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Statement of Rep. Henry A. Waxman 

Chairman, Health and the Environment Subcommittee

February 21,1991

This is our first environmental hearing of the 102nd Congress. 

It addresses an issue of first importance to the nation and the 

world -- global warming.

Since the industrial revolution began, we have steadily 

polluted the atmosphere with greenhouse gases. This pollution 

has changed the earth’s atmosphere. Global warming is now a 

certainty.

For the last two years, I have waited to learn what our 

’’environmental President” plans to do to reverse global warming. 

I did not join those who accused him of stalling. I did not 

question his sincerity. Instead, I gave President Bush the benefit 

of every doubt.



I remembered his promise in 1988 to fight the greenhouse 

effect with ’’the White House effect” and his promise in 1989 to 

take ’’decisive action” to limit emissions of carbon dioxide. I 

remembered Secretary Baker’s pledge ’’not to wait until all the 

uncertainties have been resolved.” I remembered that just last 

month EPA Administrator Bill Reilly called global warming the 

’’greatest” environmental threat facing the country.

And I hoped and expected to see these commitments 

reflected in the President’s global warming policy.

But now it seems that the hopeful promises have been broken.

This month, President Bush has taken three actions that 

define his response to global warming. He has announced a 

global warming ’’action plan.” He has given marching orders to 

his negotiators in the United Nations’ negotiations on climate 

change. And he has sent Congress a national energy strategy. 

We will concentrate on the details of these three actions in this 

hearing.



Unfortunately, these three actions do essentially nothing that 

is not already mandated by law to alleviate global warming.

Global warming cannot be controlled without limiting 

emissions of the principal greenhouse gas -- carbon dioxide.

Carbon dioxide causes over half of the predicted global warming, 

and it is currently totally unregulated. That is why the rest of the 

industrialized world has pledged to stabilize or reduce emissions 

of carbon dioxide.

But what is the President’s policy on carbon dioxide 

emissions? By the Administration’s own reckoning, the policies 

that we will hear described today allow carbon dioxide emissions 

to rise by 15% by 2000. In other words, we are moving in exactly 

the wrong direction - we are increasing, not decreasing, carbon 

dioxide emissions.

We will also hear today about the impacts of global warming 

from two panels of scientific experts. Their testimony is 

sobering.



As our expert witnesses will explain, we now know that the 

continued release of carbon dioxide, and other greenhouse gases 

such as methane and nitrous oxide, will change our planet’s 

climate. Like the glass panes in a greenhouse, these gases allow 

the sun’s warming rays to reach the earth, but then absorb the 

radiative heat that the earth releases. Higher temperatures 

inevitably follow.

The experts will also explain that there is scientific consensus 

that by the end of next century will see warming of 1.5 to 4.5 

degrees Centigrade. This is an unprecedented rate of warming -- 

and it will occur thousands of times faster than any previous 

global temperature changes. While we cannot yet be certain of 

how we will be affected by such a rapid warming, the range of 

likely impacts is quite broad and quite dramatic. It includes; 

drought; rising sea levels and coastal flooding; loss of drinking 

water supplies; disruption of agriculture; direct health problems, 

such as heat strokes and heart attacks; increases in infectious 

diseases transmitted by insects; and potentially devastating 

impacts on ecosystems.



Perhaps most alarming, the testimony summarizes new 

research that raises new issues — and new fears -- concerning the 

consequences of global warming.

We will hear new testimony from Dr. Oppenheimer of the 

Environmental Defense Fund and Dr. Woodwell of the Woods 

Hole Research Center, who predict that global warming will 

increase biological respiration and decay. This is likely to cause 

natural carbon dioxide emissions to accelerate -- and ’’swamp 

human capacities at control in a short time.”

We will hear new testimony from Dr. Shope of Yale 

University, who warns that we may ’’confidently expect” global 

warming to cause large epidemics of dengue disease in the U.S. 

This disease is transmitted by tropical mosquitoes and is a major 

killer of children in cities like Manila, Bangkok, and Jakarta. It 

has no known vaccine.



We will hear new testimony from Dr. Kalkstein of the 

University of Delaware, who estimates that heat-related deaths 

are likely to increase threefold by the middle of the next 

century. He predicts that in my district in Los Angeles, 

heat-related death rates will probably increase from 84 to 824. In 

New York, he predicts, global warming will cause 880 deaths each 

year; in Philadelphia, 700; in Chicago, 622.

And we will hear new testimony from Dr. Park of the 

Holcomb Research Institute, who provides new estimates of the 

economic costs to the U.S. of rising sea levels. These costs are now 

calculated to be $275 to $400 billion - three times higher than 

previously thought. The shrimp fisheries in Texas, Louisiana, and 

Florida will be particularly hard-hit, suffering "catastrophic 

decreases.”



Our final panel will explore policy options for reversing 

climate change. We are fortunate to have with us today the lead 

author of the Congressional Office of Technology Assessment to 

discuss OTA’s recent report on policies for control of climate 

change, as well as key witnesses for the Alliance to Save Energy, 

the World Resources Institute, and the Natural Resources 

Defense Council.

These policy experts tell us that there is a lot we could do to 

reduce carbon dioxide emissions. Many of the most important 

measures increase energy conservation and would actually reduce 

economic costs. One measure -- increasing the energy efficiency 

of buildings -- can cut carbon dioxide emissions by over 5% and 

save $25 to $50 billion dollars a year in energy costs. The cost 

savings from this measure alone are sufficient to more than 

offset the entire costs of last year’s Clean Air Act.

I want to thank all of our witnesses for joining us here this

mormng.
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ADMDnSTRATIOH CONSISTEHT: MISGUIDED IH EHBRGT, GLOBAL EHVIRONMEHT 
Critical Opportunities Missed In Hat’l Strategy, Int*l Talks

WASHINGTON — Misguided Bush Administration policies slowing 
action on an international agreement to confront global warming 
and backstepping on efforts to increase energy efficiency 
represent critical opportunities missed, said Sen. A1 Gore, D-TN.

•There’s a consistency to their policy! they are 
consistently moving in the wrong direction, it doesn’t make sense. 
When the Bush Administration ought to be providing leadership, 
they’re scrambling to take up the rear. When they ought to be 
thinking about the future, they’re living in the past,* said Gore, 
in testimony to the House Energy and Commerce Committee’s 
Subcommittee on Health and the Environment.

Gore said the Bush Administration’s footdragging prevented 
real progress on substantive issues at the first round of 
international negotiations to craft an agreement aimed at 
preventing global climate change. Those negotiations were 
conducted February 4 - 14 in Chantilly, VA.

■The United States could have made a big difference.
Instead, our representatives encouraged little more than 
procedural discussions. We shouldn’t have been talking about the 
shape of the negotiating table, we should have been talking about 
substantive steps that could reduce the pollution that creates the 
greenhouse effect,* said Gore, chairman of the Senate Commerce 
Committee Subcommittee on Science, Technology, and Space.

Gore said it was ironic that while representatives of more 
than 100 nations were meeting in Chantilly to discuss policies 
that would reduce the burning of fossil fuels and the greenhouse 
gas emissions they produce, the Bush Adaiinistratlon’s National 
Energy Strategy was revealed, proposing increased reliance on 
these fuels.

•We should instead be focusing on how we can make more 
efficient use of our energy. How we can save money and save our

(MORE)
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environment from pollution. We should be focusing on development 
of new, renewable sources of energy and on conservation," said 
Gore. ’The Administration’s thinking is backwards."

"For example, instead of improving the energy efficiency of 
lighting and appliances, the Bush Energy Strategy would simply 
label the energy efficiency of certain appliances and lights -- 
something that’s already done," said Gore.

"At t.he Chantilly talks, they wanted the world to believe 
they were committing to real reductions in greenhouse gases. In­
tact, they were relying on an existing policy targeted at another 
problem tc take credit for one year of stabilized emissions. It 
was a sham," said Gore.

"Clearly, we need to move forward. It will be Congress that 
will provide the energy policy we need. And, in the international 
negotiations, it is my hope that the U.S. will change course and 
pick up the pace," said Gore.
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Thank you, Mr. Chairman. I am Robert A. Reinstein, the 

Deputy Assistant Secretary of State for Environment, Health 

and Natural Resources. I am also the United States negotiator 

for the proposed Framework Convention on Climate Change. On 

behalf of the Administration, I am presenting testimony that 

has been developed in consultation with all relevant 

agencies. Appearing with me are Mark L. Kerrigan, Associate ‘ 

Deputy Under Secretary for Policy, Planning and Analysis at 

the Department of Energy, and Richard D. Morgenstern, Director 

of Policy Analysis at the Environmental Protection Agency.

It is a pleasure to appear before this subcommittee to 

discuss the negotiations on a framework convention on climate 

change. I would like to discuss briefly with you the results 

of the negotiating session that just ended, the timetable for 

future sessions and the overall U.S. position in these 

negotiations. In so doing, I will also touch on the National 

Energy Strategy (NES) and the contribution that it can make to 

addressing climate change.

Results of the First Session

At President Bush's invitation, the United States hosted 

the first session of these negotiations on February 4-14 just 

outside of Washington, DC- One hundred and one countries from
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every region of the world and representatives from over 20 

international organizations, representing both developing and 

industrialized nations, participated in this session. 

Consistent with the open process that we sought, 68 non­

governmental organizations (NGOs) also participated and will 

be able to provide input throughout the negotiations.

Not content with merely hosting the first session, we 

entered these negotiations eager to move the discussion 

forward substantively. We had hoped to develop a draft 

negotiating text during this session, although we expected 

that such a draft text would have numerous brackets reflecting 

the differences in positions to be expected at the start of 

any negotiations. Compiling a bracketed text would have 

clarified the initial negotiating positions of the various 

parties, thus facilitating the negotiations in subsequent 

sessions. Towards this end, we distributed a number of 

documents explaining the U.S. perspective on the contents of a 

framework convention. Unfortunately, however, resolution of 

procedural matters left no time for consideration of 

substantive proposals at the first session. The difficulty in 

resolving even procedural issues indicates the complexity of 

this subject and the importance many countries, including the 

United States, attach to it.
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We are confident, nonetheless, that the organization and 

procedures on which we agreed in this session will pave the 

way for steady, substantive progress in the sessions to follow:

• We agreed to organize two working groups, one which will 

consider all sources and sinks of all greenhouse gases, 

and one which will consider mechanisms of implementation 

of the convention. This structure will provide for a 

comprehensive discussion of the issues and will provide 

for full consideration of the concerns common to the 

negotiating parties.

• We adopted on Rules of Procedure which emphasize decision 

making by consensus and which will, as I have mentioned, 

allow NGOs to play a viable role in the negotiations. The 

United States was a forceful advocate of NGO participation.

• We also discussed ways to increase the participation of 

developing countries. These negotiations, and any 

long-term response to climate change, will be effective 

only if the broadest spectrum of nations participates.

The United States was the first country to contribute to a 

voluntary trust fund established to support the 

participation of developing countries. The number of 

developing countries participating should increase in 

later sessions and they should now be able to send experts 

from their capitals.

• Working with other nations, the United States helped to
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produce an informal paper outlining the scientific, 

technical and economic research needs which the convention 

should address. This exchange of views should make it 

easier to conclude these sections of the convention at a 

later stage in the negotiations.

• We also reached agreement on the important role the

Intergovernmental Panel on Climate Change (IPCC) will pla'y 

in responding to the technical needs of the negotiations. 

With this mandate, the IPCC will be in a position to 

provide information and resolve questions of a technical 

nature during the negotiations.

Perhaps most importantly, we have laid the foundation for 

a cooperative relationship with other national delegations 

which will help to move the process along and will facilitate 

positive consideration of our position.

Next Sessions

This session was the first of four or five sessions of the 

negotiations established under the auspices of the United 

Nations General Assembly by Resolution 45/212 on the 

"Protection of Global Climate for Present and Future 

Generations." The next session is tentatively scheduled for 

the first two weeks of June in Nairobi. Following that
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session, we will meet in September, again in December, and in 

1992, as necessary. The goal, as articulated in 45/212, is to 

complete the negotiations so that the framework convention 

will be opened for signature during the UN Conference on 

Environment and Development in June 1992 in Brazil.

The U.S. View on the Negotiations

The United States is approaching these negotiations with 

several principles in mind — principles which are key to an 

effective convention and global response to climate change:

• First, we believe we must take a comprehensive approach to 

climate change, one which considers all aspects of this 

complex issue and which addresses all greenhouse gases and 

their sources and sinks;

• Second, we must not wait for all uncertainties to be 

resolved, but must pursue economically efficient and 

cost-effective actions - already justified on other 

grounds - which will limit net greenhouse gas emissions;

• Third, we must continue to pursue aggressively scientific 

and economic research; systematic observation; collection, 

archiving and distribution of information; and technology 

development in order to resolve uncertainties and build a 

solid foundation for innovative responses;

*• Fourth, we must recognize the special needs of the
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developing countries and design mechanisms for assisting 

them in securing the scientific and technical tools 

necessary for their fullest participation in a truly 

global effort.

