 8 had
been “tampered with for political purposes.” The IPCC, he claimed, was engaged in a
“crusade to provide a scientific cover for political action.”"

Semi-privately, in electronic mail exchanges involving many additional participants (and
widely copied to others), the debate became intense and sometimes quite bitter. Santer,
who felt forced to defend himself, spent the majority of his summer time responding to
the charges. Previously a quiet, private man known to scientists primarily as a proponent
of the rigorous use of statistical methods, Santer rapidly became a public figure,
submitting to dozens of interviews. The drain on his time and energy during this period
kept him from his scientific work, he said."

Both the public and the private exchanges themselves became objects of further press
reports, widely disseminated by the news wire services. As they went on, the debate
spread from the initial issues about peer review and IPCC procedure to include questions
about the validity of Chapter 8’s scientific conclusions. Even before the report was
formally published, climate-change contrarians had claimed that Chapter 8 dismissed or
ignored important scientific results that disconfirmed the global warming hypothesis.
They argued that the allegedly illegitimate changes to Chapter 8 made this problem even
more acute."

DID THE CHAPTER 8 AUTHORS VIOLATE IPCC RULES?

Seitz, the GCC, and others accused the authors of Chapter 8 of fraud on two counts. First,
they alleged that the changes made to Chapter 8 after the final IPCC plenary violated the
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IPCC’s own rules of procedure. Second, and more seriously, they charged them with
violating the fundamental standards of scientific peer review. In this section, we argue
that IPCC rules were not violated in the case of Chapter 8. In addition, weargue that in
practice the process correctly reflects the essential tenets of peer review. However, we
also show that the IPCC rules do not specify adequate closure mechanisms for the report
drafting process. We demonstrate that the two-level certification process (“acceptance”
and “approval” of [PCC documents) is poorly specified as well, and can even invite
misinterpretation by determined critics.

In their responses to the Seitz/GCC charges, the Chapter 8 authors claimed that IPCC
rules required them to make the changes advised immediately before and during the
Madrid WGI Plenary. Analysis of the IPCC rules suggests that the real situation is more
ambiguous. Yet they had three very good reasons for believing this to be the case.

First, the rules require authors to respond to commentary, to the best of their ability and
as fully as possible." Working Group co-chairs have broad discretion to define this
process and set time limits for it. Nowhere do IPCC rules explicitly address the question
of when a report chapter becomes final (i.e., when all changes must cease). Therefore,
Santer et al. correctly understood that the Working Group Chairs and the Plenary meeting
itself would define the endpoint of the revision process.

Second, report chapters are “accepted” rather than “approved.” Acceptance constitutes
IPCC certification that the drafting and review process has been successfully completed.
It is an expression of trust in the authors and the process, and is explicitly distinguished
from “approval,” or detailed review on a line-by-line basis. Operating under these
definitions, the [IPCC Plenary “approved” the WGI Summary for Policymakers (SPM),
but “accepted” Chapter 8. In other words, Plenary acceptance did not imply word-for-
word review of the chapter. Instead, it indicated trust that the authors had responded
appropriately and sufficiently to the review process. Therefore, the Chapter 8 authors
believed that the rules permitted them to make changes when explicitly requested to do so
by the IPCC Plenary, or in response to peer comments received at or immediately prior to
the Plenary.

Third, no IPCC member nation has ever seconded the Seitz/GCC objections."” (Ninety-
six countries were represented at the Madrid plenary.) From this, above all, we can safely
infer that Santer et al. proceeded exactly as expected.

Santer et al. believed that they were following IPCC rules, and this made perfect sense
within the well-established informal culture of the IPCC. However, a careful reading of
the IPCC’s formal rules reveals that in fact the rules neither allow nor prohibit changes to
a report after its formal acceptance. The legalistic Seitz/GCC reading of the rules is not,
therefore, completely implausible — even if it was, as we believe, primarily a
smokescreen to divert attention from the clear consensus that attribution could no longer
be considered unlikely.

Our analysis suggests a significant flaw in the rules as currently written. While
“approved” documents (the SPMs) clearly must not be altered once approved, there is no
precisely defined closure mechanism for “accepted” documents (full-length Working
Group reports and their constituent chapters).'® The Seitz/GCC attack has effectively
demonstrated that a hybrid science/policy organization like the IPCC needs better, more
explicit rules of procedure. This minor virtue aside, however, the Seitz/GCC reading
violates the spirit and intent of the IPCC process.
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The IPCC is run by scientists. Its participants think of it primarily as a scientific body. By
the standards of many political organizations, its formal rules are not very extensive.
They are also not very specific. They purposely leave undefined the meaning of key terms
such as “expert” and important processes such as “taking into account” comments. Under
the rules, Lead Authors carry full responsibility for report chapters, and the IPCC
leadership retains very broad discretion, subject to Plenary “acceptance” and “approval”
by national governments.

There are good reasons for this arrangement. Formal procedures are relatively
unimportant in scientific culture. This is true because scientists belong to very small
social groups endowed with extremely strong and deeply entrenched (informal) norms. In
addition, since scientific methods and results are constantly changing, too much focus on
formal rules would inhibit progress. Likewise, formal rules are not very important in the
day-to-day functioning of the IPCC. Instead, informal rules based on the everyday
practices of scientific communities guide the bulk of the work.

Maintaining this informality is quite important for effective scientific work. Yet it is not
without dangers, especially in a situation where almost any scientific finding can have
political implications. Just as in any other politicized realm, without clear procedures to
ensure openness and full rights of participation, dissenters may find — or believe they
have found — their voices ignored. One of the IPCC’s most important features is its
openness and inclusivity; balancing this against scientific informality will require
constant vigilance, and perhaps a reconsideration of the formal review process.

From the point of view of political legitimacy, then, acceptance of reports before final
revision is clearly a risky proposition. But from the viewpoint of scientific legitimacy,
ongoing revision is a normal feature of the research cycle. Even after a multi-stage review
process, minor flaws can be found and improvements added. This is not unlike the
common situation in which an author makes minor changes to the galley proofs of a
manuscript — changes not subject to peer review. Thus, in the case of the IPCC, adding a
final approval stage to the already long and cumbersome review process would be
unlikely to add significantly to the scientific credibility of the final result. While it needs
to revise its rules to better protect itself from accusations of political capture, the IPCC
must also, at all costs, avoid becoming a science-stifling, inflexible bureaucracy.

DID THE CHAPTER 8 REVISIONS “CORRUPT” THE PEER REVIEW PROCESS?

One of the most important informal, everyday practices of science is peer review. Seitz
and the GCC accused the IPCC of violating this standard, too. Were they right?

In a typical peer review procedure, scientists write articles and submit them to a scientific
journal. The journal editor sends the article to several referees, all of them experts in the
authors’ field (“peers™). Most peer review is “blind,” meaning that referees do not know
the authors’ identity. (Not all journals conform to this standard.) In most cases, the
referees’ identity is kept secret from the author. However, some journal editors, like
myself (SHS), encourage referees to reveal themselves. Since many scientific
communities are quite small, referees and authors can often guess each other’s identity.

Referees may recommend acceptance, rejection, or acceptance after certain specified
changes are made (“revise and resubmit”). The last of these responses is by far the most
common. The authors then rewrite their article in response to the reviewers, and the editor
serves as referee. The process usually goes back and forth several times, with several
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rounds of revision, until a suitable compromise is achieved among reviewers, authors and
the editor. A similar process is normally applied to grant proposals.'’

To decide whether Chapter 8 “corrupted” this process, let’s look at how it worked in
IPCC Working Group I (WGI). In July of 1995, the third installment of the WGI drafting
and review process for the SAR took place in Asheville, North Carolina. This meeting,
like all other IPCC processes, was characterized by exceptional openness to critique,
review, and revision. About six dozen climate scientists from dozens of countries took
part. The meeting was designed to make explicit the points of agreement and difference
among the scientists over exceedingly controversial and difficult issues, including
Chapter 8 — the most controversial.

New lines of evidence had been brought to bear by three climate modeling groups around
the world, each suggesting a much stronger possibility that a climate change signal has
been observed and that its pattern (or fingerprint) is matched to anthropogenic changes.
Ben Santer, as the Convening Lead Author of Chapter 8, had assembled the results of a
number of modeling groups. He presented the results of his group’s effort not just to
Chapter 8’s Lead Authors and contributors, as is typical in IPCC meetings, but to the
entire scientific group assembled at Asheville.

In this setting, Santer had to explain this work not only to his most knowledgeable peers,
but also to scores of others from diverse scientific communities. These included
stratospheric ozone experts like Susan Solomon and Dan Albritton, satellite
meteorologists like John Christy, and biosphere dynamics experts such as Jerry Melillo.
Climatologists such as Tom Karl and I (SHS) were also present, along with the heads of
national weather services and other officials from several countries who served on the
[PCC’s assessment team.

Not everybody was equally knowledgeable on the technical details of the debate, of
course. Perhaps only 25 percent of those assembled had truly in-depth knowledge of the
full range of details being discussed. However, all understood the basic scientific issues
and most know how to recognize slipshod work -- to say nothing of a fraud or a
“scientific cleansing” -- when they see it. Even the less familiar participants thus served
an essential role: they acted as technically-skilled witnesses to the process of honest, open
debate.

This remarkable session lasted for hours. (In fact, it was continued after dinner by
roughly a dozen scientists, who spent nearly three hours discussing the final paragraph of
the “Detection Section” of the Summary for Policymakers.)'® Though occasionally
intense, it was always cordial, never polemical. As a result, the wording of Chapter 8 was
changed. Ideas and concepts were somewhat altered, but basic conclusions by and large
remained unchanged — because the vast bulk of those assembled were convinced that the
carefully hedged statements the lead authors proposed were, in fact, an accurate reflection
of the state of the science based upon all available knowledge, including the new results.

This was peer review at ten times the normal level of scrutiny! It would be practically
inconceivable for the editor of a peer-reviewed journal to duplicate this process. A few
referees and an editor can only hope to execute the reviewing role a fraction as well as the
remarkable, open process at Asheville. Moreover, after the Asheville meeting, two more
IPCC drafts were written and reviewed by hundreds of additional scientists from all over
the globe.

An Open Process of Scientific Debate: Witnessing in Action
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At Madrid, Santer presented Chapter 8’s conclusions to the national delegates of 96 IPCC
member nations. The conclusions were not presented alone, but followed a presentation
to the plenary session of the scientific evidence contained in Chapter 8. Nevertheless,
several countries objected to the Chapter 8 conclusions. Most of the objections came from
OPEC or less-developed nations. One delegate, from Kenya, moved to have the chapter
entirely dropped from the final report.

In response, the meeting’s chair — following procedures often used at IPCC Plenary
meetings to resolve disputes — called for a drafting group to revise the chapter as well as
and the detection and attribution section of the Summary for Policymakers. Nations
complaining about the Chapter 8 draft were invited, indeed expected, to meet with Lead
Authors, first to discuss the scientists’ point of view and then to fashion new, mutually
acceptable language.

This breakout group worked for the better part of a day. Delegates from over half a dozen
countries — including the Kenyan who had publicly advocated dropping the chapter —
met with about half a dozen Chapter 8 authors, including Santer, co-Lead Author Tom
Wigley, and scientists Kevin Trenberth, Michael MacCracken, John Mitchell, and me
(SHS). The Kenyan sat next to me. Initially, he was confused by the discussion and
somewhat hostile. We had many side conversations about what was being discussed:
models, data, statistical tests and various climate forcing scenarios. Although he was not
a front-rank climate researcher, this delegate was a trained scientist. He began to grasp
the nature of the Lead Authors’ arguments, listening carefully to about half of the
breakout meeting.

Ironically, the Saudi Arabian delegation sent no representative to this most controversial
drafting group, even though Saudi Arabia had led the opposition in the plenary meeting.
During the Chapter 8 debate, Saudi delegates often issued objections soon after receiving
notes from the Global Climate Coalition representative. (Non-governmental organizations
were also represented at Madrid. For example, S. Fred Singer — President of the Science
& Environmental Policy Project and a self-proclaimed contrarian — raised a number of
issues from the floor.)

Later in the plenary meeting, when Santer presented the drafting group’s revised text, the
Saudi delegates once again objected. Santer forcefully challenged them. Why, he asked,
had no Saudi attended the breakout group — if their objections had some basis in
science? The head Saudi delegate haughtily announced that he didn’t have to account for
his decisions about which drafting group to attend. Besides, he said, his was “only a small
delegation” of a few people.

At this point the Kenyan delegate rose to speak. (I held my breath.) “I’m a member of a
small delegation too,” he said. (He was the only Kenyan representative.) “But somehow I
managed to attend this most important drafting session. As a result, I am convinced that
Chapter 8 is now well written and I have no objections to its inclusion in the report.” (I
paraphrase his words from memory.) The impact of his intervention was stunning,
stopping with a few words what appeared to be a mounting movement of OPEC and LDC
opposition to Chapter 8 before it could garner any further support.

Later on I privately congratulated the Kenyan for having the courage to object publicly,
observe privately, and then re-evaluate his position before the entire plenary. He said he
wasn’t sure his country would approve of his stance, but having witnessed the debate
process for several hours, he had become convinced it was honest and open. That was all
he needed to change his opinion from preconceived skepticism to support of the Lead
Authors’ conclusions.
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What this courageous delegate did was the essence of good science. He allowed his initial
hypothesis to be subjected to new evidence, tested it, and found it wanting. He then
listened to arguments for a different point of view, subjected them to the tests of evidence
and debate, and reached a new conclusion.

Contrast this open IPCC process with that of the critics led by Seitz and the Global
Climate Coalition. The latter first presented their technical counter-arguments in such
“refereed scientific literature” as the editorial pages of the Wall Street Journal. Some
even had the temerity to allesge (falsely) that Chapter 8’s conclusions were based upon
non-peer-reviewed articles."” The Seitz/GCC group charged that the minor changes made
to Chapter 8 during the post-Madrid revision process had somehow dramatically altered
the report. Without a shred of evidence, Singer and others asserted that the changes were
politically motivated “scientific cleansing.”

These irresponsible claims were not reviewed by a single independent, expert peer before
being published — in the opinion pages of a business daily and a few news magazines.
We leave it to readers to decide which are more credible: the reports of the IPCC,
submitted to many rounds of extremely public, intensive peer review, or the op-ed pieces
and pamphlets of Seitz, Singer, and the GCC.

WHAT ABOUT THE SCIENCE?

In a nutshell, the new evidence reported to IPCC and later published in Nature was based
not upon new empirical or theoretical results, but on new ways of asking climate models
the right questions.” In the past, critics such as the University of Virginia’s Pat Michaels
had correctly argued that direct observational evidence of global warming effects (i.e.
“signals™) in the climate record were not very well matched to CO2-only model results.
For example, CO2-only models suggested that the Earth should have warmed up 1°C
rather than the one-half degree C observed in the last century. Additionally, CO2-only
models suggested that the Northern Hemisphere would warm up more than the Southern
Hemisphere. Such models also, however, suggested the stratosphere would cool as
greenhouse gases increased. This clearly was happening (although at least part of that
cooling can be attributed to stratospheric ozone depletion).?'

The Earth’s warming of a half degree C during the 20th century could be explained
simply by asserting the trend to be a natural fluctuation in the climate. The IPCC
scientists attempted to estimate the likelihood that natural events were responsible for the
observed surface warming. They concluded that this was possible, but improbable.
Critics, meanwhile, simply asserted that the warming was natural, without characterizing
the probability that this was the correct explanation. Even if it did go unchallenged in a
number of op-ed articles, this is a scientifically meaningless claim.

What is the probability that a half-degree warming trend in this century is a natural
accident? This cannot be answered by looking at the thermometer record alone, since a
globally averaged record is not reliable for much more than a century, if that. It is like
trying to determine the probability of “heads” in a coin flip by flipping it once. Instead,
climate scientists look at proxy records of climate change over long periods of time, such
as fluctuating time series of tree ring widths, the deposits left from the comings and
goings of glaciers, and the fluctuations of various chemical constituents in ice cores.
These records, while not direct measurements of global temperatures, are nonetheless
proportional to components of the climate in different parts of the world, and provide a
rich record of natural variability.
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This record (as summarized in Chapter 3 of the SAR) suggests that the warming of the
last century is not unprecedented.”” But it also is not common. Perhaps once in a
millennium, such proxy records suggest, a half-degree C global century-long trend could
occur naturally In my judgment (SHS), this circumstantial evidence implies that a
global surface warming of half a degree has about an 80 to 90 percent likelihood of not
being caused by the natural variability of the system.

Natural climatic forcing factors, such as energy output changes on the sun or peculiar
patterns of volcanic eruptions, could cause the observed climate trend. However, each of
these climate forcings has a peculiar signature or fingerprint. For example, energy
increases from the sun would warm the surface, the lower atmosphere, and the
stratosphere all at the same time. On the other hand, greenhouse gas forcing would cool
the stratosphere while warming the troposphere. Aerosols from human activities,
particularly the sulfates generated in coal- and oil-burning regions of the US Northeast,
Europe, and China, would cool the troposphere mostly during the day and not at night,
and would largely cool the Northern Hemisphere, especially in the summertime when the
sun is stronger.

This aerosol effect has turned out to be very important. Indeed, adding sulfate aerosols to
greenhouse gas increases in the models led to a dramatic boost in the confidence that
could be attached to the circumstantial evidence associated with climatic fingerprints.
That is, when the models were driven by both greenhouse gases globally, and sulfate
aerosols regionally, no longer did the Northern Hemisphere warm up more than the
Southern Hemisphere, or all parts of the high latitudes substantially more than the low
latitudes. Instead, a different fingerprint pattern emerged. Moreover, this pattern in the
models showed an increasing correlation with observations over time — precisely what
one would expect in a noisy system in which the human forcing increases with time. By
itself, the pattern still has roughly a 10 percent chance of being a random event. However,
when taken together with good physical theory and knowledge of ice age-interglacial
cycles, seasonal cycles, volcanic eruptions, and now more consistent fingerprints, the vast
bulk of the scientific community felt it was not irresponsible to assert that there was a
higher likelihood that human climate signals had been detected. This is the basis for
Chapter 8’s now-famous claim that “the balance of evidence suggests a discernible
human influence on climate.”