• Fifth, any response must be global. Emissions from 

developing countries are growing rapidly. Action by 

industrialized nations alone would be ineffective at 

restraining emissions. We must also be sensitive to the 

ways in which different commitments could affect the 

competitive position of both developing and industrialized 

nations. An effective response will require that all 

nations participate and meet obligations that are 

appropriate to their circumstances.

The United States will seek to translate these principles 

into an innovative and effective framework convention that 

will engage all nations in a concerted international response 

to climate change.

A Comprehensive Approach to Climate Change

The United States strongly supports a comprehensive 

approach, one which considers all sources and sinks of all 

greenhouse gases, for a number of reasons. This approach 

provides the flexibility needed for each nation to address
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climate change in the context of its unique circumstances. A 

comprehensive approach also ensures that research and 

technology development address all facets of the problem. 

Further, a comprehensive approach will ensure that we take 

advantage of the most cost-effective opportunities to address 

climate change across the range of sources and sinks of all 

greenhouse gases. The comprehensive approach accounts for all 

activities that emit or absorb greenhouse gases and avoids 

creating incentives that shift emissions from one type of gas 

or sector to another, as we know from experience can happen 

with narrowly focussed approaches. A comprehensive approach 

would allow each nation the flexibility to choose its best mix 

of response measures. Accordingly, the framework convention, 

and any subsequent legal instruments, must be comprehensive 

and deal with the full array of greenhouse gases and their 

sources and sinks. In addition, the IPCC First Assessment 

Report notes that both limitation and adaptation must be 

considered as part of an integrated response.

During the first session, the United States distributed a 

booklet and led an informal discussion on the comprehensive 

approach. We will continue this effort to engage in open 

dialogue with the international community about the rationale 

and implications of this approach.
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Arhions that are Justified in Their Own Right

The United States is already taking concrete measures that 

are justified in their own right, but that also have climate 

change benefits. As outlined in the brochure "America's 

Climate Change Strategy: An Action Agenda" which we 

distributed at the first session, this strategy will result iTi 

net U.S. greenhouse gas emissions in the year 2000 being equal 

to or below the 1987 level. These actions include:

• Phasing out chlorofluorocarbons (CFCs) and other ozone 

depleting compounds that are also greenhouse gases faster 

than required by the Montreal Protocol;

• Encouraging energy efficiency and reducing greenhouse gas 

emissions by capping sulfur dioxide emissions at 

substantially reduced levels while allowing utilities the 

flexibility to meet this cap in the most economically 

efficient manner possible;

• Reducing air pollutants which are greenhouse gases or 

greenhouse gas precursors, such as volatile organic 

compounds and methane;

• Initiating a program to plant a billion trees a year;

• Speeding the adoption of energy efficient technologies and 

practices in homes and businesses; and

• Promoting the use of, and research into, non-fossil fuel 

energy sources.
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Role of the National Energy Strategy

The National Energy Strategy, echoing the recommendations 

of the IPCC, includes a number of actions that, although taken 

principally for other energy related reasons, will have 

significant environmental benefits, including curbing the 

buildup of future U.S. emissions of greenhouse gases. The 

strategy includes actions that provide cost-effective 

alternatives to burning fossil fuels for generating 

electricity and more efficient and alternative-fuel vehicles 

that will reduce greenhouse gases produced from transportation 

emissions.

Many of these NES actions are in addition to those 

described initially in the brochure "America's Climate Change 

Strategy: An Action Agenda." We believe that the United 

States climate change strategy must be flexible and capable of 

being modified as scientific and economic knowledge about 

climate change and potential responses is improved.

If, no actions were taken, emissions in the United States, 

from one important greenhouse gas, CO2, sre projected to grow 

by 80 percent by the year 2030, according to one part of the 

NES scenario. Likewise, emissions of other greenhouse gases, 

such as methane, nitrous oxides and carbon monoxide, projected
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to grow as well. This growth would occur for the most part 

due to increased coal use for electricity generation and due 

to growth in auto emissions. While there is always 

uncertainty regarding future projections, without the NES, 

greenhouse gas emissions, as measured in terms of global 

warming potential, are likely to increase by over 2.82 billion 

tons of CO2 equivalents. This would be a 38.4 percent 

increase over the 1990 levels by 2030.

Collectively, the NES actions will not only reduce our oil 

vulnerability, make the United States more energy efficient 

and increase our electricity supply options, but will also 

reduce the emissions of major greenhouse gases from what would 

otherwise occur:

• Based on the NES scenario, actions as a result of the 

strategy and current Administration programs will reduce 

the rate of growth of carbon dioxide and carbon monoxide 

emissions. These are key greenhouse gases related to 

energy use, in particular to combustion of fossil fuels. 

After 2015, increased use of alternative fuels, energy 

efficiency, renewable and nuclear energy will result in 

these emissions leveling off and. remaining stable through 

2030 .
• NES actions, as well as EPA’s regulations controlling 

methane from landfills, will reduce methane emissions
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below current levels through 2015- Further, after 2015 

annual methane emissions from energy sources will continue 

to decline.

* Nitrogen oxide and volatile organic compounds, precursors 

to tropospheric ozone that could lead to potential 

warming, are held to levels that are about the same or 

below the 1990 levels and decline from 2015 to 2030.

When all greenhouse gases are considered in terms of 

global warming potential, the National Energy Strategy, 

coupled with the existing Administration programs described in 

"America's Climate Change Strategy," will substantially curb 

the growth in these gases beyond the year 2000. The NES will 

allow us to hold emission levels within a range that is close 

to current levels well into the foreseeable future.

Consistent with our Climate Change Strategy and the NES, 

the framework convention could commit all nations to develop 

similar national strategies, emphasizing attention to actions 

that are warranted for other reasons and that also limit net 

greenhouse gas emissions. In light of the remaining 

uncertainties on global climate change and its effects, a 

global response of this nature will provide a realistic, 

prudent and cost-effective framework under which all countries 

can begin to implement measures with climate change benefits.
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At the same time, it recognizes that the appropriate measures 

available to different countries will vary depending on their 

social, environmental, and economic circumstances.

Research and Systematic Observation

Research and systematic observation are essential to 

improving our understanding of climate change and helping us 

to tailor responses that are appropriate, efficient, 

effective, and sustainable over the long term. Research can 

also provide the needed energy-efficient technologies that are 

both economic and environmentally beneficial. For our part, 

we are pursuing a $2 billion program of global change research 

and energy technology development that will provide the tools 

for devising innovative, long-term responses. Consistent with 

our own actions, the United States put forward an informal 

paper at the outset of the first session outlining a strong 

program of scientific and economic research and systematic 

observation that the framework convention could provide.

Implementation Issues

There are many other specific issues that must be 

addressed prominently in the framework convention. With 

regard to the developing countries, we recognize their desires
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and aspirations for economic growth. It is essential for 

developing countries to participate in any response to climate 

change in a manner that recognizes both their development 

needs and the greenhouse gas implications of such 

development. Thus, the framework convention should include a 

general commitment to promote financial assistance to 

developing countries to study and address climate change. 

Existing bilateral and multilateral financial-assistance 

mechanisms and, in particular, the newly established Global 

Environmental Facility in the World Bank are the appropriate 

mechanisms for providing such assistance.

Technology transfer is essential to any effective global 

response and there are many existing low-cost, effective 

technologies that can be transferred now. We stated in the 

first session our willingness to explore such ideas as energy 

efficiency centers and agricultural and forestry demonstration 

projects, as well as facilitating industry joint ventures with 

other countries to promote available technologies. 

Implementation of these concepts will need to be considered, 

of course, in the context of specific commitments to action. 

Special efforts will need to be made to match appropriate 

technologies to needs.

Over the long term, new technologies will play an
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increasingly important role in the response to climate 

change. Many of these technologies are still only ideas, or 

must undergo further development to become technologically and 

economically feasible. Therefore, the framework convention 

must provide the right incentives for continual research, 

development, and dissemination of relevant technologies.

Since the private sector researches, develops and disseminate's 

new technology most effectively, the framework convention 

should seek to remove barriers to effective commercial 

development and transfer of technology and should ensure that 

intellectual property rights are fully protected so as to 

provide the incentives necessary for continual development of 

new technology.

We should also discuss ways to transfer the knowledge 

necessary to understand, plan for and address climate change. 

The United States has traditionally provided a great deal of 

technical assistance in dealing with specific environmental 

problems, developing environmental institutions, and 

conducting country studies. During the first session, 

therefore, we stated that we are prepared to undertake, in 

cooperation with other nations, specific country studies to 

define appropriate technologies to reduce greenhouse gases.

The NGO community, including the business community, also has 

an important role to play in this regard.
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Conclusion

Mr. Chairman, procedural matters prevented us from 

developing a draft negotiating text during this first session, 

as we had hoped. Nonetheless, we agreed on a negotiating 

process which will promote an expeditious, open and unbiased 

discussion of the issues surrounding climate change. In the' 

sessions that follow, the United States will continue to seek 

a framework agreement that is comprehensive, that recognizes 

the value of actions which help to address climate change and 

are justified on other grounds, that provides for a strong 

scientific and economic research program, and that recognizes 

the special needs of the developing countries. Rest assured 

that the United States will make every effort to conclude such 

an agreement before the June 1992 target date that we have 

endorsed. Such a convention is the crucial first step in what 

the United States realizes must be a sustained and long-term 

effort to address climate change.

Mr. Chairman, let me thank you again for the opportunity 

to appear before this subcommittee. My colleagues and I would 

be happy to answer any questions that you might have.
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Statement of 
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Earth Science and Applications Division 

Office of Space Science and Applications 

National Aeronautics and Space Administration 

before the
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Mr. Chairman and Members of the Subcommittee:

I am pleased to be here today to discuss the international Scientific Assessment of Climate 
Change and fhe Assessment of the Potential Impacts of Climate Change, conducted under the 
auspices of Working Groups I and II, respectively, of the Intergovernmental Panel on Climate 
Change (IPCC), which was sponsored by the World Meteorological Organization (WMO) and the 
United Nations Environment Programme(UNEP).

This testimony will briefly present the background, participation, scope, review process, 
assessment outline, relation to policy, and executive summaries of the IPCC scientific and impacts 
assessments (the executive summaries presented in the Appendix to this testimony are verbatim 
from the IPCC assessments).

The dramatic rise in world population and industrial activities during the last century have 
produced the concern that human activities are affecting the global environment. In particular, one 
global environment change that may effect both human well being and the quality of life is global 
warming caused by increasing atmospheric concentrations of radiatively active trace gases such as 
carton dioxide, methane, nitrous oxide, chlorofluorocartons and tropospheric ozone. This 
environmental issue is no longer the sole concern of the scientific community and environmental 
groups, and its importance has now been recognized by governments around the world. The 
current interest in the global wanning issue has resulted in the endorsement, at the highest levels of 
governments, for comprehensive scientific, technical and economic assessments to be performed. 
The IPCC assessments were conducted in response to the need for such assessments.

Background

The World Meteorological Organization (WMO) and the United Nations Environment 
Programme (UNEP) sponsored the Intergovernmental Panel on Climate Change (IPCC) to 
produce an international, state-of-the-knowledge review of climate change. There are three 
companion IPCC assessments: (i) scientific assessment of climate change, (ii) potential impacts of 
climate change, and (iii) formulation of response strategies. These three assessments were 
accompanied by a report of the IPCC specif committee on the participation of developing



countries. The IPCC assigned lead responsibilities for the preparation of the three assessment 
reports as follows: (i) Science - United Kingdom; (ii) Impacts - USSR; and (iii) Response 
Strategies - USA. Each assessment is accompanied by a Policymakers Summary and an Executive 
Summary directed to government officials.

The first assessment report of the IPCC consists of: (i) an overview document, which 
brings together material from the four Policymakers Summaries; (ii) the Policymakers Summaries 
of the three assessments (Science, Impacts, and Response Strategies) and the Special Committee 
on the Participation of Developing Countries; and (iii) the reports of the working groups.

The scientific and impacts assessments of climate change are peer-reviewed scientific 
documents written by the best scientists available throughout the world. The scientific and impact 
assessments were completed, and their executive summaries released to the public, during May and 
June, 1990, respectively. The policymakers summaries and the main assessments were delivered 
to the IPCC secretariat during June, 1990.

Participants

The science assessment was chaired by Dr. J. Houghton, of the British Meteorological 
Office, and prepared and by about 250 of the leading scientists from around the world with an 
additional, comparable number responsible for the peer review. The assessment was coordinated, 
and initial drafts of the policymakers summary and its executive summary prepared, by a small 
core team of scientists at Bracknell, UK (I was a member of this team). The lead authors were 
selected by the IPCC Science Working Group (Working Group 1), and were responsible for the 
preparation of their sections. Daniel Albritton (NOAA) and I were the U. S. representatives on the 
IPCC Science Working Group on behalf of the Committee on Earth and Environmental Sciences 
(CEES).

The impacts assessment was chaired by Prof. Y. Izrael of the USSR State Committee for 
Hydrometeorology, co-chaired by Dfs M. Hashimoto (Japan) and W. Tegart (Australia), prepared 
by about 175 scientists from around the world, and peer-reviewed by an additional, comparable 
number of scientists. The chairmen and lead authors of each chapter were selected by the IPCC 
Impacts Working Group (Working Group 2), and were responsible for the preparation of their 
chapters. Alan Hecht (EPA) was the U. S. representative on the IPCC Impacts Working Group.

Scope of the Scientific and Impacts Assessments

The main features of the Scientific and Impacts Assessment of Climate Change are the
following:

o A special emphasis throughout both assessments on the identification of gaps in the 
knowledge and an attempt to better quantify uncertainties.

o Scientific Assessment: Its scope encompassed the full climate change phenomenon, 
namely: climate forcing agents; processes involved in climate change; climate model 
formulation; tests of climate models; simulation of past climate changes; predictions of 
future climate; past climate record; and physical (sea level) and biological responses to 
climate change.

o Impacts Assessment: Its scope encompassed the full range of potential impacts of climate 
change, namely: natural and managed (agriculture and forestry) terrestrial ecosystems;



hydrology and water resources; oceans, including coastal zones; cryosphere; industrial 
sectors; human settlements; and human health.

Review Process

The scientific and impacts assessments were subjected to several levels of peer review.
The assessments (the main assessments, their policymakers summaries and their executive 
summaries) were peer reviewed both formally and informally by the international scientific 
community. These reviews were followed by an intergovernmental review of the policymakers 
summaries and their executive summaries to ensure consistency between the main assessments and 
the summaries.

Outline of Assessments

Scientific Assessment (Working Group I).

Section 1. 

Lead Authors:

Greenhouse Gases and Aerosols

Watson (TJSAl. Siegenthaler (Switzerland), Oeschger (Switzerland), and 
Rodhe (Sweden).

Section 2. 

Lead Authors:

Section 3. 

Lead Authors:

Relative Importance of Climate Forcing Agencies

Shine (UK). Morcrette (France), Derwent (UK), and Wuebbles (USA).

Processes and Modelling 

Cubasch CFRG') and Cess (USA).

Section 4.

Lead Authors:

Section 5.

Lead Authors:

Section 6.

Lead Authors:

Section 7.

Lead Authors:

Validation of Climate Models

Gates (USAl. Rowntree (UK), and Zeng (PRC).

Equilibrium Climate Change

Mitchell fUKl. Tokioka (Japan), Manabe (USA), and Meleshko (USSR).

Time-Dependent Greenhouse-Gas-induced Climate Change 

Bretherton (USA). Bryan (USA) and Woods (UK).

Observed Climate Variations and Change

Folland (USA). Karl (USA), and Vinnikov (USSR).



Section 8.

Lead Authors:

Section 9.

Lead Authors:

Section 10.

Lead Authors:

Section 11.

Lead Authors:

Annex

Coordinators

Detection of the Greenhouse Effect in the Observations 

Wiglev (UK') and Barnett USA).

Sea Level Rise

Warrick (UK) and Oerlemans (Netherlands).

Effects on Ecosystems

Melillo (USAl. Salati (Brazil), Sinha (India), and Woodward (UK).

Narrowing the Uncertainties

McBean (Canada) and McCarthy (USA)

Climatic Consequences of Emissions 

Jenkins(UK) and Derwent (UK)

Impacts Assessment (Working Group II). 

Chapter 1. Scenarios used in the Report

Chapter 2.

Chairmen:

Chapter 3.

Chairmen.

Chapter 4.

Chairmen.

Chapter 5.

Agriculture and Forestry

Parry (UK), Mendzhulin (USSR), and Sinha (India)

Natural Terrestrial Ecosystems 

Street (Canada) and Semenov (USSR)

Hydrology and Water Resources

Shiklomanov (USSR), Lins (USA), Stakhiv (USA), and Mostefa-Kara 
(Morrocco)

Human Settlement; the Energy, Transport, and Industrial 
Sectors; Human Health; Air Quality; and Changes in 
Ultraviolet-B Radiation

Chairmen: Hashimoto (Japan), Styrikovich (USSR), and Nishioka (Japan)



Chapter 6.

Chairmen:

World Oceans and Coastal Zones 

Tysban (USSR), Everett (USA), and Titus (USA)

Chapter 7.

Chairmen:

Seasonal Snow Cover, Ice and Permafrost 

Street (Canada) and Melnikov (USSR)

Relation to Policy

While the assessments are scientific documents, their value to decisionmakers will be 
considerable. The reasons for this are severalfold:

o They are strong single concise statements from the scientific community.

In the assessments, major representatives of the scientific community spoke at one time and 
one place regarding the knowns and unknowns of climate change, including global 
warming, and the potential impacts of climate change. The assessments can, therefore, be 
a common reference point for decisionmakers, in contrast to sporadic and separate 
statements reflecting the opinions of individuals.

o They are international assessments.
« All nations now have a common basis of scientific input for their decision making, 

as opposed to only several national statements.

o The scope of the assessments was comprehensive.

The assessments provide decisionmakers with homogeneous summaries of the current 
scientific understanding of the whole climate change phenomenon and potential impacts, 
ranging from the causes of change to the physical and biological responses to that change. 
This is likely to be be more useful than separate reviews of components of the phenomenon 
done at different times and perhaps for different purposes.

o Both natural and human-induced climate change were considered.

In contrast to considering only the potential perturbation of climate by human activities, the 
assessments placed predicted change, and potential impacts, in the context of the observed 
and predicted changes that are a namral part of the climate system. The comparison of the 
two affords immediate and straightforward insight into the significance of any predicted 
human-induced perturbations.

o The focus on identifying gaps in the knowledge and quantifying uncertainties will aid risk 
analysis.

The difference between (a) "The predicted range of possibilities is from X to Z, with a best 
estimate of Y" and (b) "The prediction is Y" is, with regard to decision making, a highly 
relevant difference, since the first statement explicitly reflects the existence of uncertainties 
in the prediction.



Conclusions and Response to Specific Questions

I believe that the IPCC scientific and impacts assessments represent strong, concise 
statements from the majority of the international scientific community, and that they will provide 
the required scientific basis for both national and international policy formulation.

The scientific assessment recognizes that while there are many uncertainties in our scientific 
knowledge, particularly with respect to our ability to predict the magnitude, timing, and regional 
patterns of climate change, human activities are causing the atmospheric concentrations of 
greenhouse gases to increase, particularly carbon dioxide, methane, the chlorofluorocarbons, and 
nitrous oxide; that these increases will enhance the greenhouse effect, resulting on average in an 
additional warming of the Earth's surface; that current models predict that with the IPCC "business 
as usual" scenario (scenario A) of future trace gas emissions that the Earth's global mean 
temperature is likely to increase at a rate of between 0.2 to 0.5 degrees centigrade per decade; and 
that a warmer world will act to increase, rather than decrease, greenhouse gas concentrations 
(however, it should be noted that the feedback processes between climate and greenhouse gas 
concentrations are poorly understood). The assessment also noted that while the Earth's global 
mean temperature has increased between 0.3 and 0.6 degrees centigrade over the last 100 years, 
that this observed increase cannot be used to either validate or invalidate the "global warming" 
hypothesis, because while the magnitude of the observed warming is broadly consistent with the 
predicted global warming due to the increased concentrations of greenhouse gases, it is also 
comparable to natural variability.

The scientific assessment noted that atmospheric concentrations of the long-lived gases 
(carbon dioxide, nitrous oxide and the CTCs) adjust only slowly to changes in emissions. 
Continued emissions of these gases at present rates would commit us to increased concentrations 
for decades to centuries. The longer emissions continue to increase at present rates, the greater the 
reductions would have to be in order for concentrations to stabilize at a given level. The long-lived 
gases would require immediate reductions in emissions from human activities of over 60% to 
stabilize their concentrations at today's levels; methane would require a 15 - 20% reduction.

The key scientific uncertainties are associated with the sources and sinks of greenhouse 
gases, clouds, oceans, polar ice sheets, land-surface hydrology, and ecological systems. The 
President's FY 1992 U.S. Global Change Research Program (USGCRP) responds to these 
uncertainties identified by the IPCC by adopting four high priority Integrating Themes for FY 
1992: (i) Climate Modeling and Prediction; (ii) Global Water and Energy Cycles; (iii) Global 
Carbon Cycle; and (iv) Ecological Systems and Population Dynamics. The Integrating Themes 
allow the USGCTRP to focus the collective efforts of government and academic scientists, in 
collaboration with scientists from other countries, on high priority multi-disciplinary investigations 
in order to:

- Develop an improved predictive capability of the Earth as a coupled system with 
enhanc^ regional resolution;

- Improve the understanding of the water and energy cycles by focussing on the role of 
clouds, oceans, terrestrial ecosystems, and changes in sea level;

- Improve the understanding of the carbon cycle by quantifying sources and sinks, the 
processes that control them, and how the processes may influence and be influenced by 
global change;

- Improve the capacity to assess the effects of global change at regional scales on 
intensively managed and unmanaged terrestrial and oceanic ecosystems.



APPENDIX 

PART I:

Executive Summary from Working Group I 
(verbatim from the IPCC assessment).

We are certain of the following:

o there is a natural greenhouse effect which already keeps the Earth warmer than it would 
otherwise be.

o emissions resulting from human activities are substantially increasing the atmospheric
concentrations of the greenhouse gases: carbon dioxide, methane, the chlorofluorocarbons 
pd nitrous oxide. These increases will enhance the greenhouse effect, resulting on average 
in an adthtional warming of the Earth's surface. The greenhouse gas, water vapor, will 
increase in response to global warming and further enhance it.

We calculate with confidence that:

o some gases are potentially more effective than others at changing climate, and their relative 
effectiveness can be estimated. Carbon dioxide has been responsible for over half the 
enhanced greenhouse effect in the past and is likely to remain so in the future.

o atmospheric concentrations of the long-lived gases (carbon dioxide, nitrous oxide and the 
CFCs) adjust only slowly to changes in emissions. Continued emissions of these gases at 
iresent rates would commit us to increased concentrations for decades to centuries. The 
onger emissions continue to increase at present day rates, the greater reductions would 

have to be for concentrations to stabilize at a given level.

o the long-lived gases would require immediate reductions in emissions from human
activities of over 60% to stabihze their concentrations at today's levels; methane would 
require a 15 - 20% reduction.

Based on current models, we predict:

o under the IPCC Business-as-Usual (scenario A) emissions of greenhouse gases, a rate of 
increase of global mean temperature during the next centtuy of about 0.3 degrees C per 
decade (with an uncertainty range of 0.2 to 0.5 degrees C per decade); this is greater than 
that seen over the past 10,000 years. This wiU result in a likely increase in global mean 
temperatures of about 1 degree C above the present value by 2025 and 3 degrees C before 
the end of the next century. The rise will not be steady because of the influence of other 
factors.

o under the other IPCC emission scenarios which assume progressively increasing levels of 
controls, rates of increase in global mean temperature of about 0.2 degrees C per decade 
(scenario B), just above 0.1 degree C per decade (scenario C) and about 0.1 degree per 
decade (scenario D).

o that land surfaces warm more rapidly than the ocean, and high northern latitudes warm 
more than the global mean in winter.



o regional climate changes different from the ^obal mean, although our confidence in the 
prediction of the detail of regional changes is low. For example, temperature increases in 
Southern Europe and central North America are predicted to be higher than the global 
mean, accompanied on average by reduced summer precipitation and soil moisture. There 
are less consistent predictions for the tropics and southern hemisphere.

o under the IPCC Business-as-Usual emissions scenario, an average rate of global mean sea 
level rise of about 6 cm per decade over the next century (with an uncertainty range of 3 - 
10 cin per decade), mainly due to thermal expansion of the oceans and the melting of some 
land ice. This amounts to a rise of about 20 cm in global mean sea level by 2030 and 65 cm 
by the end of the next century. There will be significant regional variations.

There are many uncertainties in our predictions, particularly with regard to the 
timing, magnitude, and regional patterns of climate change:

o sources and sinks of greenhouse gases, which affect predictions of future concentrations.

o clouds, which strongly influence the magnitude of climatic change,

o oceans, which influence the timing and patterns of climate change, and

o polar ice sheets, which affect predictions of sea level rise.

These processes are already partially understood, and we are confident that the uncertainties 
can be reduced by further research. However, the complexity of the system means that we cannot 
rule out surprises.