At this point in the evolution of knowledge about the Earth’s climate system, this is no
longer a radical statement. It reflects a lowest-common-denominator consensus view of
the vast majority of scientists. It does not say that a climate warming signal has been
detected beyond any doubt. Neither we nor any other responsible scientists would make
such a claim. But it does offer good reason to begin to plan, responsibly, for the
possibility — which we now see as more likely than not — that the global climate will
warm by at least one or two degrees during the next 50 years.

HOW SHOULD WE RESPOND TO CLIMATE-CHANGE CONTRARIANS?

To ignore contrarian critics would be inappropriate. Occasionally, non-conventional
outlier opinions revolutionize scientific dogma (Galileo and Einstein being the most oft-
cited examples). However, we believe that news stories are grossly misleading and
irresponsible if they present the unrefereed opinions of contrarians as if they were
comparable in credibility to the hundred-scientists, thousand-reviewer documents
released by the IPCC. The general public cannot be relied upon to determine for
themselves how to weigh these conflicting opinions. And to publish character-
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assassinating charges of “scientific cleansing” without checking the facts is simply
unethical — at least in any system of ethics we respect.

The journalistic doctrine of “balance”, while perhaps appropriate in two-party political
systems where the “other side” must always get its equal coverage, is inappropriate if
applied literally to multifaceted scientific debates. In climate smence wide ranges of
probabilities are attached to a whole array of possible outcomes.? * Scientific controversy
simply can’t be trivialized into a false dichotomy between those who assert that human
effects are likely to produce a catastrophic, “end of the world” crisis, “balanced” against
those who assert that at worst nothing will happen and at best it will all be good for us.
“The end of the world” and “no impact at all” are the two lowest-probability cases.

This is not just a problem for journalists. It also affects scientists. In communication with
the public, we sometimes tend to focus our attention on controversies at the cutting edge
of the art, rather than present clear perspectives on what is well understood — separating
what is truly known from what is merely probable and both of these from what is highly
speculative This, combined with the propensity of the media to focus on “dueling
scientists” and extreme, outlier oplmons leads to a miscommunication of the actual
nature of the scientific consensus.’

This consensus is vital to the policy process. In essence, the policy question is to decide
how much of current resources should be invested as a hedge against potential negative
outcomes. This clearly is a value judgment. It is precisely the kind of judgment that the
public and the policy establishment should make, but it can only be made if the
decisionmakers — who are not, and are not going to become, experts — are aware of the
best range-of-probability and range-of-consequences estimates of the responsible
scientific community.

Faxes sent by special interests to every major journalist on the planet or every significant
elected and unelected official — what we like to call the “one fax, one vote” syndrome —
are not very good sources of truth. Vastly better is the work of groups such as the IPCC
and the National Research Council, which although slow, deliberative, sometimes
snobby, and occasionally dominated by strong personalities, are nonetheless the best
representation of the scientific community’s current general opinion.

This kind of scientific consensus is not the same thing as “truth.” Once in a while, the
contrarians are right. Indeed, we are certain that some aspects of the current vision of
climate change will turn out to be of minor impact, while others will prove to be more
serious than currently thought. That is why assessment needs to be a continuous process,
and why all policymaking requires “rolling reassessment.” The IPCC, or its progeny,
need to be reconvened every five years or so. Only with this input can the political
process legitimately decide, and re-decide, to crank up its efforts at mitigation — or to
crank them back down, depending upon what is learned in each new assessment about the
climate system, the impact of climate change on environment and society, and the
distribution of mitigation costs. This ongoing and open process of refinement of
knowledge is the only way that a complex system can become adaptive. Only an adaptive
system can minimize the likelihood of making major mistakes, either by overinvesting in
environmental protection or by allowing nasty experiments to be performed on
Laboratory Earth without any attempt to anticipate or slow down the potential negative,
irreversible consequences.’
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STEPHEN H SCHNEIDER

CIENTISTS TOO OFTEN SHARE RESPONSIBILITY with the media for
not clearly communicating complex science issues to the
public. Most members of the general public, as well as many
\ officials in government, do not recognize that most scientists
spend the bulk of their time arguing about what they do not
know. Most scientists consider discussions of well-accepted,
proven ideas as “old hat” and not worth our time. That attitude is not
without merit, however, for the scientific method operates on the basis of
constant questioning, particularly for issues that are not yet well-validated.
But if the public and its representatives do not understand our process and
its focus on not-yet-resolved issues, they will not easily interpret what has
been called the “dueling scientists” debate over global warming, regardless
'of whether the scientists are ideologically driven. We simply have to spend
more time making clear the distinctions among what is well-known and
accepted by most knowledgeable scientists, what is known with some
degree of reliability, and what is highly speculative.

The public debate on global warming rarely separates those compo-
nents, thereby leaving the false impression that somehow the scientific
community is in overall intellectual disarray. In fact, the 15-year-old often-
reaffirmed U S National Academy of Sciences consensus estimate of 1.5 to
4.5°C global average warming if CO, were to double still reflects the best
estimate from a wide range of current climate models® and ancient climat-
ic eras.” The Earth has not been >1 to 2°C warmer than now during the
10 000-year era of human civilization. The previous ice age, in which
mile-high ice sheets stretched from New York to Chicago to the Arctic,
was “only” 5°C colder than the current 10 000-year-old interglacial epoch
we now enjoy. This 1.5 to 4.5°C warming range still includes those studies
that recently halved the best guess on warming from >4°C to 2.5°C.
Perhaps some new discovery next week will push it back up again, but
even if not, that enduring 1.5 to 4.5°C warming consensus still remains.

Changes of this magnitude could dramatically alter accustomed climat-
ic patterns, affecting agriculture, water supplies, disease patterns, ecosys-
tems, endangered species, severe storms, sea level, and coastal flooding.

Unless scientists communicate what they know along with what they do
not know, the public policy process is subverted in an endlessly confusing
debate that inadequately represents the actual nature of informed opinion.
It is difficult for the media to do what sometimes I wish they would: back
off their concept of “balance” in favor of the concept of “perspective.” If an
issue is complicated, it is not enough to give equal inches or minutes to “all
sides”—a practice that often leaves the public more confused than before,
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Debate in the media over global
warming often mixes what is well
known with what is speculative,
thereby leading to an artificially
confusing impression that scientists
share no consensus of the probable
magnitude, timing, and potential
seriousness of the environmental
and societal consequences of the
documented and well-understood
buildup of various greenhouse-
enhancing gases in the atmosphere.
Indeed, widespread concern exists
over the plausibility of temperature
increases of 1 to 5°C in the 21st
century, and that the mid to upper
part of that range could imply dra-
matic restructuring of ecosystems
or communities. I discuss the diffi-
culty in interpreting the 0.5 +0.2°C
20th century warming trend as
“proof” of greenhouse-gas—induced
global warming in light of possible
climatic-change causal factors such
as industrial aerosols, natural fluc-
tuations, or changes in solar out-
put. How to act is controversial,
and economic model results show-
ing potential abatement costs of
carbon taxes are discussed.
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Figure 1.

Qingdao, Shandong Province, People's
Republic of China, 1987. In 1898, China
ceded Qingdao to Germany for 99 years,
along with the right to build the Shandong
railway and to work the coal mines for 14
km on either side of the railway line.
DRUCE DALE

CFC = chlorofluorocarbons
CH, = methane

CO, = carbon dioxide

H,0 = water

N,O = nitrous oxide

SO, = sulfur dioxide
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particularly if the “sides” that are left out are the middle: the bulk of
experts, ie, the people who created the established consensus.

Moreover, that established consensus must be stated in terms of proba-
bilities, because very few scientists—myself included—would say they
believe the future climate will be in or out of the 1.5 to 4.5°C warming
range for certain. Rather, most believe this range to be reasonably proba-
ble. Therefore, if scientific opinion is to be communicated accurately, it
must be by converting issues into probabilistic terms and providing per-
spective on the range of views rather than by conducting an entertaining
but misleading debate among the most extreme of the dueling scientists—
or occasionally stretched beyond caricature in editorials or articles by
polemicists and ideologues. What counts, then, is the nature of the evi-
dence and the spectrum of opinions of a broadly representative group of
experts,©s8.13 not simply a few highly visible debaters with extreme views.

What Does Comprise
a Consensus on Global Warming?

Just to illustrate the point that much is already known, I offer the following

list of global-warming—related points accepted by a very large fraction of
the relevant expert communities. One good source for discussion on the
following points is the recent National Research Council’s study on global
warming and its implications.!3 (Following each of these statements is my
own estimate of the likelihood of the statement turning out to be true.)

» GREENHOUSE GasEs—H,0, CO;, CHy, N>O, CFC—trap infrared radiative ener-
gy in the lower atmosphere. » CERTAIN

» THE NATURAL GREENHOUSE EFFECT from clouds, water vapor, CO,, and CHy is
responsible for some 33°C of natural surface temperature warming. » CERTAIN

» HUMANS HAVE ALTERED the natural greenhouse effect by adding 25% more CO»,
100% more CHy, and a host of other greenhouse gases such as N;O and CFC
since the Industrial Revolution. » CERTAIN

» ADDED GREENHOUSE GASES from human activities should have added some
2 to 3 W of infrared radiative energy over every square meter of Earth.
This is well-established based on our considerable knowledge of the struc-
ture of the atmosphere and on extensive validation from satellites and
other measurements—even though the extra 2 to 3 W cannot be directly
measured yet. » VIRTUALLY CERTAIN

» EARTH HAS IN FITS AND STARTS, warmed up by ~0.5°C over the past century; the
1980s is the warmest decade on record and 1990, 1991, and 1988 (in order)
the warmest years on record. (The warmth of individual years varies with
instrument method used—eg, these records are from the surface network of
thermometers, not radiosound or satellite instruments.) » VERY LIKELY

» ALTHOUGH NO HIGHLY SIGNIFICANT (ie, at the often-cited 99% statistical confi-
dence limit) cause-and-effect statements between the observed warming and
the buildup of human-induced greenhouse gases can be credibly asserted for at
least another decade or 2, the likelihood that the 0.5°C 20th century warming
trend is wholly a natural phenomenon is small (ie, I would estimate perhaps a
10 to 20% chance). » LIKELY

» MOST CLIMATIC MODELS PROJECT A WARMING of several degrees or so in the

next 50 years given standard (“business as usual”) greenhouse-gas emission

scenarios, and they portend a potential long-term (ie, Ab 2100 to 2200)
warming commitment as high as 5 to 10°C (eg, IPCC8). » GOOD CHANCE, AT
LEAST AN EVEN BET
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» Natural, sustained, globally averaged rates of surface air-temperature change
. (eg, from the breakup of the last ice age 15 000 years ago to the full establish-
‘ &/ ment of our current interglacial age some 5000 to 8000 years ago) are typically
: ~1°C/1000 years. On the other hand, even the minimum projected human-

induced rates of climate change are on the order of 1°C/100 years up to a

soleaally catachephie ke o STCIL00 yaava_tho atton bt com 100 time

faster than typical sustained globally-averaged rates of climate change to which

i human civilization evolved, and the current distribution of species and ecosys-
' tems emerged. » VERY LIKELY
» MOST FOREST SPECIES “MIGRATE” at rates of at most 1 km/y, and would not be

able to “keep up” with temperature changes at a rate of several degrees centi-

grade per century without human intervention to transplant them (ie, ecologi-
, cal engineering).* » VERY LIKELY
: » DIFFERENT SPECIES (eg, specilic kinds of trees, insects, birds, or mammals) '
would all respond differently to projected climatic changes. For example, birds
can migrate rapidly but the vegetation some birds need for survival habitat
would respond only very slowly (over centuries). This implies a possible tear- Figure 2.
ing apart of the structures of communities of plants, insects, and animals (eg, Although air-pollution levels have recent-
T L Root20) at rates that exceed clear historic or geologic metaphors (eg, R W 3’ ;"'Pt’o"e;" ;"‘: gi:’“' ":_‘;;’;5_ ""'e Wl"’";’ by
: . 10se (roubie e stiti-nign pottution
‘ > graham and E C Grimm®). > LIKeLY . 3 levels on HOIIS’IL{ Island, in 'Igokl;o, Japan.

URRENT ENGINEERING AND ECONOMIC PRACTICES in terms of building standards, DAVID ALLAN HARVEY

automobiles, power production, or manufacturing are very retarded relative to :

the energy efficiency of best available technologies or techniques. Many stud-

iesg13.15 show that from 10 to 40% reductions in current CO; emissions in

the United States could result in long-term costs at or below current rates of

expenditure for the equivalent energy services if current inefficient practices

and infrastructures were replaced by state-of-the-art, proven efficient practices
i _ and equipment. » VERY LIKELY

»
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Figure 3.

Three scenarios for global temperature
change to 2100 derived from combining
uncertainties in future trace greenhouse-
gas projections with those of modeling
the biotic and climatic response to those
projections. Sustained global temperature
changes beyond 2°C (3.6° F) would be
unprecedented during the era of human
civilization. The middle to upper range
represents climatic changes at a 10 to
100 times faster pace than long-term nat-
ural average rates of change.?
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The uncertainties in temperature projections over the next century range
over a factor of 10 (Figure 3). Including together, uncertainty from human
behavioral activities that create greenhouse-gas emissions, biological fac-
tors that influence the carbon cycle, and physical factors such as the “feed-
back effects” of clouds or ice, leads to the differences seen on Figure 3.9
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Terraced rice fields on the island of Bali
are common. Taking advantage of the
run-off from nearby mountains, these
fields produce as many as 3 crops a year
with centuries-old irrigation systems.
CHARLES O'REAR

Figure 5. (opposite page)

Chisso Company, Minamata, Japan,
1971.

JAMES L STANFIELD

176

What Is Known with Some Reliability?

A major criticism of global warming has been the imperfect match
between the erratic warming of the Earth and the relatively smooth
increase in greenhouse gases over the past 100 years. It has been alleged
that the temperature trends in the 20th century cannot be attributed to
greenhouse-gas buildup, because most of the warming in the 20th century
took place between 1915 and the 1940s, followed by a cooling at the very
time the global greenhouse gases began to build up rapidly. Then, from
the mid-1970s to 1992 there has been a dramatic warming, with the past
12 years of surface temperature containing over a half dozen of the
warmest years on record.

Unfortunately, we cannot rule out some possible role for other potential
climatic influences or “forcings” as they are called. Among these forcings
are: sunspot activity or atmospheric particles from volcanic eruptions,
industry, automobiles, and agriculture (Figures 1,2,4,5). It has long been
known that most of these particles, for example, tend to cool the planet,
counteracting any greenhouse effect, at least regionally.

Very recently, R J Charlson and colleagues! picked up on this old de-
batece22124 of the cooling potential of human emissions of SO, (largely
from burning sulfur-contaminated oil or coal) and added some quantita-
tive insights. They concluded that sulfuric acid aerosol particles (a form of
smog) could both directly and indirectly (by brightening clouds) reflect
enough sunlight away so as to nearly compensate for the extra human-
caused greenhouse-effect surface-layer heating from CO,, CHy, and CFC
over most of the Northern Hemisphere landmasses since the 1960s. Since
this reflection of sunlight is a daytime phenomenon but the addition of
greenhouse gases is a day and night effect, scientists (see, for example R A
Kerr!0) recently have begun to project that the SO, effect combined with
the anticipated global warming from greenhouse-gas emissions would, at
least over land in the Northern Hemisphere, result in a nighttime warming
trend. Recently, T R Karl and colleagues!! noted that over the United
States, the former Soviet Union, and China (precisely those places most
affected by SO, emissions), recent (ie, within the past 30 years) warming
trends were indeed largely at night. While 30 years is too little time to
allow any confident conclusions, these latest results add (not subtract as
some critics have contended) to the confidence that greenhouse-gas
buildup equivalent to a doubling of CO, would eventually warm the
Earth by some 1.5 to 4.5°C. This is all noted in the recent update of the
Intergovernmental Panel on Climate Change report.8

Finally, for 2 reasons we should take little comfort from the possibility
that sulfuric acid particles will “save us” from global warming. First, such
chemicals are principal ingredients of acid rain (Figures 19 & 20) and
health-threatening smog. Second, aerosols are, as many have noted for
decadescs23.24 a regional phenomenon, whereas “greenhouse” heat-trap-
ping effects are spread fairly uniformly over the globe. Thus, even if on a
hemispheric average sulfur aerosols were to exactly reject as much extra
solar heat to space as greenhouse gases trapped heat in the infrared wave-
lengths near the surface, this situation would not be a cancellation of cli-
matic effects, since the cooling would be in very patterned half-continent-
sized intense patches, whereas the heating would be relatively more even-
ly distributed around the hemisphere. The likely result would be a distor-
tion of normal heating patterns, such as the land-ocean thermal contrast.
Such distortions would likely lead to regional climatic anomalies (ie,
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Figure 6.

Drought affects this Colorado River site
at Lake Powell and Glen Canyon Dam,
near Page, Arizona.

KERBY SMITH

Table 1. The Sensitivity and
Adaptability of Human Activities
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NoTE: Sensilivity can be defined as the degree of change in the sub-

ject for cach "unit” of change in climate. The impact (sensitivity
timies climate change) will thus be positive or negative depending

on the direction of climatc change. Many things can change sensi-
tivity, including intcntional adaptations and natural and social sur-
prises, and so classifications might shilt over time. For the gradual

changes assumed in the National Academy of Sciences study, the
pancl believes these classifications are justificd for the United

States and similar nations.
Source: National Academy Sciences.!3
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unanticipated local or regional climatic events) even if the net hemispher-
ic temperature changes were small as a result of the hemispheric-scale
heating—cooling compensations. In short, we cannot “cure” global warm-
ing with SO, emissions and escape risk free.