Our judgement is that:

o global-mean surface air temperature has increased by 0.3 to 0.6 degrees C over the last 100 
years, with five global-average warmest years being in the 1980s. Over the same period, 
global sea level has increased by 10 - 20 cm. These increases have not been smooth with 
time, nor uniform over the globe.

o the size of this warming is broadly consistent with predictions of climate models, but it is 
also of the same magnitude as natural climate variability. Thus, the observed increase 
could be largely due to this natural variability; alternately, this variability and other human 
factors could have offset a still larger human-induced greenhouse warming. The 
unequivocal detection of the enhanced greenhouse effect from observations is not likely for 
a decade or more.

o there is no firm evidence that climate has become more variable over the last few decades. 
However, with an increase in the mean temperanire, episodes of high temperatures will 
most likely become more frequent in the future and cold episodes less frequent.

o ecosystems effect climate and will be affected by a changing climate and by increasing 
carbon dioxide concentrations. Rapid changes in climate will change the composition of 
ecosystems; some systems will benefit, while others will be unable to migrate or adapt fast 
enough and may become extinct. Enhanced levels of carbon dioxide may increase 
productivity and efficiency of water use of vegetation. The effect of warming on biological 
processes, although poorly understood, may increase the atmospheric concentrations of 
natural greenhouse gases.



To improve our predictive capability, we need:

o to understand better the various climate-related processes, particularly those associated with 
clouds, oceans and the carbon cycle.

o to improve the systematic observations of climate-related variables on a global basis, and 
further investigate changes which took place in the past.

o

o

to develop improved models of the Earth's climate system.

to increase support for national and international research activities, especially in 
developing countries.

to facilitate international exchange of climate data.



PART II:

Executive Summary from Working Group II 
(verbatim from the IPCC assessment).

The IPCC Working Groups on scientific analysis (Working Group I), impacts (Working 
Group n) and response strategies (Working Group III) were established in November 1988 and 
)roceeded to work in parallel under instructions from IPCC. The responsibility of Working Group 
I is to describe the environmental and socioeconomic implications of possible climate changes 

over the next decades caused by increasing concentrations of greenhouse gases.

The report of Working Group II is based on the work of a number of subgroups, using 
independent studies which have used different methodologies. Based on the existing literature, the 
studies have used several scenarios to assess the potential impacts of climate change. These have 
the features of:

o an effective doubling of CO2 in the atmosphere between now and 2025 to 2050 for a 
"business-as-usual" scenario;

o a consequent increase of global mean temperature in the range of 1.5C to 40- 5°C;

o an unequal global distribution of this temperature increase, namely a smaller increase of
half the global mean in the tropical regions and a larger increase of twice the global mean in 
the polar regions; and

o a sea-level rise of about 0.3-0.5 m by 2050 and about 1 m by 2100, together with a rise in 
the temperature of the surface ocean layer of between 0.2^ and 2.50C.

These scenarios pre-date, but are in line with, the recent assessment of Working Group 1 
which, for a "business-as-usual" scenario (scenario A in Working Group I Report) has estimated 
the magnitude of sea-level rise at about 20 cm by 2030 and about 65 cm by the end of the next 
century. Working Group I has also predicted the increase in global mean temperatures to be about 
1®C above the present value by 2025 and 3®C before the end of the next century.

Any predicted effects of climate change must be viewed in the context of our present 
dynamic and changing world. Large-scale natural events such as El Nino can cause significant 
impacts on agriculture and human settlement. The predicted population explosion will produce 
severe impacts on land use and on the demands for energy, fresh water, food and housing, which 
will vary from region according to national incomes and rates of development. In many cases, the 
impacts will be felt most severely in regions already under stress, mainly the developing countries. 
Human-induced climate change due to continued uncontrolled emissions will accentuate these 
impacts. For instance, climate change, pollution and ultraviolet-B radiation from ozone depletion 
can interact, reinforcing their damaging effects on materials and organisms. Increases in 
atmospheric concentrations of greenhouse gases may lead to irreversible change in the climate 
which could be detectable by the end of this century.

Comprehensive estimates of the physical and biological effects of climate change at the 
regional level arc difficult. Confidence in regional estimates of critical climatic factors is low. This 
is particularly true of precipitation and soil moisture, where there is considerable disagreement 
between various general circulation model and palaeoanalog results. Moreover, there are several



scientific uncertainties regarding the relationship between climate change and biological effects and 
between these effects and socioeconomic consequences.

This report does not attempt to anticipate any adaptation, technological innovation or any 
other measures to diminish the adverse effects of climate change that will take place in the same 
time frame. This is especially important for heavily managed sectors, e.g. agriculture, forestry and 
public health. This is one of the responsibilities of Working Group HI.

Finally, the issue of timing and rates of change need to be considered; there will be lags 
between:

o emissions of greenhouse gases and doubling of concentrations; 

o doubling of greenhouse gas concentrations and changes in climate; 

o changes in climate and resultant physical and biological effects; and

o changes in physical and ecological effects and resultant socioeconomic (including
ecological) consequences. The shorter the lags, the less the ability to cope and the greater
the socioeconomic impacts.

There is certainty related to these time lags. The changes will not be steady and surprises 
cannot be ruled out. The severity of the impacts will depend to a large degree on the rate of climate 
change.

Despite these uncertainties. Working Group II has been able to reach some major 
conclusions, which are:

Agriculture and Forestry

Sufficient evidence is now available from a variety of different studies to indicate that 
changes of climate would have an imponant effect on agriculture and livestock. Studies have not 
yet conclusively determined whether, on average, global agricultural potential will increase or 
decrease. Negative impacts could be felt at the regional level as a result of changes in weather and 
pests associated with climate change, and changes in ground-level ozone associated with 
pollutants, necessitating innovations in technology and agricultural management practices. There 
may be severe effects in some regions, particularly decline in production in regions of high 
present-day vulnerability that are least able to adjust. These include Brazil, Peru, the Sahel Region 
of Africa, Southeast Asia, the Asian region of the USSR and China. There is a possibility that 
potential productivity of high and mid latitudes may increase because of a prolonged growing 
season, but it is not likely to open up large new areas for production and it will be mainly confined 
to the Northern Hemisphere.

Patterns of agricultural trade could be altered by decreased cereal production in some of the 
currently high-production areas, such as Western Europe, southern US, parts of South America 
and Western Australia. Horticultural production in mid-latitude regions may be reduced. On the 
other hand, cereal production could increase in northern Europe. Policy responses directed to 
breeding new plant cultivars, and agricultural management designed to cope with changed climate 
conditions, could lessen the severity of regional impacts. On balance, the evidence suggests that in 
the face of estimated changes of climate, food production at the global level can be maintained at 
essentially the same level as would have occurred without climate change; however, the cost of 
achieving this is unclear. Nonetheless, climate change may intensify difficulties in coping with 
rapid popdation growth. An increase or change in UV-B radiation at ground level resulting from 
the depletion of stratospheric ozone will have a negative impact on crops and livestock.



The rotation period of forests is long and current forests will mature and decline during a 
climate in which they are increasingly more poorly adapted. Actual impacts depend on the 
physiological adaptability of trees and the host parasite relationship. Large losses from both 
factors in the form of forest declines can occur. Losses from wildfire will be increasingly 
extensive. The climate zones which control species distribution will move poleward and to higher 
elevations. Managed forests require large inputs in terms of choice of seedlot and spacing, 
thinning and protection. They provide a variety of products from fuel to food. The degree of 
dependency on products varies among countries, as does the ability to cope with and to withstand 
loss. The most sensitive areas will be where species are close to their biological limits in terms of 
temperature and moisture. This is likely to be, for example, in semi-arid areas. Social stresses can 
be expected to increase and consequent anthropogenic damage to forests may occur. These 
increased and non-sustainable uses will place more pressure on forest investments, forest 
conservation and sound forest management

Natural Terrestrial Ecosystems

Natural terrestrial ecosystems could face significant consequences as a result of the global 
increases in the atmospheric concentrations of greenhouse gases and the associated climatic 
changes. Projected changes in temperature and precipitation suggest that climate zones could shift 
several hundred kilometers towards the poles over the next fifty years. Flora and fauna would lag 
behind these climatic shifts, surviving in their present location and, therefore, could find 
themselves in a different climatic regime. These regmes may be more or less hospitable and, 
therefore, could increase productivity for some species and decrease that of others. Ecosystems 
are not expected to move as a single unit, but would have a new structure as a consequence of 
alterations in distribution and abundance of species.

The rate of projected climate changes is the major factor determining the type and degree of 
climatic impacts on natural terrestrial ecosystems. These rates are likely to be faster than the ability 
of some species to respond and responses may be sudden or gradual.

Some species could be lost owing to increased stress leading to a reduction in global 
biologic^ diversity. Increased incidence of disturbances such as pest outbreaks and fire are likely 
to occur in some areas and these could enhance projected ecosystem changes.

Consequences of CO2 enrichment and climate change for natural terrestrial ecosystems 
could be modified by other environmental factors, both natural and man-induced (e.g. by air 
pollution).

Most at risk are those communities in which the options for adaptability are limited (e.g. 
montane, alpine, polar, island and coastal communities, remnant vegetation, and heritage sites and 
reserves) and those coinmunities where climatic changes add to existing stresses.

The socioeconomic consequences of these impacts will be significant, especially for those 
regions of the globe where societies and related economies are dependent on natural terrestrial 
ecosystems for their welfare. Changes in the availability of food, fuel, medicine, construction 
materials and income are possible as these ecosystems are changed. Important fibre products 
could also be affected in some regions.

Hydrology and Water Resources

Relatively small climate changes can cause large water resource problems in many areas, 
especially arid and semi-arid regions and those humid areas where demand or pollution has led to



water scarcity. Little is known about regional details of greenhouse-gas-induced 
hydrometeorological change. It appears that many areas will have increased precipitation, soil 
moisture and water storage, thus itering patterns of agricultural, ecosystem and other water use. 
Water availability will decre^e in other areas, a most important factor for already marginal 
situations, such as the Sahelian zone in Africa. This has significant implications for agriculture, 
for water storage and distribution, and for generation of hydroelectric power. In some limited 
areas, for example, under the assumed scenario of a l^C to 2^C temperature increase, coupled 
with a 10% reduction in precipitation, a 40-70% reduction in annual runoff could occur. Regions 
such as Southeast Asia, that are dependent on unregulated river systems, are particularly vulnerable 
to hydrometeorological change. On the other hand, regions such as the western USSR and 
western United States that have large regulated water resource systems are less sensitive to the 
range of hydrometeorological changes in the assumed greenhouse scenario. In addition to the 
changes in water supply, water demand may also change through human efforts to conserve, and 
through improved growth efficiency of plants in a higher CO2 environment Net socioeconomic 
consequences must consider both supply and demand for water. Future design in water resource 
engineering will need to take possible impacts into account when considering structures with a life 
span to the end of the next century. Where precipitation increases, water management practices, 
such as urban storm drainage systems, may require upgrading in capacity. Change in drought risk 
represents potentially the most serious impact of climate change on agriculture at both regional and 
global levels.

Human Settlements, Energy, Transport, and Industrial sectors. Human Health and 
Air Quality

The most vulnerable human settlements are those especially exposed to natural hazards, 
e.g. coastal or river flooding, severe drought, landslides, severe wind storms and tropical 
cyclones. 'Hie most vulnerable populations are in developing countries, in the lower income 
groups, residents of coastal lowlands and islands, populations in semi-arid grasslands, and the 
urban poor in squatter settlements, slums and shanty towns, especially in megacities. In coastal 
low lands such as in Bangladesh, China and Egypt, as well as in small island nations, inundation 
due to sea-level rise and storm surges could lead to significant movements of people. Major health 
impacts are possible, especially in large urban areas, owing to changes in availability of water and 
food and increased health problems due to heat stress spreading of infections. Changes in 
prwipitation and temperature could radically alter the patterns of vector-bome and viral diseases by 
shifting them to higher latitudes, thus putting large populations at risk. As similar events have in 
the past, these changes could initiate large migrations of f^ople, leading over a number of years to 
severe disruptions of settlement patterns and social instability in some areas.

Global warming can be expected to affect the availability of water resources and biomass, 
both major sources of energy in many developing countries. These effects are likely to differ 
between and within regions with some areas losing and others gaining water and biomass. Such 
changes in areas which lose water may jeopardize ener^ supply and materials essential for human 
habitation and energy. Moreover, climate change itself is also likely to have different effects 
between regions on the availability of other forms of renewable energy such as wind and solar 
power. In developed countries some of the greatest impacts on the energy, transport and industrial 
sectors may be determined by policy responses to climate change such as fuel regulations, 
emission fees or policies promoting greater use of mass transit. In developing countries, climate- 
related changes in the availability and price of production resources such as energy, water, food 
and fibre may affect the competitive position of many industries.

Global warming and increased ultraviolet radiation resulting from depletion of stratosphere 
ozone may produce adverse impacts on air quality such as increases in ground-level ozone in some



polluted urban areas. An increase of UV-B radiation intensity at the Earth’s surface would increase 
the risk of damage to the eye and skin and may disrapt the marine food chain.