An updated interim report of the Intergovernmental Panel on Climate
Change acknowledged these uncertainties, while concluding once again
that the 1.5 to 4.5°C warming range is quite likely to cover what the actual
long-term temperature response to CO, doubling will be over the next 50
years or so.

But most scientists still agree that without 10 to 20 more years of ther-
mometer, satellite, solar, atmospheric pollution, and volcanic observations
it is difficult to pin anything down to 99% certainty.

Fortunately, we are now measuring energy output of the sun, eruptions
of volcanoes, and pollution-generating activities, and can thus account
better for their individual effects. Finally, in short, we are watching some
of the other forcings. Thus, as greenhouse gases continue to build up in
the future, if greenhouse warming does not take place at roughly the pre-
dicted rate during the 1990s and into the next century, then it will be pos-
sible to argue on the basis of some direct evidence that the effect predicted
by current models is off base. Personally, I will be surprised if our current
global “best guesses” prove to be off by >50%.

Indeed, speculative theory is not the principal reason that advocates of
concern over the prospect of global warming—and I am unabashedly one
of them—take their time and stand before groups such as Congressional
committees and take their time with our concern. Rather, our concern is
based on the validation exercises for models that we have built of the pre-
sent and past climate, since these models can also be used to foreshadow
the future. In fact, many aspects of these models have already been vali-
dated to a considerable degree, although not to the full satisfaction of any
responsible scientist.

For example, we know from observations of nature that the last ice age,
which was ~5°C colder on a global average than the present era, had CO,
levels ~25% less than over thousands of years before the Industrial
Revolution. CHy, another very potent greenhouse gas, also was lower by
about half relative to preindustrial levels.

Ice in Antarctica contains gas bubbles that are records of the atmos-
pheric composition going back over 160 000 years. Cores drilled into the
ice sheets show us that the previous interglacial warm age, some 120 000
to 130 000 years ago, had temperatures and CO, and CH, levels compara-
ble to those in the present interglacial period.

The well-correlated change in these greenhouse gases and in planetary
temperature over geological epochs is an empirical way to estimate the
sensitivity of climate to greenhouse-gas concentration changes. Such stud-
ies find geological-scale temperature changes from greenhouse-gas varia-
tions roughly of the magnitude that one would expect based on projec-
tions from today’ generation of computer models.” However, we still can-
not assert that this greenhouse-gas—geological-temperature coincidence is
proof that our models are quantitatively correct, since other factors were
operating during the ice age-interglacial cycles. The best we can say is that
the evidence is strong but circumstantial.

One related point to the ice age~interglacial cycles may be useful here.
It typically takes tens of thousands of years to build up ice age glaciers,
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but only ~10 000 years to deglaciate; and each warm interglacial epoch
also lasts typically 10 000 years. Since our current interglacial is now
~10 000 years old, some have suggested that global warming is a good
thing because it will hold back the next ice age. What this view ignores is
that the time frame for natural interglacial to glacial transitions is tens of
thousands of years, whereas the potential for global warming is 2 to 10°C
warming in only a century or 2—a radical rate of climatic change relative
to most sustained, natural global climate changes in geological history.

What Is Highly Speculative?

Any prediction of what climatologists call the detailed time-evolving,
regional distribution of climatic anomalies is highly speculative. It is still
tough to be confident in projecting where and when it will be wetter and
drier—how many floods might occur in the spring in California, or for-
est fires in Wyoming or Siberia in August—although some plausible sce-
narios can be given (pp 180&181; Figures 18&21) . How much sea
level will change is also speculative, 22 with most estimates ranging
from O to 1-m rise by 2100.

ECOLOGICAL IMPACTS:
THE POTENTIALLY MOST SERIOUS CONSEQUENCE

Projecting the time required for regional climatic changes to evolve is still
speculative, and so too is any confident assessment of the agricultural,
hydrological, ecological, or health consequences of global warming.
However, we can construct a variety of plausible specific scenarios of cli-
matic changes over space and time and then ask: “So what?”es.16.25 Indeed,
such exercises have led to conflicting assessments of the agricultural con-
sequences (Table 1),13 but greater concern for the hydrological conse-
quenceses26 and very serious concern for the ecological implication of
most global warming scenarios (Figure 6).17

Figure 7 shows distribution of sugar maple trees (Figure 8) under 2 dif-
ferent estimates of climatic changes. The authors of this study noted that
their estimates of changes in the ranges of this species did not account for
the time it might take for the trees to migrate or the obstacles they might
encounter in migration (eg, farms, cities, freeways, acid precipitation, air
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Figure 7.

Present geographical range of sugar
maple (red leaves) and potentially suit- ‘
able range under doubled CO, (yellow !
leaves). A. predictions use climate sce- )
narios derived from the Goddard

Institute for Space Studies general circu-

lation model; B. predictions use climate

scenarios derived from the Geophysical

Fluid Dynamics Laboratory model.

Gridpoints are sites of climatic data out-

put for each model. 3

Figure 8.
Sugar maple trees, near Algonquin
Provincial Park, Ontario, Canada.

DAVID S BOYER
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Figure 9.

The distribution and abundance of the
winter range of the eastern phoebe. The
northern boundary of this bird in winter
lies very close to the —4°C isotherm of
January minimum temperature (heavy
solid line).

Figure 10.

An eastern phoebe (Sayornis phoebe)
perches on a branch in Everglades
National Park, Florida.

BATES LITTLEHALES
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-4°C January
minimum isotherm

pollutants). Indeed, as University of Minnesota ecologist Margaret Davis*
noted:

The fossil record shows that most forest trees were able to disperse rapidly enough
to keep up with most of the climatic changes that took place in recent millennia.
These changes were much more gradual than the climatic changes projected for the
future. Even so, there were occasional periods of disequilibrium between plant dis-
tributions or abundances, soils, and climate that lasted a century or more. The
most rapid dispersal rates known from the fossil record, however, are an order of
magnitude too slow to keep up with the temperature rise expected in the coming
century.

University of Michigan ecologist Terry Root, additionally, shows the dif-
ference for a species of bird (the eastern phoebe, Figure 10) whose winter
northern range limit has a close association with mean minimum January
temperature; but this winged animal could migrate very rapidly in
response to climatic changes (Figure 9). On the other hand, Root, who
studied the associations among >100 birds and environmental factors,
such as temperature or vegetation, discovered that many species of birds
associate with both temperature and vegetation (Figure 11).1819 She fur-
ther noted2? that birds that are physiologically constrained by low temper-
atures alone could migrate north when it warms, but those that are also
restricted by habitat (eg, vegetation patterns) may have to wait centuries
for their required vegetation to migrate before they could shift. In the
interim, then, what is likely to occur is a “tearing apart” of the structure of
ecological communities, alteration of predator—prey interactions and the
potential for “ecological chaos” during the few centuries it will take for
climate to warm from a few to 10°C and for the various individual species
to respond. Such disruption to “natural balances” would likely enhance
extinction, especially for the many species that have limited habitat ranges
and are strongly associated with climatic variables.cg.12

It is already a formidable scientific challenge to try to explain the range
limits and abundance of most species today, even though they have had
thousands of years of stable climate to adapt to. Therefore, to predict the
highly transient response of biological communities faced with sustained
global climatic changes at 10 to 100 times faster rates than natural average
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rates of climatic change over the past 15 000 years is speculative at best!
However, we do have some knowledge, as previously indicated, of what
factors can affect individual species and roughly how rapidly they.can
respond to various disturbances. Therefore, qualitative statements such as
“disruptions of ecosystems,” “tearing apart of communities of species,” or
even “ecological chaos” are plausible “forecasts” should global warming
materialize at typically projected rates of 1 to 5°C over the next 100 years.

Other aspects of the global warming issue that are highly speculative
are the overall social or economic consequences of typical warming sce-
narios or the costs of actions to mitigate CO,, CHy, N,O, or CFC emis-
sions or whether to use technological schemes to offset warming (ie, so-
called geoengineering).!3

Although climatic models are far from fully verified for future simula-
tions, the seasonal and paleoclimatic (dealing with remote ages) validation
exercises modelers perform are strong evidence that state-of-the-art climat-
ic models already have considerable forecasting skill. And, uncertainties are
as likely to render current “best guesses” underestimates as overestimates.

An awareness of just what simulation models are and what they can
and cannot do is probably the best we can ask of the public, journalists,
and political leaders. Then the tough policy problem is how to apply soci-
ety’s values in choosing to deal with the future given the wide range of
possible outcomes that climatic models project.

Is It Too Expensive to Act Now?

The final, and perhaps most important, criticism against those proposing

- action to slow global warming is that the immediate policy steps to

decrease CO, emissions are too expensive. For example, some newspaper
ads by greenhouse critics suggest that if CO, emissions are cut, the United
States will be bankrupt and the Third World impoverished.

There is substantial Third World opposition to the prospect that devel-
oping countries may not be able to have their own industrial revolutions

- as the developed countries did in the Victorian period when those then-

developing Western countries used unregulated amounts of cheap and
dirty coal to foster their industrial growth.

Some now-developing countries, notably India and China, have abun-
dant coal supplies (Figure 1). They would like to repeat Western history
and use them as low-cost routes to industrialization. Of course, these
countries in the 1990s have between them 2 billion people whereas the
entire world did not have 2 billion people in Victorian times. So the mag-
nitude of the global impact of now-developing countries’ use of coal—
should they use coal to produce even a quarter of the West’s current
industrial standard of living—would be greater than that of developing
Western nations in the past. Needless to say, such arguments are not greet-
ed sympathetically in China or India.

CAN CO, EMISSIONS BE CUT 20%?
It is sensible, I believe, to argue that now-developing countries need not
repeat the experience of Victorian industrialization with smog-choked

cities, acid rain, and inefficient power production, given that modern tech-
nology has many better solutions. For example, electrical power-genera-
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Figure 11.
Gaddy's Wild Goose Refuge, Ansonville,
North Carolina. !
FREDERICK KENT TRUSLOW

The media debate over
global warming frequently
polarizes scientists into the
"end of the world" or
"nothing bad will happen"
factions, even though the
scientific community at
large views these as the
least probable outcomes.
This false dichotomy is fol-
lowed by policy grid lock.
We need to self-consciously
distinguish what is well-
known and accepted, what
is a good bet, what is highly
speculative—and what is
scientific (ie, assessing
probabilities of various out-
comes) from what is a value
judgement (what to do given
the probabilities and conse-
quences scientists provide).
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Figure 12.

Phusriguda village, Orissa, India. Rice
field irrigation.

JAMES P BLAIR

Like most other decisions
at personal, corporate,
state, national, or interna-
tional levels we face value
choices that trade present
and future risks against
mitigation-policy costs.
The environmental sci-
ences are not entitled to a
higher standard of scientif-
ic certainty than any other
area of decision making
with a higher degree of
technical uncertainty.
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tion efficiency today is near 50%, whereas it was half that at the turn of
the century. Unfortunately, developing countries typically respond that
high-technology, efficient power production is initially more expensive
than the traditional options that are cheaper and more available to them.
This dilemma sets up the need for a bargain by which developed countries
with technology and capital help to provide those resources to developing
countries, which in turn develop their economies with the lowest pollut-
ing, most efficient technologies, even if they cost more initially.

There have been international efforts afoot to have each nation on
Earth commit itself to try to decrease its CO, emissions by, say, 20% by the
year 2000. This target reduction had been strongly opposed by the United
States, as well as some other countries. The Japanese were initially unhap-
py since they are already about twice as energy efficient as the United
States. They claimed it would cost them much more to cut their CO,
emissions by 20% than the United States, whose relative inefficiency gives
it more opportunity to cut cheaply. Nonetheless, the Japanese have recent-
ly endorsed specific CO,-emission limits in the context of the United
Nations Conference on Environment and Development.

Developing countries, being even less energy efficient than the United
States could, with modest investment, produce vastly less growth in CO,
(the principal greenhouse gas) pollution if efficient, modern technologies
were used rather than the older, cheaper, and readily available technolo-
gies, such as low-efficiency coal burning in China or India. The modern

technologies that could be tapped by industrializing nationals range from

fluid-bed coal burning, nuclear, hydro, geothermal, natural gas, wind, bio-
mass, solar, and possibly, in the very long term, fusion power. This cir-
cumstance sets up the possibility for creative international management
that might not only eliminate Third World opposition to global emissions
reductions but also get them to compete with each other to be the venue
for future emissions limitations funded by developed countries. A devel-
oped nation could buy itself out of its 20% cut requirement by funding
even larger CO; reductions in energy inefficient developing nations.

Critics of emissions reductions cite the supposed annual cost of 20%
CO, reduction at tens to hundreds of billions of dollars. But they often
neglect the benefits of emissions reductions: reduced magnitude of global
warming, reduced acid rain, reduced urban air pollution, reduced balance-
of-payments deficits, and lower long-term operating costs of manufac-
tured products, enhancing competitiveness. Such critics simply cite the
potential initial capital costs of CO, controls or carbon taxes, write news-
paper stories about how many billions each year or trillions over a century
it will cost, and scare people away from anti-pollution action.

Some studies have suggested that carbon taxes to promote switching to
less polluting energy systems could cost the United States alone “$800 bil-
lion, under optimistic scenarios of available fuel substitutes and increasing
energy efficiency, to $3.6 trillion under pessimistic scenarios... to [the
year] 2100.” This quote from the February 1990 “Economic Report of the
President” to Congress was based on the initial results of the first wave of
economic model simulations.

Because of the controversy associated with such models, the National
Academy of Sciences ran a debate among several economic forecasters and
their critics. The result was revealing. First, over 110 years (ie, 1990 to
2100) even a trillion dollars in accumulated CO, reduction costs, which
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sounds expensive, is <$10 billion each year—only a few percent of the
annual U S defense budget. Moreover, Robert Williams, an energy technol-
ogy specialist from Princeton University, pointed out that the so-called
optimistic scenario of $800 billion in costs to cut U S CO, emissions was
based on pessimistic assumptions about the rapidly decreasing costs of
renewable energy systems like solar, wind, or biomass power.

Furthermore, with the exception of a heroic effort by Yale University
economist William Nordhaus, the economists’ simulations usually do not
even attempt to estimate what direct environmental benefits the United
States (or the world) gets for its supposed trillion-dollar investment in
CO;-emission controls. It is unconscionable that some critics of global
warming action could cite these already very dubious economic models’
cost estimates without so much as a word on the potential benefits of
slowing CO, emissions. Nordhaus, on the other hand, by balancing costs
and benefits in his model runs, argued that cutting annual CO, emissions
by as little as 10% or as much as 47% would actually produce benefits
greater than the costs. However, his model, too, is admittedly crude, laden
with unprovable assumptions, and simply cannot by itself provide quanti-
tatively reliable information upon which to base policy choices.

Finally, cross-examination of several economists by National Academy
committee members disclosed that their economic models had not even
been tested to see how well they performed in predicting the economic
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Figure 13.

Leshan, Sichuan province, People's
Republic of China. Chinese women stand
on top of a mountain of coal as they
shovel it into an open-sided train car.
Job! cons
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Figure 14.

The carbon tax that would be neces-
sary to raise fossil fuel prices enough
in Nordhaus”model to achieve the
desired policy objective indicated by
the color chart to the right.

Figure 15.

The impact on Nordhaus’ economic
model of the different policies shown
on the figure. Note for perspective
that current global output is around
$20 trillion per year and in
Nordhaus? future world gross global
output grows to over $100 trillion per
year by 2105, with or without CO,
emissions taxes (see Figure 17).14
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consequences of historic events like the 1973 OPEC oil price increase. As
a participant at that debate, 1 was concerned that such validation tests
were yet to be performed, and dismayed that some global warming critics
were actually citing as an alleged rational basis for national policymaking
these highly preliminary economic model results for costs of emission
controls or taxes without weighing in benefits of such taxes.

Let us pursue the économic modeling issue a bit further. When only

2045

the supposed costs to the economy (typically measured as loss of gross.

national product [GNP] from a hypothetical carbon tax) are shown, seem-
ingly staggering figures emerge (Figure 14). For 1 economic model,!* the
costs run into the trillions by 2105 (Figure 15). The benefit of this “20%
cut” Nordhaus calculates (Figure 16) is a 30% reduction in global warm-
ing by 2105, only “worth” a percent or less of GNP by Nordhaus’ assump-
tions—since he assumes the primary negative economic consequence of
warming to be an agricultural and water supply loss of £1% of global GNP
(in the United States ~$40 billion per year). He puts no value on the
potential for catastrophic effects on ecosystems or the security implica-
tions of long-term, very large climatic changes (perhaps ~10°C in the 22nd
century as W R Cline noted in his recent economic analysis3). Effects such
as the tearing apart of communities of species or the impacts on the politi-
cal stability of South Asia were tropical cyclone intensities to increase are
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not explicitly considered. But to his credit, Nordhaus makes explicit in
Figure 17 (from his original unabridged manuscript!#) his underlying eco-
nomic growth assumptions that drive his conclusions. In fact, as Figure 17
shows, there is a >450% growth in per capita consumption from 1965 to
2105 in all his scenarios, and even the “draconian” 20% cut carbon tax
scenario still allows 450% growth over this period!

1 believe it is shortsighted to risk unabated, unprecedentedly rapid rates
of climate change with potentially serious risks to agricultural, hydrologi-
cal, and (especially) ecological systems of the Earth merely because it will
reduce our per capita growth in consumption from some 460% to “only”
470%! 1t would only take a decade or so more of such growth to achieve
“uncontrolled” economic well-being levels in the “20% cut” scenario that
so many label draconian. To show Figure 14 with trillions of dollars of
potential costs from carbon taxes without also looking at Figure 17 is to
have no balanced perspective on the economics and ethics of measures
that could mitigate CO, emissions. (And even this 20% cut scenario
implies major increases in CO, emissions associated with traditional
growth patterns.)

In any event, while it is possible to use analytic methods and simula-
tion models to investigate costs and benefits of different specific climate-
change or emission scenarios, these tools are even less well-validated for
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Figure 16.

The projected reduction in global sur-
face temperature increase for the CO,
emissions scenarios generated by
Nordhaus? model based on policy
alternatives given on Figure 14. 14

Figure 17.

Projection of real consumption per
capita (in thousands of 1989 U S $)
for the 3 policy cases on Figure 15.
Note that even the so-called draconian
20% CO, emissions cut scenario still
leads to some 450% growth in this
measure of economic well-being, call-
ing into question statements that sug-
gest greenhouse effect controls via
carbon taxes would be economically
catastrophic. 14 This figure from the
original complete Nordhaus manu-
script was omitted from the abridged
version published in Science.
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Figure 18.

San Cristobal, Dominican Republic.
Ruins and remains from a hurricane.
JAMES P BLAIR
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Table 2. Cost Effectiveness Ordering of Geoengineering Mitigation Options

POTENTIAL EMISSION

NET IMPLEMENTATION MITIGATION
MITIGATION OPTION Cost (t CO, EQUIVALENT PER YEAR)
LOW STRATOSPHERIC SOOT Low 8 - 25 BILLION
LOW STRATOSPHERIC DUST,

AIRCRAFT DELIVERY Low 8 - 80 BILLION
STRATOSPHERIC DUST
(GUNS OR BALLOON LIFT) Low 4 TRILLION OR AMOUNT DESIRED
CLOUD STIMULATED BY PRO-

VISION OF CLOUD

CONDENSATION NUCLE! Low 4 TRILLION OR AMOUNT DESIRED
STIMULATION OF OCEAN BIO-

MASS WITH IRON Low TO MODERATE 7 BILLION OR AMOUNT DESIRED
STRATOSPHERIC BUBBLES '

(MULTIPLE BALLOONS) Low TO MODERATE 4 TRILLION OR AMOUNT DESIRED
SPACE.MIRRORS Low 1O MODERATE 4 TRILLION OR AMOUNT DESIRED
ATMOSPHERIC CFC

REMOVAL UNKNOWN UNKNOWN

Note: The feasibility and possible side-clfects of these geoengincering options are poorly understood. Their possi-
ble eflects on the climate sysiem and its chemistry need considerably more study and rescarch. They should not be
implemented without careful assessment of their dircet and indirect consequences.

Cost-elfectiveness estimales are categorized as cither savings (for less than 0), low( 0 to $9/t CO, equivalent),
moderate ($10 to $99/t CO, cquivalent), or high (>$100/1 CO; cquivalent). Potential emission savings (which in
some cases include not only the annual emissions, but also changes in aimospheric siock) lor the geoenginecring
options are also shown. These options do not reduce the llow of emissions into the atmosphere but rather alter the
amount of warming resulling from those emissions. Mitigation options are placed in order of cost-cflectiveness.

The CO,-equivalent reductions are determined by calculating the equivalent reduction in radiactive forcing.
Sourck: National Academy of Sciences, Chapter 11.13

long-term studies than climatic models and also do not include many sig-
nificant factors the authors usually acknowledge. In my opinion, all physi-
cal, biological, or economic analytical methods are primarily useful to
help a decision maker to obtain a more complete knowledge of the poten-
tial benefits or risks of various alternative actions, so as to aid him or her
in formulating a heuristic judgment that incorporates what is quantifiable
with aspects that are not (eg, the “value” of a species facing extinction). It
is a gross misunderstanding of analytical methods, be they climatic, eco-
logical, or economic, to believe they provide the sole bases for arriving at
“the answer” on either the effects, consequences, or mitigation policy
aspects of global change.

Climatic “Insurance”

The global-warming debate then is both science and politics. But it is
essential for the public to understand that there are vastly greater disagree-
ments over what to do about the prospect of global warming (ie, a politi-
cal value issue) than over the probability (ie, a scientific debate) that
unprecedented climate change is being built into the 21st century climate.
Estimates of climatic effects range from mildly beneficial (ie, longer grow-
ing seasons) to highly catastrophic (ie, more super hurricanes or mass
extinctions). These uncertain impacts reflect the wide range of climate
futures forecast by most assessment groups, such as those in Figure 3.
Although accelerated research will undoubtedly bring more reliable
answers sooner, thereby helping to place decision making on a firmer fac-
tual basis; I do not believe it likely that any feasible level of research effort
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will pin down the detailed environmental or societal consequences of our

continuing greenhouse-gas emissions in less than a few decades—the time
it will take the climate system itself to answer the question.

Slowing down the buildup rate of the greenhouse gases that threaten
unprecedented global warming does not require economically catastrophic
measures, nor must it bankrupt industrial nations or doom the poor coun-
tries to increasing poverty. Rather, prudent investments in energy-efficient
equipment, houses, and power plants combined with sensible reforesta-
tion and population-control programs, can both reduce the buildup rate of
greenhouse gases and pay their own way. It is ludicrous simply to charge
that greenhouse-gas emission cuts are too costly, without weighing the
economic, environmental, and strategic benefits of such investments. No
individual or business ever got a return without first making an invest-
ment. That applies as well to societies and governments—the level at
which global-change problems occur and must be addressed.

Every insurance policy has a premium, of course. But these environ-
mental investments not only buy “insurance” against the possibility of
unprecedented, possibly dire, climatic change but also can pay large divi-
dends in the form of lowered energy costs, lower balance-of-trade pay-
ment deficits, less local air pollution, and lowered acid rain. Therefore,
such strategies make sense, even if global warming turns out to be as
insignificant as the critics assert. In any case, since mild climatic effects are
as probable as catastrophic ones, and since it will take many decades to
resolve major uncertainties, we can take the most cost-effective steps now,
and then press more or less to mitigate further as new national and inter-
national scientific assessments report the latest findings of the scientific
community every few years over the next several decades.

But if the warming turns out to be as bad as or worse than most current
“best guess™ projections, such climate insurance will have been very wise
indeed.<¢> An insurance policy that pays big dividends on the premium
even if the catastrophe never materializes, it seems to me, is the most
rational response to the coin-flipping probabilities of unprecedented cli-
- mate change and attendant ecological disarray that most knowledgeable
scientists agree we are facing as we enter the next millennium. None of the
noisy polemics of the past few years has changed that basic consensus.
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Figure 19.

Lafayette Square, Washington, DC. An
acid rain protest sponsored by the U S
Public Interest Research Group, Sierra
Club, Greenpeace, and the National
Clean Air Coalition. The man with the
megaphone is Daniel Becker of
"Environmental Action."

SARAH LEEN

Figure 20.

Statues in a Louisville, Kentucky ceme-
tery illustrate the effects of acid rain, cre-
ated by the reaction between atmospheric
moisture and fossil-fuel emissions. A black
crust forms on the Madonna because it is
sheltered, while the angel has no buildup
because of the scouring but nevertheless
corrosive action of the rain.

TED SPIEGEL
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Herders lead bony cattle to water across
cracked patches of mud in Rajasthan, India.
After the monsoons, this area will be a lake.
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IVEN NORMAL CLIMATE VARIABILITY, we may reasonably
expect that there will be future climates both warmer
and colder than the present regime. This, however, hard-
=g |y supports the current fear that increasing greenhouse
gases in the atmosphere will lead to catastrophic warm-
e ing. The Intergovernmental Panel on Climate Change

(IPCC) Scientific Assessment as well as the current update!.2 both recog-
nize that temperature changes over the past century (a net warming of
0.45°C + 0.15°C) are consistent with natural variability and smaller than
would be expected for models predicting >~1.3°C equilibrium warming
for a doubling of CO,—assuming all the change over the past century
were due to CO,. This, of course, seems unlikely since the bulk of the
warming occurred before 1940. Thus, the data neither suggest nor support
_ current warming scenarios. Neither do simple greenhouse considerations.
All other factors remaining constant, the equilibrium greenhouse warm-
ing, resulting from a doubling of CO,, is estimated to be between 0.5°C
and 1.2°C.11.16,1827

These values may seem small, but CO, is only 2 minor greenhouse gas.
If all CO, were removed from the atmosphere, water vapor and clouds
would still provide almost all of the present greenhouse effect. Predictions
of larger equilibrium warming depend crucially on positive feedbacks
from water vapor, cloud cover, and surface albedo (due to snow cover). Of
these model feedbacks, water vapor is by far the largest. As it turns out,
the physics of the water-vapor budget is largely absent in current models.
Indeed, in most (if not all) models the water-vapor feedback is readily
identifiable with a calculational error. Thus, there is no theoretical basis
for the catastrophic warming scenarios, as well. Indeed, there are reasons
to believe the feedbacks are negative, suggesting the equilibrium response
to CO, doubling may well be much smaller than the direct response.27:28

Finally, the term equilibrium should be explained. It refers to the
response achieved over an infinite time. In point of fact, the actual
response time (largely determined by heat transport into the ocean)
increases proportionally to the expected equilibrium response.® In fact, a
model predicting a 4.8°C equilibrium warming for a doubling of CO,
would only have reached 2/3 of this warming in ~160 years. It is interest-
ing, in this regard, to note that the models examined in the IPCC
Scientific Assessment produce warming by 2100 almost equal to the equi-
librium response of these models to a doubling of CO5; in these models,
however, effective CO, has quadrupled by 2100. Had it only doubled, the
predicted warming would have been much less.

LINDZEN : ABSENCE OF SCIENTIFIC BASIS

Current concerns over significant
global warming are based on sim-
ple, plausible physical arguments
that increasing CO, levels will lead
to some warming. Model predic-
tions of large warming depend on
projected large increases in atmo-
spheric CO,, and mechanisms with-
in the models which act to greatly
amplify the climate response to
increasing CO,. The projections
depend on questionable economic,
population, and energy scenarios;
they also depend on clearly inade-
quate chemical models which serve
to exaggerate the fraction of emit-
ted CO, remaining in the atmo-
sphere. The amplification mecha-
nisms (positive feedbacks) depend
on what is likely to be a severe mis-
representation of the relevant physi-
cal processes: moisturization of the
atmosphere and cloud formation.
Recent data suggest that these pro-
cesses may be acting in a manner
opposite to what current models
produce. Under the circumstances,
the possibility of large warming,
while not disproven, is also without
a meaningful scientific basis.
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250 years, as indicated by measurements
of air trapped in ice from Siple Station, 310
Antarctica (purple) and by direct atmo-

spheric measurements at Mauna Loa, 300 -
Hawaii (blue).!!
290 °
280 .
270

600 - S o

550

500 -

450 A= IPCC “business as usual”
B = frozen emissions after 1990
400: C=noemissions after 1990 . Lentis
. ~— high biosphere’ 7 s
350 low '_t?).ios_ph_.ere‘:_

\;-\:’;-:—n_'v“.--c |

300
1850 1900 1950 2000 2050 2100
YEAR

Figure 2.
Expected CO, in the atmosphere according
to various emissions scenarios.10

CO, = carbon dioxide
CFC = chlorofluorocarbons
CH, = methane

RiCHARD S LinpzeN, Alfred P Sloan
Professor of Meteorology, Department of
Earth Sciences, Massachusetts Institute of
Technology, Cambridge, MA 02136.
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Before even discussing “greenhouse theory,” it may be helpful to begin with
the issue that is almost always taken as a given: namely, that CO, will
inevitably increase to values double and even quadruple present values.
Before 1958, the record is based on the analysis of ice cores. After 1958, it
is based on direct atmospheric sampling. Clearly, CO, has been increasing
(Figure 1). Before 1800 the density was ~275 ppmv (parts per million by
volume). Today it is ~355 ppmv. The increase is generally believed to be
due to the combination of increased burning of fossil fuels (Figure 3) and
(mostly before 1905) to deforestation. The total source is estimated to have
been increasing exponentially with a characteristic time of 45 years—at
least until 1973. From 1973 until 1990 the rate of increase has been slower.
About half the production of CO, has appeared in the atmosphere.

Predicting what will happen to CO, over the next century is a rather
uncertain matter. By assuming a shift toward coal, advances in the 3rd
World’s standard of living, large population increases, and a reduction in
nuclear and other non-fossil fuels, one can generate an emissions scenario
that will lead to a doubling of CO, by 2030—if we use a particular model
for the chemical response to CO, emissions. This was referred to as the
“business-as-usual” scenario by the IPCC Working Group 1. As it turns
out, the chemical model used was inconsistent with the past century’s
record; it would have predicted that we would already have ~380 ppmv.
An improved model developed at the Max Planck Gesellschalt in
Hamburg shows that the so-called business-as-usual scenario does not
even double CO, by the year 2100.1° Their model shows that under other
scenarios, we may not even get much more CO, than is already in the
atmosphere (Figure 2). Personally speaking, it seems unlikely that the
indefinite future of energy belongs to coal. 1 also find it difficult to believe
that technology will not lead to improved nuclear reactors within 50
years. As the IPCC update notes, scenarios are not predictions. Given our
present “crystal ball” technology, predictions for 50 to 100 years are more
than anyone would rationally attempt.

Nevertheless, we have already seen a significant increase in CO, which

NATIONAL GEOGRAPHIC RESEARCH & EXPLORATION 9(2):191-200; 1993
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Mr. Chairman, I thank you for the opportunity to appear before
the subcommittee to discuss the critically important issue of the
negotiations aimed at signing a protocol during the third session
of the Conference of the Parties to the United Nations (UN)
Framework Convention on Climate Change, which is scheduled to be
held in December in Kyoto, Japan. I am concerned that the
protocol that results from these negotiations could have a
serious impact on American industry and on our economy, while at
the same time failing to address a looming threat to the global
environment.

Oon June 12, I introduced a Sense of the Senate Resolution,
together with Senataor Hagel and a bipartisan group of my
colleaques, which addresses the conditions for U.S. agreement to
revisions to the United Nations Framework Convention on Climate
Change. The resolution has been cosponsored by 60 Senators from
both sides of the aisle. This resolution states the Sense of the
Senate that the developing world must fully participate in the
treaty negotiations and commitments and play a meaningful role in
effectively addressing the problem of global climate change.

In essence, the resolution accepts the thesis, which is still the
subject of some dispute, that the increasing release of carbon
dioxide (CO2) and its accumulation in our atmosphere are causing
a very gradual heating of the globe, which has many adverse
consequences for us all. 1I believe the Administration should be
commended for its efforts on this issue, and I commend this
subcommittee for its attention to this matter. If substantial
steps are going to be taken to influence carbon dioxide and other
greenhouse gas emissions, we need to accelerate new technologies,
anticipate new developments, and encourage public/private sector
participation.

President Bush signed the United Nations Framework Convention on
Climate Change, the so-called Rio Pact, in 1992, which was
subsequently approved by the Senate, and calls on the
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industrialized nations to aim to reduce their greenhouse gas
(GHG) emissions to their 1990 levels by the year 2000, a goal
which will not be achieved by the U.S. nor by the vast majority
of the industrialized nations unless further steps are taken.

The parties to the Framework Convention met in Berlin in 1995 to
discuss the future direction of the treaty in light of this
projected failure to meet the voluntary objectives, agreeing that
any new commitments would be binding upon the signatories.
Specifically excluded from any new commitments, however, would be
the countries that comprise the deve.oping world. The rationale
for the so-called Berlin Mandate was that it is the
industrialized OECD (Organization for Economic Cooperation and
Development) nations that have been the major emitters of
greenhouse gases in the past, and will continue to be in the next
decade.

There are two intrinsic problems with the Berlin Mandate. First,
while the industrialized world is the primary contributor to the
current problem, that will not be the case in only a few years.
[REFER TO CHART ONE] As this chart demonstrates, the emissions
of the developing world are rapidly increasing on a sharp, upward
slope. These emissions will actually surpass those of the
industrialized OECD nations by the year 2015. In short, the
developing world is rapidly becoming a clone of the OECD nations.

Let us assume that the current negotiations for a new protocol,
which are to be concluded in Kyoto this December, result in a
binding commitment that the OECD nations must reduce their
emissions to 1990 levels by 2010. [REFER TO CHART TWO] This
chart demonstrates that under such a scenario the OECD nations
will sharply reduce our emissions of greenhouse gases. The price
we will pay in order to achieve these reductions is open to
debate, as estimates differ. Nonetheless, the key point is that
this responsibility will not be shared because of the Berlin
Mandate, for the chart clearly shows that the emissions of the
developing world continue on their inexorable upward track, even
as we in the OECD group make the painful and costly adjustments
necessary to force down our emissions.

This demonstrates the second problem with the Berlin Mandate,
which is that we gave away the store, and we received nothing in
return. Many of the biggest emitters of greenhouse gases in the
developing world have refused to even discuss, let alone
seriously consider, taking any emissions limitations commitments
upon themselves. In what can only be viewed as an act of
environmental irresponsibility, the developing nations have
adamantly refused to recognize that they will, over the next two
decades, become the primary cause of the problem, in terms of
annual emissions.

The refusal of the developing world to discuss any future
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emissions limitations commitments has become a central issue, for
any attempt to bring them into the process is labeled by some as
a "treaty killer." I have a different perspective. My
resolution is not a treaty killer. It is, in fact, a treaty
enhancer. It calls upon the Administration not to agree to a
protocol, unless it includes new commitments to limit or reduce
greenhouse gases emissions for developing country parties within
the same compliance period. My resolution improves the treaty.
For any treaty that does not include emissions limitations
provisions for the developing world is inherently unsound and
ineffectual on its face. Environmentally, we are all in the same
global boat. What good does it do for the United States and
other developed nations to work feverishly to plug the holes in
the boat, if the developing nations are drilling holes at the
other end just as fast as we plug them? Be assured that the
global boat will sink just as rapidly and we are all going to be
in for a long, long swim.