Oceans and Coastal Zones

Global warming will accelerate sea-level rise, modify ocean circulation and change marine 
ecosystems, with considerable socioeconomic consequences. These effects will be added to 
present trends of rising sea-level, and other effects that have already stressed coastal resources, 
such as pollution and overharvesting. A 30-50 cm sea-level rise (projected by 2050) will threaten 
low islands and coastal zones. Aim rise by 2100 would render some island counoies 
uninhabitable, displace tens of millions of people, seriously threaten low-lying urban areas, flood 
productive land, contaminate fresh water supplies and change coastlines. All of these impacts 
would be exacerbated if droughts and storms become more severe. Coastal protection would 
involve very significant costs. Rapid sea-level rise would change coastal ecology and threaten 
many important fisheries. Reductions in sea ice will benefit shipping, but seriously impact on 
icedependent marine mammals and birds.

Impacts on the global oceans will include changes in the heat balance, shifts in ocean 
circulation which will affect the capacity of the ocean to absorb heat and CO2 and changes in 
upwelling zones associated with fisheries. Effects will vary by geographic zones, with changes in 
habitats, a decrease in biological diversity and shifts in marine organisms and productive zones, 
including commercially important species. Such regional shifts in fisheries wi 1 have major 
socioeconomic impacts.

Seasonal Snow Cover, Ice and Permafrost

The global areal extent and volume of elements of the terrestrial cryosphere (seasonal snow 
cover, near-surface layers of permafrost and some masses of ice) will be substantially reduced. 
These r^uctions, when reflected regionally, could have significant impacts on related ecosystems 
and social and economic activities. Compounding these impacts in some regions is that, as a result 
of the associated climatic warming positive feedbacks, the reductions could be sudden rather than 
gradual.

The areal coverage of seasonal snow and its duration are projected to decrease in most 
regions, particularly at midlatitudes possibly experiencing increases in seasonal snow cover. 
Changes in the volume of snow cover. Changes in the volume of snow cover, or the length of the 
snow cover season, will have both positive and negative impacts on regional water resources (as a 
result of changes in the volume and the timing of ranoff from snowmelt); on regional 
transportation (road, marine, air and rail); and on recreation sectors.

Globally, the ice contained in glaciers and ice sheets is projected to decrease, with regional 
responses complicated by the effect of increased snowfall in some areas which could lead to 
accumulation of ice. Glacial recession will have significant implications for local and regional 
water resources, and thus impact on water availabihty and on hydroelectric power potential.
Glacial recession and loss of ice from ice sheets will also contribute to sea-level rise.

Permafrost, which currently underlies 20-25% of the land mass of the Northern 
Hemisphere, could experience significant degradation within the next 40-50 years. Projected 
increases in the thickness of the freeze-thaw (active) layer above the permafrost and a recession of 
perma^st to higher latitudes and altitudes could lead to increases in terrain instability, erosion and 
landslides in those areas which currently contain permafrosL As a result, overlying ecosystems 
could be significantly altered and the integrity of man-made structures and facilities reduced, 
thereby influencing existing human settlements and development opportunities.



Future Action

The results of the Working Group II studies highlight our lack of knowledge, particularly 
at the regional level and in areas most vulnerable to climate change. Further national and 
international research is needed on:

o regional effects of climate change on crop yields, livestock productivity and production 
costs;

o identification of agricultural management practices and technology appropriate for changed 
climate;

o

o

o

o

factors influencing distribution of species and their sensitivity to climate change;

initiation and maintenance of integrated monitoring systems for terrestrial and marine 
ecosystems;

intensive assessment of water resources and water quality, especially in arid and semi-arid 
developing countries and their sensitivity to climate change;

regional predictions of changes in soil moisture, precipitation, surface and subsurface 
runoff regimes and their interannual distributions as a result of climate change;

assessment of vulnerability of countries to gain or loss of energy resources, particularly 
biomass and hydroelectric power in developing countries;

adaptability of vulnerable human populations to heat stress and vectorbome and viral 
diseases;

global monitoring, of sea-level changes, particularly for island countries;

identification of populations and agricultural and industrial production at risk in coastal 
areas and islands;

o better understanding of the nature and dynamics of ice masses and their sensitivity to 
climate change;

o integration of climate change impact information into the general planning process, 
particularly in developing countries; and

o development of methodology to assess sensitivity of environments and socioeconomic 
systems to climate change.

o Some of these topics are already being covered by existing and proposed programs and 
these will need continuing support. In particular, there are three core projects of the 
International Geosphere-Biosphere Program that will provide valuable data in the coming 
years, namely;

Land-Ocean Interactions in the Coastal Zone 
Biosphere Aspects of the Hydrological Cycle 
Global Change Impact on Agriculture and Society

that will provide valuable data in the coming years.
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GREENHOUSE EFFECT DEBATE RAGES ON

Debate has raged since the intense heat waves in the summer of 1988 

over whether a "signal" of global warming has finally been detected 

against the background "noise" of natural climatic variations. At times 

this debate has been acerbic and occasionally polemical (e.g., see the 

Epilogue in Schneider, 1990a--reproduced here as Appendix I). Irrelevant 
facts such as the non-warming trend in the lower forty-eight United States 

(e.g. Brookes, 1989) or postulated physical mechanisms that might mitigate 

any substantial global warming (for example Marshall Institute, 1989, 
Ellsaesser, 1984, Lindzen, 1990) have been offered by some to prove global 
warming a non-problem. These views have been challenged or debated by 

various others (e.g. Raval and Ramanathan, 1989, Hansen and Lacis, 1990 or 

Schneider, 1990b). 1990 proved to be (for the lower atmosphere) the 

warmest year on record in the global instrumental period of the past 
century; at the same time the stratosphere was the coldest in 1990. Both 

of these go together and are consistent with a greenhouse effect signal 
that might be anticipated from the greenhouse gas injections over the past 
150 years, which saw a 25% increase in carbon dioxide, a 100% increase in 

methane, and the introduction of man-made heat trapping chemicals such as 

chlorofluorocarbons and halons. But most scientists still argue that 
although the approximately 0.5°C surface warming in the 20th century is 

"consistent" with the greenhouse gas buildup, it is not yet possible to 

state that the observed warming was unambiguously caused by that 
greenhouse gas forcing. It is possible (although at a relatively low 

probability of perhaps some 10%) that the 0.5°C 20th century warming trend
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was wholly natural and that there were little or no contribution from the 

buildup of greenhouse gases. Of course, since one cannot tell whether an 

unforecastable internal fluctuation in climate in the 20th century could 

have created the bulk of the observed warming, one equally can not tell 
whether there was a negative fluctuation taking place naturally during the 

20th century. If so, then the world would have warmed up perhaps twice as 

much as was observed had we not had a fortuitous natural cooling trend. 
One could even speculate that the dramatic temperature rise in the 1980’s 

and all the new global warming records set in the 1980’s reflect a 

terminated natural cooling trend combined with the rapid establishment 
of the expected global warming signal. Current observations are, 
depending upon various assumptions of non-greenhouse gas forcings, 
consistent with a C02-doubling equilibrium sensitivity of anywhere from 

0.5 to 5.0°C (for instance, see Wigley and Raper, 1990).

Other possibilities that could have intervened to help create the 

20th century temperature record seen in Figure 1 include the creation of 
man-made or natural sulfur dioxide-induced aerosol particles which could 

either directly reflect sunlight in cloudless regions of the atmosphere or 

indirectly reflect sunlight through incorporation into clouds, thereby 

increasing the number of could droplets thus making the average cloud 

brighter. Measurements and theory are not adequate to pin this mechanism 

down quantitatively, although some attempts are underway (for instance, 
Charlson et al., 1991), who suggest that industrial activities in the 

1950’s, 60’s, and 70’s held back the 2 W/m^ of greenhouse warming by 

countering it with some 1.5 W/m^ of cooling in the Northern Hemisphere. 

Such an S02-induced cooling may have opposed any global warming signal by 

at least several tenths of a degree. In short, no clear physical
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objection or direct empirical evidence has contradicted the wide-scale 

consensus that the world is warming, nor has such evidence contradicted 

the substantial probability that temperatures will go up because of 
increases in greenhouse gases (e.g. IPCC, 1990). But certainly any 

quantitative connection between the 20th century warming trend and 

greenhouse gas buildup to date cannot be proved yet beyond a reasonable 

doubt--even though I believe these are very likely to be connected. It 

will probably take 10-20 more years to prove this connection beyond a 

doubt, but then this whole affair is not an academic experiment in the 

microchips of supercomputers, but rather a test being performed on 

"Laboratory Earth".
Despite detailed arguments over specifics, scientific consensus 

remains widespread that anywhere from 1 to 5 degrees C additional 
warming is likely in the next century (a strong restatement of which was 

recently offered by the Intergovernmental Panel on Climate Change, 1990). 
The IPCC used a five star rating system to describe various possibilities 

for global warming, one star being unlikely and five stars very likely. 

They gave global average temperature changes in the 1.5 to 4.5 degree 

range three stars--equivalent presumably to a 60% chance (see Table 1 from 

IPCC.
REGIONAL CHANGES STILL VERY SPECULATIVE

However, neither the IPCC, nor other assessments (for example, NAS, 
1987, or my own views, Schneider, 1990a) have suggested we have anything 

approaching a strong consensus with regard to what climatic changes might 
evolve regionally. For example, the real world is not undergoing a 

dramatic and instantaneous doubling of carbon dioxide, as is the case in
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most standard computer model experiments, but instead the world is 

undergoing a steady increase in greenhouse gas forcing. Since that 
increase is heating the earth reasonably uniformly, one might 
superficially expect uniform global response; but this is far from 

likely. For example, the centers of continents have relatively low heat- 

retaining capacity, and thus would move toward whatever their new 

equilibrium climate would be relatively rapidly compared to the centers of 
oceans, which are very massive thermally. However, tropical oceans have a 

thin (on the order of 50 meters) mixed layer which primarily interacts 

with the atmosphere. It takes on the order of ten years for that mixed 

layer to substantially change its temperature, which is much slower than 

the response time of the middle of continents, but again much faster than 

the time rate at which the ocean surface temperatures would change at high 

latitudes where waters can mix right down to the bottom of the ocean in 

places like the Wedell or Norwegian Seas.
Therefore, during the transient phase of climate change one would 

expect middle of continents, middle of oceans and high latitude oceans 

all to be evolving toward their new equilibrium temperatures at different 

rates. This means the temperature differences from land to sea and 

equator to pole will evolve over time, which suggests that regional 
climatic anomalies associated with global warming will not necessarily be 

uniformly increasing over time, but could have a transient character very 

different from the long-term equilibrium character (as originally 

suggested by Schneider and Thompson, 1981 and now verified by Stouffer et 
al., 1989 or Washington and Meehl, 1989).



-6-

The lack of clear regional predictive skill has implications, for 

example, for the adaptability of agricultural ecosystems. That is, any 

experience the farmers of say, the 2020’s get with anomalous weather may 

not help them to adapt to the evolving climate change in the 2030’s, since 

a transient climate change could be of different character over time. 
This would inhibit "learning by doing", creating a potential lack of 

adaptability associated with the difficulty of reliability predicting 

regional climatic consequences. Rapid and evolving climate changes would 

be especially difficult for natural ecosystems, since habitats do not have 

the luxury of choosing to plant new seeds, changing irrigation systems, 
soil tillage practices, and so forth.

ECOSYSTEMS RESPONSE TO RAPID CHANGE IS PROBLEMATIC

A. Forests
One of the Office of Management and Budget officials recently said it 

would be no more difficult to adapt to a few degrees’ climate warming 

than to get off a Boston flight in Washington. Of course what this view, 
ignorant of ecology, neglects, is that the forests of Virginia can’t call 
the neighborhood van lines to transplant millions of trees up to 

Massachusetts. Quite simply, many species of trees take hundreds, even 

thousands of years for substantial migration. Moreover, while individual 

species may migrate with slowly changing climate, whole habitats usually 

do not, as species composition is dramatically altered (e.g. see COHMAP, 
1988). That is indeed what occurred when the ice ages waned about 12,000 

years ago and in the next six thousand years were replaced by the 

relatively warm interglacial period we are now experiencing. At that time
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a 5°C (9°F) temperature increase accompanied 100 meter (330 feet) sea 

level rises and dramatic habitat changes such as those seen in Figure 2. 
The ice age to interglacial transition quite literally revamped the 

ecological face of the earth. The time it took for nature to make this 

adjustment was on the order of thousands of years, driven by sustained 

global average temperature changes on the order of 5°C. We are facing the 

prospect of temperature changes of this magnitude on the time frame of a 

century, a rate that most ecologists who study forest ecosystems suggest 
is simply too fast for the trees--let alone habitats--to keep up.

In this connection. University of Minnesota ecologist Margaret Davis 

(1990) 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 distributions 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."
For example. Figure 3 shows the result of calculations (Davis and 

Zabinski, 1991) which suggests that certain species (Sugar Maple in this 

case) would be largely marooned out of their ranges should the climate 

change as projected by most modern generation climate models (GISS in 

panel A and GFDL in panel B of Figure 3). Habitats would change 

unpredictably and some species would quite literally be stranded in 

ecologically unsuitable territory.
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B. Birds

Trees are not the only potential "victims" of rapid climate change, 
as various animals depend on complicated habitats for their livelihood, 
even survival. One symbolic case which has been described by (Botkin et 
al., 1991) is that of the Kirtland’s Warbler in Northern Michigan, which 

lives in a narrow area of Jack Pine trees that survive on sandy soils in 

that climate. Ecological models of Jack Pine forests growth and decline 

suggest that even a small climate change would be enough to devastate that 
habitat, almost certainly dooming that bird to extinction in 30-60 years. 
Even without the issue of extinction, whose already high rates could be 

substantially exacerbated by climate changes occurring more rapidly than 

ecosystems could adapt (e.g. Wilson, 1989 or Peters, 1991), or having 

adaptation and migration blocked by highways, urban development, seawalls, 
agriculture, and so forth is the altered habitat that is associated with 

climate change. Ecologist Terry Root (1988a) of the University of 
Michigan has shown a very high degree of statistical correlation between 

the distribution and abundance of many bird species and large scale 

environmental factors such as temperature. Figure 4 shows the clear 

association between the January mean temperature and the northern range 

limit of the Eastern Phoebe. What this kind of analysis implies is that 
as climate changes, the physiological tolerance of some birds would cause 

them--habitat permitting--to change their ranges as well (Root, 1988b).
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IMPLICATIONS FOR POLICY
While climate change is not necessarily a threat to the existence of 

each climate-sensitive species, given the transient nature of the climate 

change, which nonetheless would be occurring on scales of decades, and the 

transient nature of forest and other vegetation ecosystems, which could 

change on the timescale of decades to centuries, it is quite clear that 
plausible climatic changes could create substantial disequilibrium 

within ecosystems, where about the only outcome that can be predicted with 

certainty is major surprises. Substantial change to plant and animal 
populations, habitat types, and even some extinctions would seem 

inevitable from most climate change scenarios, and about the only forecast 
that seems clearly justifiable is the more raoidlv the climate changes the 

higher the probability of substantial disruption and surprise.

These possibilities have led to a debate as to whether humans need to 

intervene as "ecological engineers" deliberately replanting or 

transplanting presently maladapted species in what might be their new 

habitats of the future. Given our relative ignorance of the full 
implications of these potential ecological impacts, some conservationists 

feel that such human intervention (or eco-engineering) would be unethical 
at best, whereas others argue that species extinctions that might take 

place if stranding occurs are even worse risks than habitat alteration 

that might take place from ecological engineering (e.g. Roberts, 1988). 
Unfortunately, all of these wrenching debates are created by the prospect 
of rapid global warming, which in turn is created by the increasing use of 
energy and materials demanded by growing populations insisting on using 

the cheapest available technology to increase their standards of living.
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It is unlikely that societies will radically alter these plans. 
Thus, the capacity of ecosystems to respond to rapid change demands urgent 
study to help us figure out how to help nature adapt more effectively, 
although in the final analysis it is my personal belief that slowing down 

the rate of warming through the application of the so-called "tie-in" 

principal is the best immediate strategy. Although how to act is always a 

value choice about whether it is appropriate to invest present resources 

as a hedge against potential change, it is my view that those actions 

which are already cost effective (using and producing energy more 

efficiently, for example), should be vigorously pursued now and all 
political obstacles slowing the penetration of such already cost-effective 

actions be removed and incentives created. Moreover, additional policy 

actions that would seem sensible now should include those that not only 

help to slow the rate of global warming but help solve other problems as 

well--for example, banning CFC’s not only reduces about 20% of potential 
global warming forcing, but also eliminates the emission of chemicals that 
reduce stratospheric ozone. Fuel switching from coal to natural gas not 
only cuts roughly in half the CO2 released per unit energy produced, but 

substantially reduces the sulfur dioxide emissions that contribute to acid 

rain. Energy efficiency and conservation planning not only reduces 

environmental impacts, but helps reduce the dependency of countries such 

as the United States or Japan on imported energy supplies, thereby 

reducing our balance of payments deficits, military budgets, and even 

threats to world security.
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These high leverage or tie-in strategies are, in my value system, 
long overdue with or without global warming, and because of the added 

urgency of slowing down global warming, thereby buying time for us and 

nature to adapt to whatever changes will take place, such actions seem to 

me self-evidently the most appropriate immediate policy response , (which 

I have discussed extensively in other forums; for example Schneider, 
1990a).
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TABLE 1 (IPCC, 1990)

EXECUTIVE SUMMARY

1. All models show substantial changes in climate when CO2 
concentrations are doubled, even though the changes vary from 
model to model on a sub-continental scale.

2. The main equilibrium changes in climate due to doubling CO2 
deduced from models are given below. The number of *'s 
indicates the degree of confidence determined subjectively from 
the amount of agreement between models, our understanding of 
the model results and our confidence in the representation of the 
relevant process in the model. Five *'s indicate virtual certainties, 
one * indicates low confidence.

Temperature:

***** the lower atmosphere and Eanh's surface warm;
***** the stratosphere cools;
*** near the Earth's surface, the global average warming lies 

between +1.5'C and +4.5’C, with a "best guess" of 2.5’C; 
*** the surface w arming at high latitudes is greater than the 

global average in winter but smaller than in summer. (In 
time dependent simulations w ith a deep ocean, there is 
little warming over the high latitude southern ocean);

*** the surface warming and its seasonal variation are least in 
the tropics.

Precipitation:

**** the global average increases (as does that of evaporation), 
the larger the warming, the larger the increase;

*** increases at high latitudes throughout the year,
*** increases globally by 3 to 159t (as does evaporation);
** increases at mid-latitudes in winter;
** the zonal mean value increases in the tropics although

there are areas of decrease. Shifts in the main tropical rain 
bands differ from model to model, so there is little 
consistency between models in simulated regional 
changes;

** changes little in subtropical arid areas.

Soil moisture:

**♦ increases in high latitudes in winter;
** decreases over northern mid-latitude continents in 

summer.

Snow and sea-ice:

♦*** the area of sea-ice and seasonal snow-cover diminish.

The results from models become less reliable at smaller scales, 
so predictions for smaller than continental regions should be 
treated with great caution. The continents warm more than the 
ocean. Temperature increases in southern Europe and central 
North America are greater than the global mean and are 
accompanied by reduced precipitation and soil moisture in 
summer. The Asian summer monsoon intensifies.

3. Changes in the day-to-day variability of weather are uncertain. 
However, episodes of high temperature will become more 
frequent in the future simply due to an increase in the mean 
temperature. There is some evidence of a general increase in 
convective precipitation.

4. The direct effect of deforestation on global mean climate is 
small. The indirect effects (through changes in the CO2 sink) 
may be more important. However, tropical deforestation may lead 
to substantial local effects, including a reduction of about 20% in 
precipitation.

5. Improved predictions of global climate change require better 
treatment of processes affecting the distribution and properties of 
cloud, ocean-atmosphere interaction, convection, sea-ice and 
transfer of heat and moisture from the land surface. Increased 
model resolution will allow more realistic predictions of global- 
scale changes, and some improvement in the prediction of 
regional climate change.



FIGURE CAPTIONS

Figure 1: Observed global-mean temperature changes (1861-1989) compared
with predicted values. The observed changes are given in 
Section 7 of the IPCC (1990). The data have been smoothed to 
show the decadal and longer time scale trends more clearly. 
Predictions are based on observed concentration changes and 
concentration/forcing relationships as given in Section 2 of 
the IPCC (1990) and have been calculated using the upwelling- 
diffusion climate model of Wigley and Raper (1990). Source: 
Wigley and Raper, 1990.

Figure 2: The relative fraction (in percent) of fossil pollen from
various species of trees is shown on the maps. These pollen 
patterns can be correlated to climatic conditions. These 
maps show, for example, that at the end of the last Pleistocene 
Ice Age 11,000 years ago much of the northeastern United 
States was covered with spruce forests, which are found today 
in central Canada near Hudson Bay. As climatic conditions 
ameliorated the spruce "chased" the retreating ice sheet 
northward into Canada, whereas more temperate-climate trees 
like oak moved outward from their refuge in the Carolinas 
into the middle Atlantic states and the midwest. Around 
4000 years ago the distribution of these temperate-climate 
trees stabilized in what is roughly their present configura­
tion. Source: J. C. Bernabo and T. Webb III, 1977, Changing
patterns in the Holocene pollen record of northeastern North 
America: A mapped summary. Quaternary Research 8:64-96.

Figure 3: Present geographical range of sugar maple (horizontal lines)
and potentially suitable range under doubled COj, (vertical lines). Cross-hatching indicates the region of^overlap. A: 
predictions using climate scenario derived from the GISS 
general circulation model. B: predictions using climate
scenario derived from the GFDL model. Gridpoints are sites 
of climatic data output for each model. Source: Davis and
Zabinski, 1991.

Figure 4: The distribution and abundance of the winter range of the
Eastern Phoebe. The northern boundary lies very close to the 
-4 degree C isotherm of January minimum temperature (heavy 
solid line). Source: T. Root, 1988a.
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Epilogue
The Global Warming 

Debate Heats Up

as
M

C ince the first appearance of Global Warming in September 
L/1989 there has been vociferous debate among scientists, econ­
omists, industrialists, and environmentalists about how serious 
the global warming issue is. This sometimes acrimonious exchange 
has spread confusion among the public and politicians alike about 
the credibility of greenhouse effect warnings and has, at least tem­
porarily, delayed action on the problem. Therefore, I think it is 
worthwhile to summarize briefly what has happened since the 
initial publication of Global Warming, and why the ensuing de­
bate hasn’t changed the fundamental conclusions of the origi­
nal edition. Indeed, while many scientific questions remain open 
to dispute, some of the bitter criticisms denying the immediacy 
of the problem are becoming recognized for what they are: at­
tempts by special interest groups or ideologues to delay global 
actions that might adversely affect them.

Eighmen years ago, when I first began to address the public 
policy implications of still uncertain climatic forecasts, a con­
troversial and well-known scientist took me aside: “You’ll be able 
to judge the magnitude of your impact on society,” he warned, 
“by the position and vehemence of your critics.” Getting people’s 
attention is one thing, however; getting action on public policy 
is another.

287
1^-lEpilogiu
te Critta mamuin four principal ol^riitfons 10 rhe likcim^^
J global warming. First, the scientific basis for projecting future 

dimate change is so uncertain that no responsible scientists would 
r 2;;:^:Pimmediate policy responses. Second, those who su^

^ gest !hat a hundred years or more of
change (what I have called the Greenhouse Century) is being bui t 

^ into L future are just “environmenul acUvists
- cal agenda aims to destroy the free market system. On the other 
'^ hancf, those who argue that there are unlikely to be any signif­

icant effects are, by contrast, thoughtful senior scientists pro- 
Sting die public’s interests. Third, decade-todecade temp^ure 
changes over the past loo years arent consistent with chma 
model predictions of the effects of increasing 8«es,
thus the model projections are probably exaggerated. And fourth,

^ it’s too expensive L do anything about globd warning anj^
- The only thing to do now is wait and sec what happens-after
;S r all, the 4ang« probably won’t be great and m^bc beneficial

W- even if they occur. So say the most strident critic^ ,
The debate became so intense that in 1990 the U.S. National 

Academy of Sciences invited the principal scientific 
of activism on global warming to debate the scientific « ab^^ 
mcnl” that has consistently reaffirmed its confidence ,n its own 
1 r»G to 4.5°C warming estimates for the middle of the next cen­
tury. President bush’s Ghicf of Staff. John Sununu, cited these 
oppositionist critics to justify a go-slow approach 
lemational efforts to regulate emissions of
tants that have the potential to cause unprecedented clima e 
change in the twenty-first century- As long as the U.S 
limit its emissions. Great Britain. France, Canada. Japan and 
other nations are also unlikely to act. Thus, the ^-S- ^
agree to specific curbs on some of its emissions is having a major 
impact on the shape of the Greenhouse Century.

The debate has strayed far from reason and civility on occa 
J^ ltbes magazine, for example, placed an ad on the back 

page of the New York Times (Februaiy 7.1990).
LSrageous journalism in debunking globa '^^cming^as Hype 
Not Heat” and belittling the issue with the bead me No Cuts 
No Story.” “Global warming effects.” Forbes said, would be at 
worst m^imal." Editorial cartoons in support of warming con
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'for the Marshall Institute* ta wasningiuii-u-»'^« ---------- -
known for its advocacy of President Reagan’s “Star Wars 
tegic Defense Initiative), hardly mention that the sword of un­
certainty has two edges: that is. the same inexactitude m physical 
or biological processes that makes it possible for the present 
generation of models to overestimate future warming effects is 
just as likely to cause the models to underestimate change. [I wrote 
a letter putting this Marshall Institute report in perspective at 
the request of Alan Hecht, a deputy administrator in the U.S. 
Environmental Protection Agency. Since that letter has already 
been widely circulated (after someone obuined it under the U.S. 
Freedom of Information Act). I reproduce it here in the notes.] 