Bringing the developing world in under the climate change tent,
as part of any future treaty, will not only increase the
prospects of Senate ratification, it will also be enormously
beneficial for the international environment. Let me further
clarify that point. [REFER TO CHART THREE] This chart shows the
world of 1995, in terms of world carbon emissions in millions of
metric tons of carbon. The United States and OECD nations, shown
in red, are responsible for a little over half of that total.
[REFER TO CHART FOUR] The next chart projects the world as it
might be after the currently proposed treaty is adopted, with
only the developed world taking action to reduce greenhouse gas
emissions. The difference is startling. The developing world,
shown in purple, has assumed the U.S. and OECD nations’' place as
the biggest global polluters. The problem remains the same, only
the names have changed. And again, because of the flawed Berlin
Mandate, all of these emissions from the developing world will be
completely uncontrolled, and free to increase even further. From
this perspective, it is the Berlin Mandate -- and the fact that
it lets the developing world off the hook scott-free -- that will
seriously harm the global environment in future years.

[REFER TO CHART FIVE] Finally, let us examine the role of China.
Despite possessing a strong and growing economic and industrial
base, despite possessing the ability to launch satellites into
orbit, China is still counted among the family of developing
nations. But its industrial growth is matched by its growing
contribution to global pollution. This chart compares China's
contribution to global carbon emissions to the contribution made
by the United States. On the left, we can see that based upon
current trends, China will surpass the United States in carbon
emissions by 2015. On the right, we can see that if current
proposals are adopted, under which we would reduce our carbon
emissions to 1990 levels, while imposing no requirements upon the
developing world and China, China all by itself will greatly
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exceed the United States in metric tons of carbon emitted.

I find it disturbing that despite its future role as the world's
leading contributor to the problem of carbon emissions, China has
indicated steadfast refusal to apply any type of binding
obligations upon its own economy and industries. I believe that
if the treaty we are negotiating today does not equally commit
developing nations like China to binding commitments, there will
be no incentive for China and the other nations of the developing
world to make responsible and environmentally sound choices as
they develop. You can be sure that after China assumes its role
as a leading carbon emitter, she will not be very eager to make
the tough and costly corrections to retrofit her industries to
reduce emissions of greenhouse gases. Indeed, she may expect to
benefit from a treaty in which she escapes binding commitments,
because it may allow her to import industries from OECD nations
what would chose to relocate there rather than change their ways
and clean up their acts at home.

My message to U.S. negotiators is that all nationms, but
particularly those that are making and will make a significant
contribution to greenhouse gas emissions, need to (1) make
commitments at Kyoto that unequivocally demonstrate an action
program to tackle this problem, and (2) to start with aggressive
efforts to act on those commitments immediately and not settle
for vague promises to return to a future negotiation to get
serious. Finally, while countries have different levels of
development, each must make unique and binding contributions of a
pace and kind consistent with their industrialization. The
developing world must agree in Kyoto to some manner of binding
targets and commitments which would begin at the same time as the
developed world in as aggressive and effective a schedule as
possible given the gravity of the problem and the need for a fair
sharing of the burden.

In closing, I note that my resolution states than any treaty
presented to the Senate be accompanied by a "detailed explanation
of any legislation or regulatory actions that may be required to
implement the protocol or other agreement and should also be °
accompanied by an analysis of the detailed financial costs and
other impacts on the economy of the United States which would be
incurred by the implementation of the agreement.” There surely

will be costs if the United States is to make the changes to our

existing industrial base and to our existing lifestyle necessary
to meet the goals of this treaty. Our smokestacks must be -
cleaner and our automobiles more efficient. There are many ways
to achieve these goals. We must be able to tell the American
people what will be required to meet any proposed commitment.

Politically, I believe that there needs to be a strong consensus
between the President and Congress about any plan of action.
The Administration’s policy of follow-on multilateral
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negotiations to deepen the impact of the Rio Pact requires very
substantial consensus-building with the Congress, and broad
educational activities to bring the American public along. To
impose effective, legally-binding measures on the U.S. economy,
will mean having the strong support of the Senate. We Senators
need to be deeply concerned over the alarm that has been
expressed to us by a very broad range of American industry and
labor over the impacts on our economy of a treaty which commits
the United States to deep emission reductions, and which does not
spread the burden of responsibility equitably across the globe.
These assessments by bedrock American industry must be taken
seriously. I hope that this hearing will result in new Senate
attention to the progress of these negotiations, and that this
Committee will serve to interact regularly with the State
Department and Administration policy-makers as our negotiating
strategy is developed and refined.

The resolution that Senator Hagel and I introduced, and which has
won the support of a majority of sixty Senators, is aimed at that
negotiation, and beyond. Since carbon and other greenhouse gases
can accumulate in the atmosphere and persist for long periods, we
will not as a community of nations get a handle on these threats
to our global climate unless everyone participates and does their
share to solve the problem. We all share our earth in common.

We breath the same air, and we are exposed to the same global
climate system. We must all accept our share of the
responsibility for the global climate. We must keep this fragile
boat afloat, together, and the sooner we have commitments from
all its passengers to work together in that effort, the better.

#H#
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Good Morning, Mr. Chairman and members of the Committee. My name is Kevin Fay;
and I serve as the Executive Director of the International Climate Change Partnership
(ICCP), a coalition of U.S. industry representatives and associations, as well as
international associations, interested in the policy development process with respect to
global climate change. We appreciate the opportunity to appear before the Subcommittee
today on the subject of a global climate change convention.

ICCP was organized in 1991 to provide a forum to address the issue of global climate
change and to be a constructive participant in the policy debate. Six months before the
Third Conference of Parties meeting in Kyoto, the issue has certainly raised the interest of

many of us in the private sector and the Congress.

ICCP continues to recognize the climate change issue as an important matter with which
governments should be concerned. However, it is a very long-term issue and
extraordinarily complex in both its underlying science and its entanglement with the very
foundations of the global economic structure.

We have just recently communicated our views on the key issues in the Kyoto negotiations
to the Administration. I am attaching this correspondence to my testimony and ask that it
be included in the record. We have also communicated to the President on the issue of the
Administration's as yet unreleased economic analysis, expressing our frustration at their



lack of communication on the matters of greatest concern to the private sector--namely the
potential economic impacts of a climate change agreement and the current thinking of future

implementation scenarios. This letter is also attached.

Our views have been based on the premise that the only agreement that is acceptable is one
that is comprehensive and can work with flexibility, maintain national sovereignty, ensure
participation by all countries, maintain a competitive level playing field, and is guided by
effective science and includes a long-term objective that will guide future policymakers and

future negotiators.

You will note that in both letters, we urge the President and the State Department to use the
opportunities of the upcoming G-8 meeting and the United Nations General Assembly
special session on the environment to reiterate to our negotiating partners that the U.S.
policy framework enunciated last July is the only framework that can provide a climate
change agreement that is both environmentally beneficial and economically feasible.

Since prior to the first meeting of the parties in Berlin, we have consistently argued that the
time is not yet right for a climate change agreement. Unfortunately, the parties established
an artificial deadline under the Berlin mandate to reach an agreement at COP-3, now
scheduled to be held in December of this year.

In our view the Administration made progress in its own deliberations and offered a
thoughtful policy framework at COP-2 which we have heard about here today. This policy
outline includes a comprehensive approach; identification of a long-term objective;
identification of a developing country role under the treaty; implementation flexibility
through emissions trading, banking, and joint implementation; and avoidance of a laundry

list of so-called "policies & measures."

The U.S. framework also included a call for a binding commitment, which the
Administration has subsequently defined as an emissions budget period of undetermined
length to achieve reductions of an undetermined size. While most of the attention has been
focused on this part of the discussions, we continue to believe that it is not the only key to
a successful treaty agreement in Kyoto or beyond Kyoto.

We should point out at this time, however, that we have been provided with no analysis to
justify any particular target or timetable that might be advocated.



Our primary concern has been that the result of the negotiations would focus on only one or
two of the key issues, some of which we have outlined in our letter, and that the rest would
be left until later. This would be unacceptable to us. This worst result would be for the
Administration to agree to some target and not achieve the entire policy framework it has

advocated.

We have heard testimony today on the Byrd-Hagel Resolution, and we commend the
Senators for raising the important issue of requiring an agreement that includes developing
country commitments. We believe very strongly in this principle. We have concerns,
however, that just as some have focused only on identifying a target or timetable as an
acceptable Kyoto outcome, others may focus on only one or another of the remainder of

these key issues we have identified.

An agreement on a target and timetable in Kyoto, and nothing else, would be unacceptable
to the ICCP. An agreement in Kyoto on a target and timetable, including a developing
country schedule, but with none of the flexibility or other provisions as articulated last year
by the Administration, would be just as unacceptable.

To date, we have been disappointed in the progress on most of these fronts and we are
pessimistic on the ability to achieve them between now and Kyoto absent strong signals by
the White House to reinvigorate the negotiations. ICCP is not and never has been
interested in an agreement at the Kyoto meeting just for the sake of reaching an agreement.
This view will not change.

With respect to the economic issues and the impacts of a climate change agreement on the
U.S. economy, jobs, and the environment we remain very concerned. It is difficult to
address this issue in any effective way given the lack of dialogue on these topics and the
lack of information being provided by the Administration. We know that the economic
analysis that has been performed tells us several irhportant things:

--that there are costs involved in reducing greenhouse gas emissions;

--the costs are likely to be reduced if flexibility provisions are incorporated;



--that you cannot achieve any reasonable goals either environmentally or

economically without developing country participation; and

--the costs are less if you avoid premature capital retirement or turnover, and
provide industry the opportunity to manage their way into the technological
innovation that will be necessary to accomplish whatever long-term goal is
established by the parties to the convention.

It is difficult to know how the costs compare to the benefits because we have yet to see any
analysis that includes the benefits of mitigating climate change or facilitating adaptation
strategies.

In order for there to be an effective treaty, we believe that the parties must first get the treaty
structure correct. We have a long way to go before that will happen.

Our companies have determined that the current state of scientific understanding requires a
prudent long-term approach to address this issue. This view is equally applicable to the

negotiations themselves.

We appreciate the opportunity to appear before you today, and we look forward to

answering your questions.
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Dear Mr. President:

On behalf of the International Climate Change Partership, I am writing to express our concern for
the status of the economic analysis for purposes of the international negotiations on climate change
and the apparent lack of progress in making the economic issues an integral part of these
negotiations. The ICCP is a coalition of companies and industries around the world committed to
responsible participation in the climate change policy process.

ICCP continues to recognize the climate change issue as an important issue with which
governments should be concerned. However, it is a very long-term issue and extraordinarily
complex in both its underlying science and in its entanglement with the very foundations of the
global economic structure. ICCP commended the U.S. position enunciated in its statement in J uly
of last year as a reasonable framework, and was particularly supportive of its efforts to give the
negotiations greater focus on the long-term character of the issue and its economic implications.

It is disturbing to us that, for nearly one year, there has been little public discussion of the
economic impacts of the range of proposed climate change mitigation strategies by any of the
parties, including the United States.

The Administration had promised the results of its economic analysis to the Congress, its
negotiating partners, the private sector and the non-governmental organizations. While we applaud
the recognition of the need to peer review this work, the slow pace at which this activity is
vLLurring, raises concerns that it is either not being seriously pursued, or that the results are not
being shairat. Neither of these reasons, if true, bodes well for constructive private sector support
of the Administration's efforts or for any result produced from the Third Conference of Parties
meeting to be held later this year in Kyoto.

This matter is further complicated by the recent resignation of Under Secretary of Commerce
Ehrlich, who was coordinating the analytical effort. His departure suggests a possible further loss
of momentum on this important effort at a critical time.

Those who may be able to provide constructive input into the analysis and assessment being
pursued by the Administration wonder what must be done to understand how specific industry
sectors are being examined and what steps are being contemplated in order to pursue your climate
protection goals. At a minimum, the Administration should be able to immediately publish the
policy assumptions being used for individual sectors.

In addition, aside from frequent references to implementation of flexible, market-based
approaches, there has been little discussion of what may be suggested as implementation steps for
a Kyoto agreement. Failure to discuss some of these issues in advance will likely make it difficult



" to build support for ratification of the international agreement and for development of implementing
legislation. -

We respectfully urge you the Administration to provide an outline of the economic information and
policy considerations, as well as a meaningful timeframe for the release of this information.

Finally, we understand that you are preparing to attend the meetings of the G-7 and the United
Nations General Assembly Special Session on the Environment. We urge you to reiterate the
United States' support for these key economic issues as critical elements of any future agreement
on climate change. Itis only with these key policy provisions that we will have a climate change
agreement that is both environmentally beneficial and economically feasible.

Sincerely,

Kevin J. Fay %

Execudve Director
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June 6, 1997

The Honorable Timothy Wirth

Under Secretary of State for Global Affairs
Department of State

Washington, DC. 20520

Dear Mr. Wirth:

You have requested our views on specific issues under consideration as part of the
negotiations on implementation of the Berlin Mandate for a possible protocol or other legal
instrument to the Framework Convention on Climate Change. We are pleased to provide
these comments on specific issues of concern to the members of the International Climate
Change Partnership (ICCP) with respect to the treaty negotiations. We are also writing,
however, to express our concern with the current lack of focus to the negotiations or
linkage of these issues with the important relationship between the international treaty and
domestic implementation schemes.

ICCP continues to recognize the climate change issue as an important matter with which
governments should be concerned. However, it is a very long-term issue and
extraordinarily complex in both its underlying science and its inextricable entanglement
with the very foundations of the global economic structure. We are concerned that this
complexity is exposing an overly ambitious timeframe for current negotiatons and that the
cohesive activity necessary to ensure a viable foundation for future action under this
important treaty simply has not come to be. Itis equally disturbing that there has been little
public discussion of the economic impacts of the range of climate change mitigation by any
of the parties, including the United States.

ICCP commended the U.S. positdon enunciated in its statement in July of last year as a

reasonable framework, and was particularly supportive of its efforts to force into the

negotiations greater focus on the long-term character of the issue and its economic
implications. However, we have made clear that our support is for the entire framework,
and not for individual components. Some have misconstrued this position as support for
early targets and timetables. It would be incorrect to read our position as such. While
ICCP members have recognized the possibility that negotiators would agree on a mid-term
emissions target, we could not specifically support such a target given the current lack of
understanding of the implications of such a target or how it would be implemented.

In our view, the issue of a binding target is not the most critical element of the negotiation.
We view it more important to provide definition to the treaty structure through a long-term
objective and a mechanism to ensure that all parties, developed and developing, have
clearly defined roles before we enter into a binding commitment period. It is also important
that the parties are able to achieve these goals with flexibility through emissions trading,
banking, and true joint implementation. We appreciate that the U.S. has recognized this
need for flexibility.



It is of great concern to us that little progress appears to have been made on many of these
issues concerning flexibility and the role of developing countries. While the U.S. has
elaborated its views on these positions in subsequent statements and its protocol draft, we
have detected little movement by the other parties on these issues. Since we are not privy
to your bi-lateral discussions or the behind the scenes meetings, it is difficult for us to
determine the current status of these topics.

It is not acceptable to us for the negotiations to conclude in December with an agreement on
a binding commitment towards a mid-term target with all details on other key provisions to
be negotiated later.

As you recall, we have consistently expressed our view that 1997 is too soon for a credible
technical assessment process which would support an agreement by the parties on these
issues. The apparent lack of progress to date, the dearth of information available to us
regarding how these issues may be resolved, and the failure to thoroughly discuss the
economic implications for an agreement, have only served to confirm this view.

We have pledged to work responsibly with the United States and other parties on the
development of an effective framework to address the climate change issue consistent with
the need for all nations to sustain economic growth. We remain committed to this
principle. It is not clear, however, that these issues can be resolved satisfactorily by the
Kyoto meeting. ICCP will, of-course, reserve any judgment on the results of Kyoto for
the implementation process.

We urge the United States to remain focused on and committed to delivering concrete
results on all the points outlined in the statement delivered last July and elaborated on in its
subsequent submittals. Further, we believe that the U.S. should indicate 1ts commitment to
its proposed climate change policy structure at the upcoming meetings of the G-7 and the
United Nations General Assembly Special Session on the Environment.

Concurrently, we believe the economic impacts of a possible agreement should be
crrmunicated with industry and other policymakers so we can have an effective dialogue.
Jfaluwie to discuss some of these issues in advance will make it extremely difficult to build
support fe:7 virification and implementation of the international agreement.

We look forward ty-.+irking with you and appreciate the opportunity to discuss the specific
views on the attached position naper in the very near future.

Sincerely,

(=777

Kevin J. Fay
Executive Director

Enclosure

cc: The Honorable Madeleine Albright
Secretary, Department of State

The Honorable William Daley
Secretary, Department of Commerce



The Honorable Federico Pena
Secretary, Department of Energy

The Honorable Rodney Slater
Secretary, Department of Transportation

The Honorable Carol Browner
Administrator, Environmental Protection Agency

The Honorable Frank Murkowski
The Honorable Dale Bumpers
The Honorable John Chafee

The Honorable Max Baucus

The Honorable Thomas Bliley
The Honorable John Dingell

The Honorable Dan Shaefer

The Honorable Ralph Hall



International Climate Change Partnership
Views on -
Key Issues in the Climate Change Protocol Negotiations
(In Alphabetical Order)

Developing Country Role

The United States has outlined a specific proposal for dealing with the developing country
role as part of the Kyoto agreement, including definition of obligations under Article 4.1 of
the Framework Convention, establishment of an Annex B of countries which would
voluntarily adopt emissions budgets, and a date certain by which all parties would have
emissions budgets.

As stated by Bert Bolin, Chairman of the Intergovernmental Panel on Climate Change
(IPCC) at the March 1997 meeting of the Subsidiary Body on Science and Technological
Advice (SBSTA) in Bonn, "[IJt is obvious from this graph that no reasonable future
reductions by Annex I countries would stabilize global emissions.” Therefore, it is
imperative that developing countries be part of this agreement. Furthermore, as stated in
the Administration's recent economic work, a significant percentage of infrastructure and
industry investment by developed countries is occurring in developing countries. Finally,
because of the strong linkages between population growth and greenhouse gas emissions,
it is important that we recognize that seven of the current non-Annex I countries represent
two-thirds of the world's population.

The Administration has been forthright in its insistence that the developing country role be
defined. ICCP recognizes the potential limits of the current Berlin Mandate with respect to
new commitments for non-Annex I Parties. It is clear, however, that the Berlin Mandate
contemplates definition and elaboration of Article 4.1 commitments for all Parties,
including the developing countries.

Additionally, it is imperative that additional developing country participation, including
emission budgets, must he defined prior to the start of the first binding budget period for
the current Annex I partics. It is only through such definition that governments and the
private sector can ensure that invesrment flows are not distorted.

Entry into Force

ICCP has noted that six countries, including India and China, currently account for 55% of
greenhouse gas emissions. In order for the treaty to enter into force, it s imperative that a
significant percentage of greenhouse gas emissions be represented by ratifying countries.
In addition, a significant percentage of Annex I countries and developing countries should
ratify the treaty before it enters into force. :

We also believe that it is inappropriate for a regional economic organization to be allowed to
represent both itself and the voting rights of its individual members. The EU has argued
that it should be allowed to bubble its emissions and is proposing to allocate emissions
internally. It is unfair that the EU be granted this concession to bubble its emissions when
it declines to support similar flexibility for other Parties. Therefore, the EU should have to
decide to either bubble and count as one vote, or to not bubble and to be counted
individually.



Greenhouse Gas Comprehensive Approach

The protocol negotiations should continue to focus on a comprehensive approach at the
international level. Recent proposals from the European Union suggested a protocol on
only three gases--carbon dioxide, methane, and nitrous oxide--with the notation that
fluorocarbon compounds should be covered by policies and measures and added to the
basket in the year 2000. ICCP strongly opposes the EU approach. The gases that can be
measured should be covered simultaneously in a comprehensive manner. The key to a
comprehensive approach is for Parties to focus on achieving the most efficient emission
reductions possible; and therefore, it is unproductive to segregate gases from coverage until
a later date or to treat gases differently in an international agreement

Long-Term Objective

ICCP has urged the negotators to provide for a long-term focus or objective. We believe
such an objective provides clarity to negotiators, as well as to those charged with
implementation of commitments. It is our understanding that the United States has
performed some analysis of this issue, and that such analysis could be useful to the
negotiators currently. Furthermore, we applaud the article in the U.S. protocol proposals
which contemplates a long-term objective.

This objective will be an important guide to future decision making, including private sector
investment planning. We note that several participants, including the EU, and certain
environmental organizations have suggested certain objectives characterized as atmospheric
concentrations of greenhouse gases, and that the [IPCC documents present their analysis
according to atmospheric loading of greenhouse gases measured in parts per million (ppm)
of CO2 equivalent.

ICCP has not advocated a greenhouse gas concentration as the appropriate measure for the
long term objective. A long-term objective could be defined as a combination of
adaptation, impacts, and concentration measures.

Recent analysis of the economics of climate change controls have indicated that the long-
term objective is not as relevant as the path charted for the emission reduction. In our
view, it is impossible to develop a meaningful path without knowing the point of departure
and the intended goal.

We recognize that the current state of science does not provide a precise "correct” answer.
Science does provide a basis for making an informed political judgment on the objective,
and scientific assessment through the IPCC and elsewhere is critical to future reassessment
of any potential long-term objective.

Policies and Measures

It is imperative that each nation maintains maximum national flexibility with respect to
implementation of its climate commitments. It is neither appropriate nor productive for the
negotiators to determine the manner in which each country should achieve its commitments.
ICCP is opposed to any listing of specific annexes of policies and measures in any manner,
i.e., mandatory, regional coordination, voluntary, or exemplary.



Target/Budget/Accountability Period

There have been several proposals for specific point targets and/or budget periods as part of
the protocol proposals that are currently before the Parties. ICCP has not endorsed the
notion of a binding “target." We do, however, recognize that all of the government
proposals to be considered in Kyoto do contemplate such a step as a starting point.

The lesson from the non-binding commitment of the 1992 FCCC agreement is that, despite
the best of intentions, a specific point target is very difficult to administer due to
fluctuations in economic conditions, weather conditions, etc. Therefore, we believe it is
imperative that the long-term objectives be utilized to examine a reasonable path that
minimizes short-term economic disruption and stimulates the longer-term technological
innovation necessary to significantly reduce worldwide greenhouse gas emissions.

The U.S. has indicated a preference for an emissions budget period and a binding
commitment to achieve that budget. In our view, the practical timetable for ratification and
implementation of a Kyoto climate agreement, including subssquent definition of a
developing country role, suggests that meaningful program implementation steps could not
be up and running with confidence any time soon after a Kyoto agreement. There has been
a great deal of focus on the beginning of such a so-called budget period.

In our view, the beginning of the budget period is not as important as the end of the budget
period, i.e., the point at which the principle of "binding commitment” actually has the
potential to impose penalty or sanction. In light of the uncertainties stated above,
ratification, implementation, developing country role, and some level of experience with the
implementation process, we believe that it would be inappropriate to end the first binding
budget period before the year 2020. This time frame will allow industry to develop its
programs, and gain confidence in their performance.

ICCP also believes this time frame is consistent with its previous position that policies at
the outset of this effort must take into account a reasonable period for capital stock
turnover. This will provide a period for industry to "ramp up” its climate change
responses.

If the budget period is to be adopted, we believe that it should be long enough to
encompass weather and economic cycles, but not so long as to present an impossible
horizon to provide both industry and policymakers with some certainty. Therefore, it
appears that a 10-year budget period is better than a 3 or 5-year period.

Technology Assessment

Although not specifically included as part of the current protocol proposals, ICCP
continues to believe that the FCCC must be grounded in sound scientific and technological
assessment processes. This function, as currently served primarily through the
Intergovernmental Panel on Climate Change (IPCC), is inadequate.

The IPCC is currently considering restructuring proposals including the adoption of
working group outlines that incorporate an effective role for private sector expert
participation. We encourage support for these proposals.

Finally, it is also important that we de-politicize the IPCC process to the maximum extent
possible. Its credibility can be sustained only if it is truly seen to be the work of scientific



and technical experts, and not subject to the whims of the diplomatic and political process
or other special interests. ‘

Trading, Banking and Joint Implementation (JI)

Most available economic analysis continues to indicate that flexibility through emissions

trading, banking of emission credits, and joint implementation policies can help to
maximize greenhouse gas emission reductions most cost-effectively. ICCP is fully
supportive of such mechanisms as part of any agreement in Kyoto and beyond.

We believe it to be imperative that such principles be included in the first agreement and not
be left to some future negotiations. We also believe it is important that these provision not
be relegated to some pilot project with final decisions to be made at some future date.

Finally, it appears that flexibility is a positive inducement to ensure maximum compliance.
It also would allow us to avoid the use of trade restrictions or trade sanctions as an
enforcement mechanism in the treaty.
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Good morning, Mr. Chairman. I am pleased to join you this morning to discuss
the importance of climate change and to outline the United States negotiating

position as we move toward December’s multi-national conference in Kyoto.

Climate change is probably the most important environmental challenge facing
the world. The ecological, human, economic and political consequences are of
enormous importance for the mid-term and for the long-term — and each of us
needs to understand them. We look forward to active and frequent consultations
with this Committee and with the other members of Congress as we seek to

reach an agreement and as we set up the needed long-term process.

The Science

I want to begin with the science — because scientists were the ones who drew our
attention to climate change in the first place, and because we continue to base
our policies on the best evidence and the most rigorous scientific analysis

available.

Let me highlight some of the key scientific issues on which there is a global

consensus:

e human activities have significantly increased the atmospheric concentrations

of greenhouse gases over the last century.



global average temperatures have already increased by about one half to one

degree Fahrenheit.

the balance of evidence suggests a discernible human influence on global

climate.

projections of the future change, based on complex climate models and on our
best understanding of the physics of the climate system, suggest an increase
of another 2 to 6 % degrees Fahrenheit by 2100, with an average greater than

any seen in the last 10,000 years.

Sea levels are projected to rise an additional 1 % feet by 2100, from expansion
of the oceans due to global warming, and from a melting of glaciers and ice

sheets.

Climate change is likely to have wide-ranging and mostly adverse effects on

human health, with direct and indirect effects leading to increased mortality.

Coastal populations and infrastructure are vulnerable: a 20 inch rise in sea
levels would put about 100 million people at risk each year from storm

surges, with significant costs.



e Natural and managed ecosystems are at risk as ideal ranges shift with the
climate. The location of forest and agricultural zones will change

significantly.

¢ Future unexpected changes in the climate are not included in the models.
These surprises may have impacts of global magnitude such as fundamental

changes in global ocean circulation or ecosystem behavior.

These are the conclusions of the Intergovernmental Panel on Climate Change --
an international body of more than 2500 scientists, expert in all aspects of
climate change, including the physical sciences, the social sciences and the
economics. U.S. government experts have endorsed their work, as have the

academic communities in the United States and around the world.

An excellent summary of the science and the impacts that could occur as a result
of global climatic disruption was presented yesterday on behalf of nearly 2500
leading American scientists and I would like to include their statement for the

record.

We do not yet have all the answers with respect to the science. We cannot yet
say with certainty what the local effects of climate change will be. But, with

better scientific data, the picture is becoming clearer.



For instance, in the United States, twenty inches of sea level riselwould Inundate
9,000 square miles of U.S. coastal land, with great loss of property and
infrastructure. Rising temperatures could double the number of heat-related
deaths. We now know that the ten warmest years since records began all
occurred since 1980. Some of the most recent data shows that four of the five
hottest years have occurred since 1990. With CO2 concentrations doubled in the
atmosphere, heat waves like the one that killed around 500 people in Chicago

two summers ago would be four to six times as likely to occur.

While we acknowledge uncertainties about where, how fast and when climate
change will occur, and while we continue to press for research that will help us to
answer these important questions, the basic fact remains that we are having a

discernible impact on our climate.

Our policy is based on the current scientific consensus and on the need to achieve
the most cost-effective emissions reductions possible. Our policy has three
simple and straightforward objectives which are outlined in detail in a
framework proposal we submitted to the climate convention in January. The
proposal was shared with this Committee and was distributed widely with the

public. The three objectives are as follows:

1. We are seeking to establish a legally binding emissions target for developed

countries which is verifiable, credible and realistic.



2. We are seeking an agreement in Kyoto that maximizes the flexibility for each
country to meet this legally binding target, including through the use of

market mechanisms.

3. Third, we recognize the importance of involving all countries in the
agreement — and to this end we have incorporated extensive language into

our proposal that calls for developing countries to act.

Let me go through each of these in greater detail.

The Target: It is clear that the Framework Convention on Climate Change has
not proven adequate to the task of reducing global emissions. We anticipate that
only two countries will meet the Convention’s non-binding aim of lowering
emissions to 1990 levels by the year 2000. We ourselves will miss the aim by

about 10%.

We believe a binding legal obligation to act will result in the passage of domestic
laws — in all countries — that compel action. In order to build in some flexibility,
our proposal calls for the targets to be multi-year in nature. Without this sort of
legal obligation, countries will continue to pay only lip-service to their efforts to

solve this problem. The past shows this is not enough.



Flexibility: Solving the problem of climate change is a long-term prbposition
that will require enormous effort over a sustained period. It is therefore vital
that we achieve emissions reductions as cost-effectively as possible. Our
approach to climate change seeks to do this. We have recommended that each
country be given the maximum flexibility to meet its legal obligation. And we
have rejected common, harmonized policies and measures recommended by some
countries. We have also learned from the successes of the past, and are,
wherever possible focusing our efforts on the use of market mechanisms to

reduce costs.

One of the most innovative of these is the introduction of “emissions trading” into
the lexicon of international agreements. The concept has been successfully used
to reduce costs (as much as tenfold) in meeting the standards set for power plant
emissions of sulfur dioxide. A similar program has also been successfully
implemented in the Montreal Protocol on Substances that Deplete the Ozone
Layer. In the climate context, we envision that Parties would be allowed to trade
their emissions — seeking to reduce them where it is most cost-effective to do so.
While we are still engaged in working through some of the details of how to
implement this proposal, it is clear that such a program could significantly

reduce the costs; some studies suggest by up to one-half.

Another piece of our strategy on flexibility is joint implementation. Through

joint implementation, countries are allowed to undertake emissions reductions



projects in developing countries and count these reductions against their own
emissions. We believe that joint implementation holds enormous potential to
reduce global greenhouse gas emissions in a cost-effective manner. Joint
implementation would also produce other benefits such as encouraging
technological innovation, promoting the use of cutting-edge U.S. energy

technologies, and protecting forests and other critical habitat around the world.

The U.S. has extensive experience with successful joint implementation projects.
Recently, our approach on joint implementation received a major boost when
President Clinton received the endorsement of the Dominican Republic and the
seven Central American nations to endorse our concept of joint implementation
for credit. This is a good example of our commitment to pushing through flexible
mechanisms to implement new commitments under the Climate Change

Protocol.

Developing Countries: We recognize the importance of including developing countries

in this agreement. Their participation is critical to achieving any kind of a lasting
success in combating the threat of climate change. For that reason, the participation of
developing countries has been a central piece of our own negotiating strategy. We must
seek a level playing field in which all countries that contribute to the problem

contribute to its solution.



Developed countries, including the former Soviet Union and the coﬁntries of
Eastern Europe, contribute about 60% of global emissions today, and developing
countries account for about 40%. What do these numbers tell us? First, that the
developed countries have historically contributed the greatest amount to the
current heightened concentrations; we have fouled the nest. But the developing
countries are rapidly growing, as are their emissions. The United States, with
5% of the world’s population, is the largest greenhouse gas emitter, with more
than 20% of the world’s emissions. But China is not far behind, and is expected
to pass us sometime in the first quarter of the 21st Century, although on a per
capita basis, its emissions are projected to be less than one fifth of our own even

then.

There is a clear concern about the potential impacts on our international
competitiveness. Let me assure you that developing countries are part of our
negotiating strategy and they must join us in order to insure that no country

suffers significant competitive disadvantage.

We are all in this together, with different histories but with the same future. We
pull a heavier oar at the beginning; over time, we all must pull together. Our
policy has to be calibrated to reflect this reality. We cannot expect to solve the
global problem unless all countries -- developed and developing -- participate in
the solution. To this end, we have proposed three separate elements for

developing countries in our proposal for Kyoto:



1. We call on developing countries to continue to elaborate on their

commitments in the Convention — including by providing information on
emissions on an annual basis (the same as for developed countries), and by
taking “no regrets measures” (actions which may be valuable in their own
right, and which also mitigate climate change). We also call for a regular
review of the actions developing countries are taking (again, using a review

process similar to that established to assess our own actions).

We call on the newly developed countries (such as Mexico and Korea) to take
on binding legal obligations to reduce emissions, recognizing that while the
targets they adopt may not be the same as our own, such commitments will
codify their new status, and differentiate them from the lesser developed
countries. We are now working with potential members of this group to seek
their agreement on such a step. While by no means an easy task, we believe
that in Kyoto, we can find some language to insure that countries in this
category will take on commitments that correspond to their more developed

status.

We call for the negotiation of a new legal instrument which will include
legally binding obligations for all countries — including all developing
countries — as a next step in the path toward the ultimate stabilization of

greenhouse gas concentrations in the atmosphere at a level that is not



dangerous. This step, too, faces significant difficulty in the negotiations

leading toward Kyoto.

Finally, I want to take this opportunity to note that one of the most important
potential incentives with regard to additional developing country participation--
the Global Environmental Facility -- would be seriously undermined if Congress
does not fully fund the U.S. contribution to this program. I hope you will support

our request of $100 million for the GEF for this year.

Let me close this morning by briefly reviewing for you the negotiating process
between now and December 1 — when we meet in Kyoto for the third session of

the Conference of the Parties to the Convention.

We have two more one-week officials-level negotiating sessions — the first in late
July in Bonn, and the second in late October, also in Germany. During these two
weeks we will be examining and negotiating the extensive text, which is a
compilation of all the material submitted by all countries. This is an extremely
divergent and broad document reflecting many interests around the world and it

must be moved toward some consensus.
At one end of the spectrum, reflecting their strong commitment to making an

aggressive statement, the European Union has proposed that developed

countries reduce emissions by 15 % below 1990 levels by the year 2010. The
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Organization of Small Island States has proposed a 20% reduction by the year

2005.

At the other end, reflecting their concerns with the potential impacts of various
emission reduction proposals (particularly on reductions in the consumption of
fossil fuel), OPEC countries have introduced a proposal that they be
compensated for any economic cost they might incur as a result of treaty

requirements.

Other countries have introduced recommendations that they be allocated an
individualized, different target. This commitment to so-called “differentiation” is
not yet defined, but is used by many countries as a first step toward finding their

own way of joining the negotiating process.

As we examine these proposals, and develop our own negotiation strategy, we
will continue to be guided by our own principles of feasibility and economic
opportunity. We are, as you know, doing extensive economic modeling, and we
have not yet completed the process. We expect the modeling will soon be

completed and available to all interested parties.
I think it is useful as we think about the economic impacts of reducing

greenhouse gas emissions that we remember over 2,300 economists, including

eight Nobel Laureates, have endorsed a statement which in part states:

11



“... As economists, we believe that global climate change carries
with it significant environmental, economic, social, and geopolitical
risks, and that preventive steps are justified...For the United
States in particular, sound economic analysis shows that there are
policy options that would slow climate change without harming
American living standards, and these measures may in fact

improve U.S. productivity in the longer run.”