The public policy dilemma is how to respond in the absence 
of conclusive evidence of the effects of global warming. It is my 
opinion that the scientiRc community will not be able to pro­
vide definitive information over the next decade or so about the 
precise timing and magnitude of century-long cliinate changes, 
especially if research efforts remain at current levels. Policy 
makers must decide how much information is “enough to act 
on and what measures to uke to deal with the plausible range

-V'Global Warm. ■*

advocates escalated the media circus. One showed Sununu as afor the Marshall Institute* (a Washington-based think Unk best
devil whispering in the President’s right ear, “To hell with the ‘ ’------ ------ '----- -''''Reacan’s “Star Wars Stra-
future, let’s go for short-term profit." Bush is flicking an angel.
Wilham Reilly, the Environmenul Protection Agency adminis­
trator, off his left car as Reilly reminds him of his campaign 
promise to be the “Environmental President." When debate de­
generates to such inanity, it’s no wonder the public and most poli­
ticians arc confused about what the real problem is, let alone 
what to do about ir.

The irony is that very little has changed scientifically during 
the past several years. Nevertheless, when new technical data sur­
faces that apparently reduces the magnitude of the problem, it 
is welcomed by global warming opponents as a major finding.
New data that reinforces global warming concerns is ignored by 
the critics, but promoted by environmentalists. Sides arc taken 
without putting new information in perspective, with the result 
that confusion grows. Unfortunately, while such a polarized de­
bate makes entertaining op-ed page reading and grabs ratings 

TV. h clarifies little of the real scientific controversy or of 
the broad consensus on basic issues within the scientific com­
munity.

Typical projections of global warming possibilities (sec Figure 
7, page 105) into the twenty-first century have been drawn by a 
group of scientists convened by the International Council of 
Scientific Unions. They show warming from a moderate half 
degree Celsius (.g°F) up to a catastrophic 5<>C (g^F) or greater 
before the end of the next century. I do not hesitate to call the 
latter figure catastrophic because it is the magnitude of warm­
ing that occurred between about 15,000 and 5,000 years ago: from 
the end of the last ice age to our present interglacial epoch. It 
took nature some 5,000 to 10,000 years to accomplish that warm­
ing. which was accompanied by an approximately 100-meter (330- 
foot) rise in sea level, long disunce migration of forest species, 
radically altered habitats, extinction and evolution of species, and 
other major environmenul changes.

Critics of immediate policy responses to global warming arc 
quick to point out the uncertainties that could reduce the aver­
age projections of climate models (such as the middle line on 
Figure 7). Indeed, most climate modelers include similar caveats 
in their papers. Many critics, including the authors of a report
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on and what measures to uke to deal with the plausiDic range 
of environmenul changes. Unfortunately, the probabihty of such 
changes cannot be precisely estimated by analytical methods. 
Rather, we must rely on the intuition of experts, which is why 
obfuscating media debate impedes policy development.

Fortunately, making intuiUve scientific judgmenU is the purpose 
1-1:1___a* thp National Research Council ol

Fortunately, making intuiUve scientiiicjuagmenis .s u.c 
of such deliberative bodies as the National Research Council of 
the U S National Academy of Sciences (NAS) and the Internationa 
Council of Scientific Unions. NAS. for example, regularly con­
venes a range of experts to estimate the probabilities of various 
scenarios of change. The deliberations of these panels are re­
moved from the cacophony of media debates that typically high­
light only the extreme opposite positions. Half a dozen such 
assessments’ over the past ten years have all reaffirmed the plau­
sibility of unprecedented climate change building into the next 
fifty to a hundred years. In iggo a United Nations-sponsored 

»r several hundred international scientists, the Intergovern- 
" • Climate Change (IPCC), also reaffirmed thatgroup o 

mental Panel on
*’*rvc mentioned that the National Academy of Sciences has regu­

larly produced studies from a broad cross-section of the scien-



The National Academy consists of about 1,500 members who are 
elected on the basis of their scientific accomplishments. Election 
to the Academy is considered a high honor. When, however, the 
Academy responds to inquiry, it does so through committees of 
the National Research Council. Oddly enough, there’s only a 
minuscule representation of Academy members on these commit­
tees (approximately 6%). Thus, the connection of so-called Na­
tional Academy Reports to the Academy is itself tenuous and 
uncertain. In principle, these reports are reviewed by academi­
cians, but the selection of these reviewers is fairly arbitrarily han­
dled by the NRC staff and the presidents of the Academies of 
Science and Engineering and the Institute of Medicine.*

In other words, to Lindzen the Academy committees are sus­
pect because many of their members have not met the standards 
for election to the Academy—high academic sundards to be sure. 
But Academy membership is largely based on disciplinary 
specialization and outstanding contributions in a narrow field, 
rather than on an individual's capacity for multidisciplinary syn­
thesis. But the latter quality is also essential for integrative as­
sessments of complex subjects such as climate change. That is 
one reason why the Academy casts its net widely in selecting com­
mittee members.

Lindzen went on to suggest that his intuitive understanding 
of how the atmosphere worked led him to believe that its 
“response to doubling of carbon dioxide may readily be % to ’A — 
or even less—of what is suggested” by the National Research
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tific community of possible climate changes from greenhouse gas ‘
build-up. Since these assessments have been used by both politi­
cians and conservationists to justify serious consideration of policy 
actions, some critics have tried to discredit the National Research 
Council (NRC), which compiles such assessments for NAS.

One such critic, Richard Lindzen, a meteorologist at the Mas­
sachusetts Institute of Technology, is himself a member of the 
National Academy. Nearly 20 years ago Lindzen critized the 
Department of Transportation’s Climatic Impact Assessment Pro­
gram to evaluate the environmental impact of high-Ilying super­
sonic transports (SSTs). In 1989 he went so far as to try to discredit 
the Academy consensus on global warming by impugning the 
credentials of its committees;
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Council consensus of i-s^C to 4.5“C warming if CO* doubled. 
Lindzen based this “ '/• to 'A " statement upon his intuitive scien­
tific judgment and offered no calculations in the peer-reviewed 
literature to back it up. Nevertheless, opinion page articles 
proliferated following Lindzen’s statements, and my telephone 
was busy with reporters and others seeking my response to his 
assertions that global warming was a vastly overblown environ­
mental scare.

Finally, the December 25,1989 issue of Forbes magazine featured 
an article whose scientific objectivity was emblazoned colorfully 
on the cover: “Global Warming Panic: A Classical Case of Over- 
reaction."* Excerpts appeared in newspaper opinion pages for 
weeks following. The piece was by Warren Brookes, an economic 
journalist who combines sharply worded anti-global warming 
scientific and policy opinions with ad hominem attacks. It’s not 
surprising that such stuff is written, but it is surprising to me 
that it appears on the opinion pages of respectable newspapers 
without any attempt to put this nonscientist’s scientific argu­
ments in the perspective of the broad consensus. What news­
papers tend to do for “balance" is print the contrary views of 
comparably extreme advocates of radical environmenul policies 
or laissez-faire economics. The result is increased confusion and 
further loss of objectivity and perspective, as I observed in Chap­
ter 7 on “Mediarology."

What Brookes does is to cite the many uncertainties surround­
ing global warming projections—usually attributing the caveats 
to the critics, whose impeccable credentials he flaunts. Then he 
selectively quotes from “environmenul activists" (like Jim Han­
sen or me). But more imporunt than its ad hominem attacks, the 
Forbes article does not indicate that most of the scientific uncer­
tainties mentioned arc as likely to make our estimates for the 
future worse as they arc to make it better. Unknown phenomena 
arc as likely to cause increases as decreases in current estimates 
of future changes. Furthermore, Brookes docs not refer to the 
subsuntial amount of information that validates climate models, 
including their capacity to reproduce the large seasonal cycle of 
surface temperature and to reproduce many significantly different 
climates from glaciological history. He overlooks the fact that ice 
ages and interglacial warm periods have seen 5°C (g°F) temper­
ature changes marked by 25% increases in CO* at the warm times
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and 25% decreases in the cold times (see Figure 2, page 40). These thermometers placed in buckets dropped over the side of the
strong circumsuntial pieces of evidence are what motivate me. «'*'•'* *"ade of leather, some of wood; some
and most other scientists involved in National Research Coun*

%
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cil or IPCC studies, to believe there is a substantial probability 
of unprecedented warming building into the next century.

Brookes, along with other critics, also points out the lack of 
significant warming in the lower forty-eight United States dur- ^ 
ing the past century. “That news alone," Brookes asseru, “should 
have cooled off the global warming movement."’ What he and 
others who raise this issue ignore is that while the U.S. warmed 
in the west and cooled in the east, if Alaska were included in their 
estimates (which it was not), the U.S. as a whole would have 
warmed up more than o.3°C, close to the global average. What 
the data actually shows is that natural climate variability is signi­
ficant on a regional basis. For example, had one chosen to ob­
serve north central Asia, one would have noticed a 40-year 
warming trend vastly in excess of the rest of the globe. It is as 
deceptive to suggest that the Asian trend proves the world is 
warming up faster than the models project, as it is to allege that ' 
the absence of an appreciable temperature trend in the lower 
forty-eight United Slates proves that the greenhouse effect docs 
not apply to the world —or even to the U.S. This kind of scien­
tific silliness couldn’t survive in serious debate, yet it is reprinted 
in news stories and opinion pieces.

As mentioned before, because of public doubt aroused by the 
Forbes story and other commentaries, the National Academy of 
Sciences and National Aqademy of Engineering organized de­
bates to inform their most recently convened panel of the critics' 
views. Lindzen and others were present at the first debate, along 
with the “establishment scientists": JamesHansen, Director of 
NASA's Goddard Institute for Space Studies; V. Ramanathan, a 
climate expert from the University of Chicago; and Jerry Mahl- 
man. Director of the National Oceanic and Atmospheric Adminis­
tration's Geophysical Fluid Dynamics Laboratory in Princeton.
Also attending was my NCAR colleague, Kevin Trcnbcrth, fre­
quently cited as a critic of global temperature trend data.

Trenberth started the discussion, showing how difficult it is 
to estimate the world's average surface temperature. He noted 
that ocean temperatures inferred from ships' records in the pre- 
1900s period were problematic, since they were obtained from
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boat. Some buckets were made of leather, some of wood; some 
measurements were taken on the windward side, some to the lee­
ward side of the ship, all of which would affect the readings. He 
also showed that the fraction of the oceans covered by ship tracks 
before 1900 was 10% to 20% at best. One of the Academy panel 
members asked him if he felt there was any utility at all in the 
ocean temperature data before 1900 for the purpose of global 
trend analysis. “Not much," he said. In fact, he commented, the 
corrections due to faulty measurement techniques are typically 
larger Uian the inferred climaUc trends, which is why no one pays 
serious attention to them.

Nevertheless, Brookes. Lindzen and other critics have promi­
nently cited M.I.T. meteorologist Reginald Newell’s study suggest­
ing that ocean temperatures were as warm in the 1850s as in the 
1950s; thus they argue that no global warming has uken place 
over the past 150 years. But as noted by Trenberth, pre-1890 ther­
mometer daU are not usually regarded as credible in scientific 
assessments of global trends; coverage is not global and the meas­
urements themselves are unreliable. Tliese reservations did not 
stand out in the critics’ citation of Newell’s analysis.