I would ask that the economists’ statement also be included in the record.

Finally, I should note that we understand that Kyoto is but one more step on the
long road toward stabilizing the atmospheric concentrations of carbon and other
greenhouse forcing gases. The long-term goal is stabilization of concentrations of
greenhouse gases in the atmosphere at an acceptable level. This is a task that

must begin now but which will require a sustained effort over the next decades.

Kyoto is a first step, but a very important one. The message that we send, by

what we do, is enormously important. We believe we can succeed by:

-- developing new technologies, and thus improving the way we fuel our

economy, transport ourselves, and process materials

-- using flexible economic instruments and market mechanisms

12



-- bringing in developing countries as full partners

-- fulfilling the obligations of our leadership role

And throughout this process, we can continue to promote economic development
and improve the standard of living for the American people, while we protect the

environment.

It is important, in Kyoto, that we set up a system that will work -- one that will
allow us to reduce our emissions at the lowest possible cost so that we can
achieve the maximum protection of the environment. And it is also important
that we send a clear signal to governments and industries so they can make
significant investments in the new technologies that will be required if we are to
achieve our ultimate goal. And finally, although those of us in the developed
world must take the lead, everyone must participate in moving toward the

solution.

I look forward to working closely with you and your colleagues on this most

challenging and complex of environmental issues.

Thank you very much and I will be happy to answer any questions you may

have.

13



‘ . Total Pagas: / 6

LRM ID: EHF280

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
Washington, D.C. 20503-0001
Tuasday, October 7, 1997

LEGISLATIVE REFERRAL MEMORANDUM

TO: Leﬂ'slativwaisgn Officar - Ses Distribution bhalow

FROM: Ronald K. Peterson (for) Assistant Director for Legislative Reference
OMB CONTACT: Robert J. Tuccillo
PHONE: (202)395-5609 FAX: {202)395-5830
SUBJECT: STATE Qs and As on Global Climate Change
DEADLINE: 11:00 AM Waednesday, Octaber 8, 1997
| o T}

in accordance with OMB Circular A-19, OMB requests the views of your agency on the above
subject before advising on its relationship to the program of the President. Please advise us if this
item will affect direct spending or receipts for purposes of the "Pay-As-You-Go" provisions of Title
Xill of the Omnibus Budget Reconcitiation Act of 1990.

‘ COMMENTS: Stata naads to provide thase answers to the Senate Foreign Relations Committee
prior to the Thursday 10/9/97 hearing.
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LRM ID: EHF280 SUBJECT: STATE Qs and As on Global Climate Change

5 S T e NP P ———
RESPONSE TO
LEGISLATIVE REFERRAL
MEMORANDUM

If your response to this request for vlews Is short (a.g., concur/no comment}, we prefer that you respond by
e-mall or by faxing us this response sheat. if the response is short and you prefer to call, please call the
branch-wide line shown below (NOT the analyat’s line) to leave a mesaage with a legislative assistant.

You may also respond by:

{1) calling the analyst/attorney’s direct line (you will be connected to voice mail if the analyst does not
answar): or

{2) sending us a mamo or letter
Please include the LRM number shown above, and thae subject shown below.

TO: Robert J. Tuccillo Phone: 395-6609 Fax: 395-6836
Office of Management and Budget
Branch-Wide Line {to reach lagislative assistant): 395-4586

FROM: . {Dato)

(Name)

(Agency)

{Telaphona)

The following is the reponse of our agency to your request for views on the above-captioned subject:
Concur
___ No Objection
No Commaent
See proposad edits on pages

Other:

FAX RETURN of pages, attachad to thiz reponse shest
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Questions for the Record Submitted by Chairman Hagel to
Under Sccretary of State Timothy Wirth
Senate Foreign Relations Committes
Subcommittee on Intarnational Economic Policy,
Export and ‘frade Promotion
June 19, 1997

Senator Hagel

1. Q: What enabling leglslation might b necesaary to implement any agreemcnt that
would mandate kegally-bludiog emissions reductions on the United Statcs?

A: Any legally binding agreement would require Senate vatification of the protocol or other lcgal
instrument itself. Any specific legislation to implement domestically the agreement would
depend on the nature of the international agreement itself and the policies chosen to implement it
domestically. At this time, we are still evaluating a wide range of options fur durnestic g
implementation and thersfore cannot state with any specificity what implementing legislation
might be required.

2 Q: 1understand s Department of Energy official made a presentation at a May 6, 1997
meeting of the Society of Automotive Epgineers. At the meeting, this official reportedly
amid that to return to 1990 greenhouae gas cmissions, this country would either have to
increase average inel efficiency to 70 mpg by 2005, or institute gasoline taxes 74 cents per
gallon by 2005. Do you agree with the assessment of the Administration official?

A: The Department official was providing a report based primarily on material dcveloped for the
Policy Dislugue Advisury Commities o Assist the Fresident in the Development of Measures to
Significantly Reduce Greenhouse Gas Emissions from Personal Motor Vehicles. This
Presidential advisory committce considered ways to retwen pevaonal trangportation-sector
greenhouse gas ernissions to 1990 Ievcls by 2005, 2015 and 2025. While this comhittee did not
reach & consensus on the best policies to achieve these goale, substantial analytic work was
performed, including the information you asked about.

The official did not report at the Seciety of Automotive Engineers meeting that the U.S. needed
to increass automotive efficiency to any specific level or that we would need a gasoline tax in
order for the U.S. to stabilize U.S. greenhouse gas emissions at 1990 levels. Rather, what was
said was that if ong tricd 10 return estimated future U.S. emissions from privaie metor vehicles o
their 1990 lavels by 2005 assuming the use of either fuel economy standards or 2 gasoling tax,
that a 70 mpg standard or a 74 cent per gallon tax would be required. This is ¢learly not thig
Adminisiration's policy.

H:congressionulw/wirth ¢'s & a’s (Sunmmner 1997)SFRC-Hagel & Kerry QéA.do¢
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The Administration favors a flexible approach to reducing emissions that would permit markel
forces to solect the most cost-effective approaches. These should be aided by the avallability of
advanced technologies that jeint govemment-industry research will provide. We believe there
are other preferable approaches to reducing personal transportation emissions besides fuel
economy standards or gasoline (uxes, These optiona include the introduction of advanced
technology vehicles (now under development - Partnership for a Now Generation of Vehicles)
and the use of low-greenhouse gas fuels such as cellulosic ethanol. We would note that the
Department official conclwded his presentation by saying that continued federal and private
investment in these promising technologies was a prudent approach to reducing transportation
sector emissions and that they were a s cost-effective approach than fuel taxcs or fuol
economy requirements,

3. Q: Last year the Administration adopted a position supporting “legally binding _
commitments” on the United States to reduce greephounse gas emissions. What entity do

you envision enforeing these legally binding commitments on our government and our
nation?

A: The U.S. proposal calls for each Party to establish a system for national reporting and
measurement of greenhouge gas emissions. as well as pu tting in place national compliance and
enforcement programs relevant to implementation of ity obligations. Thus, the primary
responsibility for coforcement is at the natlanal laval. In nddition, the U.S. proposal calls for the
establishment of a review process, in which expert teams, coordinated by the Protocol Secretariat
would assess Parties’ implementation of their obligations. The Parties to the protocol, based on
the regults af sueh reviews, would have the responsibility of reviewing compliance, and
determining what consequences (if any) should be applied in casos of non-compliance,

4. Q: Do you intend any emissions trading seheme tn apply equally to public and private

entitics? Would it apply to city and state governments? Would it apply to the Federal
Government and our Armed Forces? '
\

A
A: The draft proposal does not estublish a domestic system for emissions trading; that decision

‘is loft to oach Party to determine on ite own. However, the regime would permit individual

Pasties to allow private sector trading a3 well as sub-national entities such as local or state
governments. ‘I'he Adxinistration has not yet taken a position with respeet to the domestic
implementation of the protocol in this reyard,
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5. Q: Has the Departmcent of Defenae conducted a study on the effect the treaty’s'
restrictions would place on its activitles?

A: DoD has 2 globul climate change integrated product team (IPT) in place that is assessng the
impacts of the ncgotiations on DoD activilivs; however, no conclusions have yet been roached.

6. Q: The U.S, draft protocol includes language referring to various automatic and
discretionary “consequences for pop~compitance with vbligutions.” What exactly does this
refer to?

A In the U.S, view, a logally binding obligation will be essential to ensuring that enuntries
actually lowot their levels of emissions. Past experience hag shown that in order to implement
binding obligations, congsequsnces for non-compliance also need to be developed. A number of
alternatives are heing considered for such consequences, We anticipate that they will range in
severity according 1o the Articles for which non-compliance is determined. For example,
dlfferent provisiuns might be imposed for nonscomplianee with monitoring then for .
non-compliance with meeting a budget. Different provisions may also be imposed for multiple
incidents of non-compliance than for only a single incideat. Wc beligve that allowing non-
: compliance to be determined on 4 completely ad hoc basis will limit the effectiveness of the

‘ regime, To this end, we have proposed that the non-compliance provisions be made explicit

through a decision by the Partics.

7. Q: The Administration opposey «differentiated” commitments by OECD countries.
Yct, 1 understand the European Union has proposed @ mechanlsms whereby wach of its
member states wonld have a diffevent commitment [or percentage reductions. Is the
Administration considering accepting an exception for the EU?

A: No. While we beligve that the European Union (or any other Party or groups of Parties) may
choose to undertake a scrics ol agreemonts whereby emissions trading might be allowed, we do
not believe that the “bubble” as proposed by the EU is.an appropriate mechanism. Furthermore,
while the Administration has recognized that differences do exist between countries, we do not
believe it will be possible to negotiate thesc differences and teach a consenanc on the oulcome n
Hme to conclude negetiations by December 1997 in Kyoto.

II:congressionalywirth 4's & a’s (ummer 1997)/SFRC Hugel & Kerry Q&A.doo
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8. Q: I undersiand that Argonnce Natlonal Laboratory conducted a study on ¥The Impacts
of Potential Climate Change Commitments on Energy-Intevsive Industries.” That study
was reportedly completed last Novembar, but etill haz not been made public. Flease
explain why it has not been released.

- Are press reports accnrate that the study found a devastating impact on the steel,
aluminum, cement, chemical, petroleum, and forest products induytries? .

A. The Department sponsored a project at Argonne in which panels of industry representatives
experts from academis, environmental groups, organized tabor, the finanolal comitnunily, und
povernment were asked to reflect on the possible industry met to digcuss the possible wopacts on
industry output, employment, energy usege, technology, costs, prices, impotts and exports.

The negative conclusions expressed by the participants were predicated on the specific energy
price sceparios assumed in mid-1996, which do 1ot retlect key policies advocatcd in international
climate nagatiations hy the Clinton administration in the intervening year. For example. the
assured fuel price scenarios do not take into account the impact of multi-year emissions
budgets, international emissiun trading, and joint implementation. Tf adoptod, those provisiona
would lower the costs of achieving emissions reductions in the U.S. and other developed
countries and would significanily lower the energy price increases assumed in the workshop
ccenarios. The Administration has also argned that the developing countries should assume

‘ additional obligations in the near future to reduce the projected repid growth of greenhouse gas
emisstons. NO such actions were reflected in the workshop scetarivs-

A draft paper providing a personal interpretation of the workshaps was circulated prior (o
completion of the report by an individual employee of Argonne National Laboratory. That paper
was apparently prepared in advance of the participants’ review of the warkshop sutunaries to
ensure that their mput had been reported accurately, and prior to the lead authors’ completion of
the revised focus papers based on comments received at the workshops.

The final roport, Tho Impact of High Energy Price Soenarios on Boergy-Intensive Sectors:
Perspectives from Industry Workshops, was issued ou July 11, 1997. Ttincludes an accurate and

complete summary of the workshop findings, the full text of all the load authors’ papers, and the
soenarios given to the participants. ’ |

Il;congressionals/wirth q’s & a’s (summer 1997)/SFRC-Hagol & Kerry Q&A.dde
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9. Q: Regarding the Administration’s draft repore to the U.N. body that was sat up to
monitor the 1992 Framewoark Convention on Climate Change: Tunderstand that this draft
report saya that tha 1.8 {e antikely to he able to return Its greenhouse gas emissivny Lo
1990 levels by the year 2000 for two reasona: First, U.S. cnergy prices are too low, and
seeond, the U.S. economy ks tov strung. Ts this corvect, and if so, do you agree with this
aagessment?

A: This roport was commpleted in final in Angust 1997, and suhmitted to the Conveation
Secretariat. Copies have been sent to your committee. That report states that soveral reasons are
anticipated to lead to U.S. emissions in 2000 exoceding huir 1990 levels: energy prices boinyg
lower than projected when the U.S. emissions reduction program was first established; Congress
providing reduced funding from that proposed in the Administration program; and individual
programa working lcas effevtively than anticipated. While the economy did perform more
robustly than expected, this factor is not congidered likely (o lead to significant inereases in
emissions buyound those projected. : -

10. Q: In follow-up to my previous guestion, this draft U.S. report also says that due to
economie growth and population growth, US. encrgy consumption would have te be
rednced 28% hy the year 2010 to return graenhounse gas cmissions to 1990 Jevels.

— What fmpact would this level of rcduction in caergy use have on U.S. economic growth?
-- How does the lmpuct vn ihe United States compare to that of our Buropean and
Japancse competitors? I would note that these countries are experiencing much weaker
economic growth than the United States. '

A: The report does not state that energy consumption would need to bo lower — only that to
maintain emissions at 1990 levels, emissions would need to be approximalely 24% below
projected levels. This could be accomplished through changes in efficiency in energy production *
and consumption, through fuel switching (away from emissions intensive fucls), through the
development of new processca that produce fower emissions, a¢ well as through conservation and
reduced energy consumption, No definitive economic analysis has been performed that can
provide a guaranteed projection ot the effects of such a program. However, most modelers and
ecanomists agree that a properly designed progrum wonld have little aggregata codt to the U.S.
cconomy, although most recognize that there would be soms distributive effects, with some
soutors aud regions of the sountry sutperforming others. The coats of emissione reductiona oould
be substantially reduced if market instruments such a5 emissions trading and joint
implementation wers allowed.

Projections for both Japan and Burope suggest that their cconomics are unlikcly 1o grow at rates
similar to that of the United States over the next decado. However, dus to tho groater efficiency
of thesc economies (fewer emissions are produced per unit of GDP: then in the United Statos),
many economists have estimated that reductions in these couniries will be more costly than in the
United States. Overall GDP impacts ffom returning emissions to 1990 levels are thus estimated
t0 be higher in both Europe and Japan than here,

I1:congressionnla/wirth q's & a’s (summer 1997VSFRC-Hagel & Koty Q&A.dve
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11. Q: Yon have stated the belicf that technology will lower the costs of this pmpbsed

treaty to the U.S, economy. Can you identify which specific technulogies will do so, und by
how much?

A: No. The Administration has rejected developing new technologies through 1 conuiand-and-
contvol fype approach. Rather, we are seeking to develop appropriatc market signals and
maintain a robust marketplace to encourage our private sector to develop those technoloyies that
will generatc the greatost emissions reductions at the lowest cost, Historical rates of technology
development have varied between 1 percent and more than 3 perceni per year. While it socms
likely that future development will procesd at simillar raics, projecting the effocts chaoges in
technology will have on emigsions reductions directly is fraught with ambiguity. Existing
ecagts suggests, however, that costs with a greater rate of technological efficiency factored in
muake it s expensive to achisve a 1990 laval of eminoions in 2010 than without relying on

\)Nox;\x

12. Q: Isthe Adminlsiruiion comniitted to submitting for Senate adviec and consent any
pgreement on climate change reached at the Third Confercmee of Pardes this December in
Kyoto, Japan? Are there any circumstances under which the Admipistration would not
gubmit to the United States Senate any such agreement?

A: ‘Lhe Administration would anticipate submitting for Senate advice and consenl W ratification
gny agreement adopted in Kyoto that would impose new legally binding commitments on the
United States. We do not envision sny circumstances in which such a new legal instrument
wonld not bo aubtmitted to the United States Senate for Senate advice and consent to ratification.

Senator Kerry

1. (Q: Based om the eurrent scientific knowledge, how much eoncern should wk have about
the problem of climate change? Is the Administration using the best available science fn
muklog pulicy declslons? '

A: The Administration’s concern about climate changs is predicated on the best available
scicatific information. This inclndes not only the work of the Tntergovernmental Panel on
Climate Change (2 group of more than 2000 acientists who contributed to an international
agsessment of the sclence, impacts, resputse uplives and economic issucs of climatc change), but
also on the work of the U.S. domestic scientific establishment as reflected in governmental and
non-govemnmental publications. This pody of information, which in its totality represents the
vast majority of all the scientific work on this complex and difficult igsne, agpects that without
significant action, over the course of tha next 100 years, we will be faced with substantial
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chanpcs in the world’s olimate systen, which could have enormous impacts on the human and
natuval systems, The Administration views (and beliaves that Congress and the American people

shanld view) this as a matter for Rag concern — not only for the future when these impacts will
be felt, but now, when the opportunity still exists to prevent such changes.

2. Q: What iz known abont the impacts of possihle climate chaoge for the United States?
In particular, is there any Information avallable about the conscquences of sen level rise,

about changes i1 the avallability of water aud water resources, and possible implications

for changes In disease vectors from a change iu climate?

A: Humun health, natural ecological systems, and cacinsconomic systems are ali gsensitive to
both the magnitude and the rate of climate change. The Intergovcmmentzl Panel on Climate
Change (IPCC) concluded in {15 1993 Second Assessment that, “With the growth in almospheric
concentrations of greenhouse gases, interference with the olimate system will grow in magnitude,
and the likelihood of adverse impacts from climate change that could be judged dangerous will
become greater.” :

Sea level rise. Global tidal gauge data shows that worldwide sea levels have risen 4 (v 10 juchies
over the last century. Tidal gauge data from the US shows that sex Jevels have risen by as much
as 3 feet over the last century in Louisiane and parts of California and Texas, tn 1 faot along
sust of the Atantic und gulf coasta. In Loa Angeles, sen Jevel has risen about 4 inches over the
last 100 ycars.

The level of the sea is affected by geological and climate factors, although climaie has
historically had more substantial impacts on global sea level. Throughout geologic history, the
soa levol has risen und fullen uver 1000 feet. Globally, this phenomcenon is due t ohanges in the
shape and size of occan basins, the amount of watcr in the oceans and the average density of sea
water. Over the last 100 years, tide gauges vsed w determine global sca lovel trends have shown
global sea lsvel to have rigen about 4-10 inches. This rise is caused hy thermal expansion of
acean water and melting of land-based ice sheets and glaciers. Regional changes in sea level
vary from the global avcrage becausc of other factors such as the indepenlently increasing or
decrensing elevation of the land due to tectonic activity, compacting of sediments, ‘or subsurface
pumping of petroleum or water. The net effect is refarred to as relative sea level rise. Along
somao of the US Conut, iha relative ses level rice fas been closer to 12 inches.

Previous relationships between climate and sca level, and increasing concentrations of
greenhousc gases, form the basis for expecting an accelerated rise in sca level, Increasing
conccntrations of carbon dioxide, methane, and other gases released by human activities could
raiso tho earth’s avernge temperature. A warmer atmosphere would retain more water vapor,
intensifying the hydrologic cycle in coastal areas and over open occan. Snow and floating ice
would retrcat, decreasing the extent to which sunlight is reflected into space, causing additional
warming. These two feedbacks would amplify the direct warming from the greenhouse effect.
The increased warming would accelerate the rate of sea level rise by expanding ocean water,
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melting mountain glaciers, nnd causing ice cheots in Greenland and Antarctica Lo melt or
discharge ice inlo veeans, and by depleting groundwater tabiles.

According to the Intergovernmental Panel on Climate Change, nising global temperatures are
responsible [or at least 2 to § inches of 3ea level rise, duo to thormal expansion of ocean water
and the retreat of mountain glaciers.

Betimates of future sen lavel rise. The amount by which sea level will rise will vary by location.
For the global average, it is projected that sca level will isc 20 inches by 2100 (6-38 inches). The

* amount by which sea level will risc will vary considerably for differcnt segments of the US coust

Hine. In somo cases local sca level riso will exceed the global averege, in other cases it will be
less than the global average. The following ure examples for 4 faw locations:

Location 2050 2100

Galveston. TX 1.5 feer 3 feot
Miami Beach, EL 9 inches 1.5 feet
Los Angcles, CA  6inches 1 foot
Boston, MA 1 foot 2 feet
Grand Isle, LA 2.5 teet 4.5 feot

‘Why i3 it & problem if sea level rises? Sealovel rise will huve a significant effect on the natural

cuvironment, infrasteucture in developed arcas, and on lacal econoriss, Whan wo apeak of
impacts to the natural eavironment, we are referring to coastal wetlands that will be unahle to
keep pace with rising gea level, resulting in overal loss in wetland areas, especially in developed
arens; Inss of hesches due to an increased rate of erosion and inundation: loss of sigmificant
habitat in wetlands, estusrics, coral reefs, bays, and wildemess; saltwater intrusion into
groundwater :nd upstrean movement of the salt-line in yusfuce water; aud incroasad esmarino

salinity that will reduce ciroulation and decreass the amount of flushing, resulting in an increass
in water poliutton.

[mpacts to infrastructure include damage o destruction of housing, resorts, and other cuastal
development; flooding of transportation facifiies such as bridges, railways, airports and murinas,
disruption of utilities for electricity, communication, water supply and scwer systetns; and loss of
culturel or historical assets guch as national parks, monuments and cemeteries.

Finally, the impacts to the local economy include the cost of prevention #nd protection (ot
natural and manmade environments; the cost of 1oss and damage to natural and menmade
environments dus to storm surge. flooding, srosion and inundation; and the logs of industry and

employment in tourism, local busincss, factorics, shipping and commercial fisheries.
Coastal wetlands, As the sea level rises, coastal wetlands will be disrupted in a number of ways.
These include inundation, erosion, and saltwater ntrusion. Ypecific changes include conversion

from one type of vegctation to another within particular wetlunds, or conversion of wetlands to
opon water, Logses of wetlands at specific gites along the coast will depend on the slope of the
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Jand throughout the wetland and adjacant dryland, and whether develoned areas lie bayond the
wetland limiting the vacant land necessary for new marsh to form.

There could be a substantial loss of coasta) wetlands in the United Stales. Wetlands along the
low-lying consts of the Scutheast from North Carolina in the Atlantic to Yexas in the Gulf of
Mexico are already subsiding duc to compression of estuarine or deltaic sedimenls by new laycrs
of sedimentary deposits. ‘I'hese arcas may be cither flooded or washed away us waler luvels rige.
About half of the 5.5 million acres of coastal wetlands that remain in the US are found along the
Gulf of Mexico, making the potential for loss great.

Salt water intrusion due to accelerated sea level rige will affect egtuarine systems in some areas

of the North Atlantic and Pacific Oceans, including Puget Sound, San Franeisco Bay, and
Tijuana Hetueary. .

wetlands along highly developed coasts, including much of the Atlantie cosat from Maryland to
Massachusetts, may become quite vulnerable to climate change because control structures such
as sea walls and bulkieads already form barriers to migration. Along undeveloped coasts, the

Zo10

land just above sea level ints which watlands could migrate is gonerally smaller than the area of - -

wetlands at risk from climate change.

Thus, much of the coastal wetlands may slowly shrink until they are eliminated ag the sea rises
and pushes them back to the flood-control structures already erected or to be constructed to
protect conslul propertics. -

The loss of coastal wetlands will have a significant effect on the human and naturd] envirviuent.

Coastal wetlands provide a variety of servicas, such as nursing grounds for many types of fish

and shellfish, a resting place for migratory birds, and natural eleansing of ground and surface
waters, Thesc serviees will bo diminished or eliminated. Coastal wetlands also protect inland
arcas from floods, storms and high tides, In many dsveloping nations, wetlands provide the only
affective barrier to surges from tropical storms.

Water resvurces. Climatc change will likely have significant impacts on watcr quality and

avallability. Precipitativn changes and increased evaporation can affoct water supplies, water
quality and drinking water, and watex uses (e.g., hydropower, irrigation, fisheries).\

It ie expected that climate change will laad to an intenaification of the hydrologic cy¢cls. Not only
is average global precipitation expected to increage, but the intensity of precipitation events will
also likely increase leading to more floods. Droughty are also likely to be more severe due to
increased evaporation and drier soils.

Although average global precipitation is expected to increase, thara will he a regional “texture"
to precipitation changes across the Ubited States. Average annual water supplies may decrcase
significantly for large arcas of the United States, resulting in lower levels in lakes, rivew, and
aquifers. This would alter flood and shore evosion patterns, impeir navigation, reduce
hydropower generation, restrict irrigation and munisipal water supplies, cause saltwaler intrusion
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into freshwater rivers and aquifers, and disrupt wetland and shore ecologies. The regions most
vulnerahle are the Great Bagin, California, Missouri, Arkansas, Texas Gulf, Rio Grande, and
Lower Colorado.

Changes in disease vectors. Infectious discases are still the lesring canse of death worldwide,
killing over 17 million people in 1995, including niné million young children. Vector-bome
diseasss {i.e., discases transmitted by insect “vectors” or small mammal “reservoir husty™)
account for a large proportion of these deaths. For example, there are 350 to 500 million new
cases of malaria annually; an cstimated two million people die from malaria each year, including
moro than one million children in Africa. While there are relatively faw cages of malaria in the
United States, recent locally-transmitted cases in New Jergey, New York, und Texas demaonstrate
the continued risk for transmission of this disease.

The geographic range and life-cycles of pathogens and vectors (e.g., mosquitoes) which transmit
discasc arc affected by climate. Many hislagieal orgenisma and processes that contribute to the
spread of infectious diseases are influenced by fluctuations in the weather, notably temperature,
precipitation, and hurnidity. Outbreaks of infectious diseascs (c.g., malaria, hantavirus, St. Louis
Encephalitis) have heen associated with specific weather patterns.

Frequently, outbreaks of infeutivus Jiseass ollow seasonal pattemna related to the Life cycle of

- discasc pathogens and vectors, (Mosquitoes, for example, are dormant during one stage of their

life cycle in order to survive winter or drought.) In this context, the projected rise in minimum
temperatures (i.9., at night and during winter) relative to increases in average glahal temperature
is of particulur concern. The increased warming expected in tamperate arcas, such as North
America, 2180 favors the spread of infectious diseases to higher lattudes and altitudes.

The IPCC concluded in its 1995 Second Assesstnent that climate change would, in aggregate,
increase the potential transmission of many vestor-bore diseases. In North America, climate
may become more suitable the northward spread of vector-bome infectious diseascs, with
potentially enhanced transmission dynamics duc to warmer ambient temperaturos, Conditions
suitable to the transmission of discases currently prevaleat ia the tropics (such as Dengus fever)
may become morc provalent in arcas of the southern U.S,, such a8 Texas. (For example, recent
worl by Fosks ct al. [1995] suggests that the number of weeks duting which weather conditions
would be suitable for the transmission of Dengus fever would increase in many U.S. cities as
average temperatures increase.) Other diseases, such as Rocky Mountain Spotted Fever (RMSF)
may decline in the southem U.S, due to the intolerance of the tick vector to high temperatures
and lower humidity. However, increased risk of both Lyme disease and RMSF, however, could
be expected to be found at higher latitudcs in Canada. :
While health-care infrastructure may prevent 2 large increasc in disoase cascs, climate change is
sxpected to impose incraasing demands and coats on the curvent puhlic health system.
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3. Q: What are other countries’ position on the climate change igsue? Other ORCD
countries? Are these countrles taking action to mitigate climate change”

A: Morte than 160 countries are participating in the ongoing negotiation for a new agreement
under the United Nations Framewerk Convention en Climate Change (F CCC). Itis possibleto
group country positions into scveral different oategories — although it must be recognized that
each country has specific and often different circumstances that may distinguizh it within its
group. Six groups are disenased here: the European Union; the “JUSCANZ™ group (including all
OECD countries not part of the EU); the EITs (countries with economics in transition to market
cconomies, including eastern Eurupe: and the Fermer Soviet Union); the Alliance of Small Inland
States (AOSIS); the OPEC group; the big developing countries (including China, India, and
Brazil), which strongly influence the positions of the developing country bloc.

EU With fifteen members states, the BU is often hard pressed to reach a consensus on some of
the diftioult 1ssues in the climate change debate. However, thay have announced their support for
a target of Annex I Parties of a 15 percent reduction iQ)2 omissions by 2010, and a 71/2 percent
reduction by 2005. Current data suggests that as a group, the BU will be close to renuning to
1590 lcvels by 2000, although this is largely the result of significant reduction hy Germany and
the UK; most other countries will individually exceed 1990 levels atthe end of the decade.
Nearly all countries have taken actions to reguce emissions; all have submitied thoir tirsl
communication, and nearly half ar¢ in the process or have completed their second national
communication detailing programs and policics that are being taken to mitigate climate change.
As a bluk, this group supports a logally binding targot, supports jomt implementation (although
only with countrics that have a binding cap), and supports including advanced developing
countrics (specifically Mexico and Kores) in Annex 1. They have argued that the ncxt atep

should foous on davalaped country action, and that only following such steps should developing
countries be obligated (o act.

YUSCANZ (including Canada, Japan, Australia, New Zealend, Iceland, Norway, Switzerland).
This group supports position closest 10 those of the United States. They have cudorsed ernissions
trading, and joint implementation (although with soma hesitation), they huve endorsed the notion
of a multi-year budget, and they have generally been supportive of action for developing
countrics (although Japan, Norway and $witzerland have beun reluctunt W push too hard on this
front). As & group, thess countrics anticipate their 2000 emissions will exceed thek 1990 levels
by more than 10 percent, snd each anticipates further growth unless new policies are initiated.
Both Norway und Switzerland have proposed legally binding caps on cmissgions st 10 perrent
below 1990 levels by 2020. This group of countries has also been the most vocal in support of
“differentiation,” in which countries would take different levels of commitments a8 & function of
national circomstances. For most, this means their own cireumstancas would dictate reduced
levels of commitments from the Annex [ average.

RITs This group of countries’ emissions will be substantially below 1990 levels in 2000, and are
not expected to retum to 1990 levels until approximately 2010. They anticipate having

emissions to “sell” under a trading rogime — and have been strong supporters of a trading regime.
These countries have supported maintaining the provisions in the FCCC that allow EITs some
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“flexibility” in implementing their obligations, arguing that their recovery from the collapse of
the early 1990°s will take time und is a privrity. Whilc as a group they are taking guma astions to
raduce emissions, most actions are in the nature of encrpy efficiency improvements, and not
actions specifically taken for climate chunge reasons.

AOSIS This group of 37 small island states and low lying coastal countrics has been a strong
supporter of stringent action (o ntgate climulo uhange. Threatencd by sca level rise, many of
these countries bave ntaximum elevations of less than 3 metecs above sea level However, in’
spitc of their strong rhetoxic, these countrics have nol supported daveloping country
coramitmonts, arguing that developed countries are reaponsibla for the problem and need to act
firat to find solutiona. This group has advocated the most stringent target so far proposed: a 20
percent reduction in CO2 emissions by Annex 1 Partles below 1990 levels by 2005, They have
opposed joint implementation, and have been ambivalent on the issue of emissions trading,
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OPEC Cancemed that cfforts to reduce global emigsions will lesd to 2 global reduction in the
aount.of oil consumed, these countries have opposed action w address climate change. They
have also introduced the concepts of a compenaation fund, in which countries harmed by climate
change mitigation efforts would be compensated for their economic hardship. To date, fow
sountries outgide of the OPEC group have supported thig proposal. These countries have taken
little action at home to reduce emissions, and none have yet released their first pational
communications detailing their greenhouse gas inventories. They biave opposcd joint
implementation and been silext on the issu¢ of emissions trading.

Big Devcloping Countrics Thoso countries ofu@v defining veiec for the davalaping
COUDITY Caucus, in spite of protests from both AOSTS and OPEC. In spite of the projections of
climatc change which show significant damage to India, China and Brazil from significunt
climate change, these countries have long argued that efforts 1a solve the climatc change problem
are the gole responsibility of the developed world, which due to its large share of historic
emisstons, shuuld also take on the bulk of the mitigation effort. The group has opposed joint
implementation, been silent on cmissions trading, and beent adamantly opposed to any action by
developing countrics in the agreement in Kyolv. In spite of their rhetoric, maoy in tis group
have taken significant action to mitigate climate change. The United States has vndertaken
counlry stadics with China, and hug worked bitaterally with India and Brazil in their greenhouse
xas inventory work, and in the developrucit vl policics and mcasures to soduce emiasiona. While
emissions from each are anticipated to rise sabstantially as thoir economied grow, all have begun
10 move off the emissions intensive path predictsd without these afforts.

4. Q: What information Is avaflable on the impacts of joint implementation and emissions
trading on the costs of mitigating climate change? What is the Administration doing to
ensure that these cost-cffoctive options are includcd in 4oy agreement in Kyoto?

A: All economic analyses done to date mdicate a significant reduction In costs from the
(exibility provided in both emissions trading and joint implementation. Some analyses done
suggest that as much as 30 percent of the costs may be climinated if emissions trading is allowed,
and up W 70 petcent of the coats may be climinated if joint implementation is ullowed. Whilo
theso may be optimistic eatimates, they provide a strong rationale for including both ophans in
any agreotnent. Tt is in light of these kinds of analyses that the Administration has included both
in ite draft protoral, and that active diplomatic efforts are undarway to persuade other countries
to endotss these cost-saving approaches. A number of problems bave been identified with both
options — and it 1s addressing these voncens that has been the target of both our domestie and
international cffort, A number of projects in the U.S. Initiative on Joint [mplementation are
designed to address questions about “additionality” to insure that projects really produce
environmental rasults, and are not meraly repackaging of activities that would bave occurred
anyway. With respect to emissions wading, the United Statcs has sponsored or co-sponsored a
number of international workshopsa (o develup iwthudologies for cmissions trading, and to bring
together those with expertisc in trading programs (znany of which were developed in the United
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‘ States) with representatives of other countries seeking information. We anticipate that these
efforts will ultimately prove effective in hringimg an international consensus to our pruposals.

5. Q: Please describe the Administration’s efforts to scek input from the private sector, the
environmental comimunity, and other interested constltucncies in developing its climate
change policy.

A: The Administration has maintained 2 long standing offort to obtain the views of various
constitucneies duning the course of tha climate negotiations. Open meetings typically have been
Beld boil) before, during, and after major negotiating gessions to dizeusa relevant issues.
informal roundtables with both industry and environmentalisls have also been held prior to major
negotiating events. Within the pust two months, the President has been ditectly tnvolved in a
series of mestings with acientists, industry and environmental leaders (o discuss climate change.
Various Cabinet officials have also been meeting with 2 broad rango of constituéncy groups.

~a

Hrcongressionala/wirth q's & a's (summer 1997)/SFRC-Hagel & Kery Q&A.dos

91/9T1 'd T YALLIATWOYd NYHLS dQOL-0L €2-9T LG6T-L0-130