I asked ail the assembled scientists at this Academy debate my 
favorite polling question: “What is your estimate of the proba­
bility tliat the next century will see a global warming of 2°G (3.6°F) 
or more?" All the atmospheric scientists present, including Lind­
zen, agreed that there would be warming. He, however, felt the 
most likely extent of warming was between o.5“G to i“C rather 
Ilian 2°C to 4°G as in typical Academy assessments-and the IPCG 
estimate. Atmospheric scientists Hansen, Mahlman, Trenberth 
and Ramanathan all agreed that 2°G was certainly a reasonable 
number for the twenty-first century. They assigned the occurrence 
of a 2°G warming a probability between 60% and 90%-g5%. 
Lindzen was the only exception; his probability for 2°G warm­
ing was 25% - the lowest estimate I’ve yet heard from any knowl­
edgeable atmospheric scientist. Indeed, several people in the 
audience-aware of his assertions that global warming is likely to 
be “ ■/. to 'A " of what the Academy presently estimates-expressed 
surprise to hear that his estimate of the probability of unprece­
dented warming in the next century differs from mine by less 
than a factor of 2.5 (25% for him versus 60% for me). One science

I

7^

I



'■iv. •

Is
i

295

----- ----- — vicuaic fora major newspaperMid*^3Jsfi^''^_:y;„„ ^av to markets, the political ‘Greens’ seem determined
to me later, ^his ‘great debate’ is a phony; you guys really dU- ' 'r^ jo put the world economy back into the red. using the greenhome 
agree scientincally much less fundamentally than most people : effect to stop unfettered market-based economic expansion. To
think I was glad he discovered it. „„s that Forbes wasn’t publishing a courageous expose

occ

three panelists asked to prepare papers is from the dissenting :- 
side,” said Brookes. That, of course, was not true; in addition ’ 
Lindzen there was Trenberth, and retired Yale University foi 
ster William Reifsnyder, all of whom had been mentioned « 
critics. Moreover, Robert Jastrow of Dartmouth and William 
Nierenberg of Scripps Institute of Oceanography, co-authors of 
the Marshall Institute critique of global warming, refused to at­
tend the meeting, though invited. Nierenberg, however, apolo­
gized for his absence by letter and said he was certain that his 
views would be adequately represented by the three critics present 

Nevertheless Drookes wont on* «,^it__i__*
views would be adequately represented by the three critics present 

Nevertheless Brookes went on: ‘The most serious ‘offenders’ 
to be tried at today’s meeting are three of the nation’s most promi- 
nent senior scientists who won’t even be there, Robert Jastrow 
of Dartmouth, founder of the Goddard Institute for Space Studies 
at NASA, Frederick Seitz, past president of NAS and William 
Nierenberg. former director of Scripps Institution (sic) of Ocean- 
ography.” Brookes accused the Academy of being “eager to trash' 
Jastrow, Seitz and Nierenberg, authors of the Marshall Institute 
report that many believe was used by White House Chief of Staff 
John Sununu to prevent E.PA. Administrator William Reillv from
convincing President Bush to join in an international commit­
ment to reduce greenhouse gas pollution. Brookes concluded by 
accusing some in the Academy of coming “dangerously close to 
using Lysenkoist tactics to anyone who dares to dissent from the
accusing some in the Academy of coming “dangerously close to 
using Lysenkoist tactics to anyone who dares to dissent from the 
prevailing political/scientific wisdom.” (Lysenko was the Soviet
biologist who faked genetic research results to match Stalinist 
ideology.)

Interestingly these personal attacks were not reciprocated by 
those accused of Lysenkoism. Perhaps they did not feel the ideo­
logical antagonism expressed by Brookes in Forbes: “As Marxism

^ ■ Brookes admits his in this one sentence, even ut u

from the dissenting ■;!’ p^slc them into a slick-sounding article in support ° ^ 
was not true; in addition to ;■ ideological viewpoinl-a criticism that applies to the wrii-

incs of some environmental activists as well. r i;n.T
Scientists share responsibility with the mtjia ^

n to communicate complex issues clearly to the P«W‘C Wl«t the 
f i Ecneral public, as well as politicians and bureaucrats, do no 

recognize is that most scientists spend their time arguing about 
whaflhey don’t know. Scientists generally consider discussions 
of accepted ideas boring and a waste of time. This is bemuse t 
scientific method operates by parucukrly
of issues not yet well substantiated. But if the public and its 
representatives do not undersUnd the process of scientific in­
quiry then they will have difficulty interpreting the “due mg scien- 
fist?debates. let alone deciding whether debaters are honest or

We°Smisw"sirnply have to spend more time 
accepted information from what is reliably believed to be true 
and. most important, from what is highly speculative. pub^ 
lie version of the global warming debate rarely 
Lmponents clearly, thereby leaving the false 
scientific community overall is in intellectual disarray, when, 
fact the irCC and the National Research Council s consensus of 
16°'to 4.5°C warming in the next century still reficcls the best 
eftimatt of a wide range of knowledgeable scientists. This csti 
mate includes recent United Kingdom.studies that halved the best 
S from over 5«>C to around 2.5»C.* Perhaps some new dis- 
Lvery will push the best guess higher apin next 
whil7tlie 1 r,° to 4.5“C consensus warming range endures. Unless 

c^.i’:;ica.cVha. »0 do along »i.K
the public policy process is subverted m confusing debate tha
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inadequately represents the true nature of informed opinion.
It is dilRcuIt for the media to do wliat I sometimes wish tlicy 

would: back off the concept of “balance" in favor of the concept 
of “perspective." If an issue is complicated, it simply is not enough 
to play oIf“all sides," particularly if the opinions of the majority 
of the experts —the people who create the consensus—arc left 
out. Moreover, that consensus information must be expressed 
in terms of its probability. Very few scientists would say they be­
lieve the future climate will warm up from i.5°C to 4.5®C; rather, 
most believe that to be reasonably probable. Conveying issues 
in probabilistic terms with the range of views in perspective is 
necessary if scientific opinion is to be communicated accurately, 
rather than as a misleading debate among feuding scientists, or 
occasionally as a travesty perpetrated by polemicists and ideo­
logues.

Let’s return to the details of the debate. Another criticism of 
global warming projections has been the imperfect match be­
tween the warming of the earth and the smooth increase in green­
house gases over the past hundred years (see Figure 4, page 85). 
It has been alleged that since most warming in the twentieth cen­
tury took place up to the 1940s, followed by a cooling at the time 
the global greenhouse gases were increasing at their fastest, the 
decade-by-decadc temperature trends in the twentieth century 
cannot therefore be attributed to greenhouse gas build-up.

At first reading that sounds like a valid criticism; but there 
arc several flaws in the argument. First, nature always fluctu­
ates. Several tenths of a degree Celsius warmings and coolings 
over decades are part of the natural record and, indeed, arc 
normal. Scientists call these fluctuations “climatic noise." These 
arc not predictable as far as anyone can tell, since they appear 
to be caused largely by the internal redistribution of energy 
among the principal reservoirs: the atmosphere, oceans, ice, 
and land surfaces. Therefore, natural fluctuations could partially 
explain the sharp warming up to the 1940s, the Northern Hemi­
sphere’s cooling to 1975, and possibly even the spectacularly rapid 
rewarming of the 1980s —the warmest decade in the 100-year in­
strumental record. Secondly, we do not know precisely what other 
potential climatic forcings (that is, processes that could force the 
climate to change) have been doing over the past 100 years. These 
include energy output from the sun, atmospheric particles from

igEpilogue
j^volcanic eruptions, or particles generated by human activities-or 

as University of Wisconsin climatologist Reid Bryson likes to put 
' it, the “human volcano."
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, inc numiui VUIV.A11U.This “forcings" problem is akin to a criminal investigation in 
which the whereabouts of only one suspect is known and the ac­
tivities of the other possible suspects were not carefully observed. 
In this case, the “crime" is the loo-year o.5°C (o.9°F) warming 
trend and the leading “suspect" is the known greenhouse gas in­
crease. Unfortunately, since we do not have quantitatively ac­
curate ways of knowing precisely what die oUier potential forcings 
may have been (that is, the unwatched “other suspects"), we can’t 
rule out some possible role for them. Some scientists, such as 
James Hansen and myself, have led efforts to estimate what vol­
canic or solar forcings may have contributed to twentieth<entury 
temperature trends.*" Indeed, such estimates improve the match 
of our computer model simulations to observed twentieth-century 
temperature trends. However, as all of us have admitted, without 
more quantitatively reliable information these exercises can do 
nothing more than sketch out plausible rather than definitive 

results.
Incidentally, my own simulation result, which used tempera­

ture trend data up to the early 1980s, suggested the best fit to 
the data was such that a COt doubling would cause only about 
15°C to 2°C global warming-the lower end of the 1.5“ C to 4-^°C 
range cited in most U.S. National Academy of Science reports 
or by the ICl’P. However, it was noted at the time that this could 
not be uken as strong evidence that COi doubling would result 
in such a moderate climate warming because we know that the 
iwcnlicth century record is marked by natural noise, unmeasured 
alternative forcings and uncertainties in how much temperature 
change actually occurred. Most scientists still agree that without 
ten to twenty more years of thermometer, solar, air pollution, 
and volcanic observations it’s difficult to pin down anything quan­
titatively to very high reliability, say 99% confidence.

Arguing that climate models have been unable to predict a 
deuiled sequence of decade-by-decade temperature fluctuations 
has been a favorite tactic of some global warming critics.* * But 
this is akin to arguing that because we can’t predict the individual 
rolls of a pair of dice, we also can’t predict the odds of getting 
any two faces on any roll. All gamblers know better. Though we

I
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know the statistics for rolling a particular number, we certainly 
wouldn’t be expected to know the sequence of numbers on suc­
cessive rolls, even for slightly loaded dice. In short, those who 
argue that an absence of an exact match on a dccadc-by-dccade 
basis between observed temperature fluctuations and greenhouse 
gas build-up demonstrates that greenhouse effect sensitivity of 
models is wrong arc simply off in their logic. Such agreement 
should not be expected in detail as long as a large degree of cli­
matic noise continues to make up much of the dccadc-by-dccade 
temperature record and as long as we lack precise data on other 
non-greenhouse gas forcings.

Fortunately, we arc now measuring the sun, volcanos and pol­
lution-generated particles, and can thus account better for their 
effects. In other words, we finally arc checking up on the “other 
suspects." Thus, as greenhouse gases continue to build up in the 
future, if greenhouse warming docs not take place at roughly the 
predicted rate during the iggos and into the twenty-first century, 
then indeed it will be possible to argue on the basis of some direct 
evidence that the effect predicted by today’s models is off base. 
Personally, I’ll be surprised if there is a major error that over­
rides the i.5°C to 4.5°C warming projections.

Let me next address the final, and perhaps the most impor­
tant, criticism made against action to slow global warming; that 
immediate policy steps to cut CO« emissions are too expensive. 
The Forbes newspaper ad suggests, for example, that if wc cut COj 
emissions the U.S. will be bankrupt and the Third World im­
poverished. Indeed, as I discuss frequently in Global Warming, there 
is substantial Third World opposition to the prospect that they 
may be deprived of their own industrial revolutions, and of the 
economic growth experienced in the Victorian period by the then- 
developing countries using cheap and dirty coal. Since developing 
Third World countries such as India and China have abundant 
coal supplies, they would like to use them as low-cost means to 
industrialization. In iggo, however, these countries have between 
them some two billion people, whereas in the nineteenth cen­
tury the entire world didn’t have two billion people. The global 
impact of the developing countries’ use of coal to produce even 
a quarter of our current industrial standard of living would be 
greater than was ours. Needless to say, such arguments are not 
met sympathetically in China or India.
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It is sensible, I believe, to argue that developing countries need 
-A_____ • rkf in/’liiQirialiTAtinn with smocT'A.\, kO -A -----------------------------------f anot repeat the western experience of industrialization with smog- 

choked cities, acid rain, and inefficient power production, given 
tliat modern technology has many better solutions. Unfortunately, 
developing countries typically respond that high-tech, efficient 
machinery is more expensive than the traditional options avail­
able to them. Tliis dilemma makes obvious the need for a bargain. 
Countries with technology and capiul must provide resources 
to developing countries, which in return must keep population 
growth under control and work toward industrial development 
with the lowest polluting, most efficient technologies, even if they 
cost more initially.

There have been international efforts afoot to draft an agree­
ment requiring the developed nations to decrease their carbon 
dioxide emissions by, say, 20% by the year 2000, and to cut the 
projected emissions growth rates in developing countries. This 
has been strongly opposed by the United Sutes, echoed by Japan, 
the U.K., the U.S.S.R., and some other countries. The Japanese 
are unhappy since they’re already twice as energy efficient as the 
U.S. They claim it would cost them much more to cut carbon 
dioxide by 20% than the U.S., since our very inefficiency gives 
us more opportunity to cut cheaply.

Still less efficient developing countries could produce far less 
growth in carbon dioxide pollution by using efficient, modern 
technologies instead of older, cheaper ones. This sets up a pos­
sibility for creative international management that might not only 
eliminate Third World opposition to global emissions limitations, 
but also could encourage competition among these nations to 
be the venue for future emissions cuts funded by developed coun­
tries; cuts that in turn could buy the developed nation out of its 
reduction requirement by funding even larger COt reductions 
in now-cnergy inefficient developing countries.

I recently discussed this idea with a Japanese economist, Yoichi 
Kaya, an energy analyst from the University of Tokyo. He tried 
to assess what a significant cut in COi emissions might imply for 
world and Japanese economic growth. Kaya concluded that for 
energy-efficient countries (like Japan) subsuntial cuts could se­
verely lower economic growth-unless ways were found to in­
crease the rate at which the economy becomes less dependent 
on energy growth. (This is what environmentally oriented energy
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analysts already argue is essential for environmentally sustaina­
ble development; see discussion in Chapter 8.) He also showed 
that developing countries' economic growth would require elh- 
cient energy or else they would pollute severely.

I met with Professor l^ya in Tokyo in November 1989, while 
the Noordwijk Conrcrcncc, an international environmental meet­
ing in the Netherlands, was producing daily headlines about how 
the U.S., Japan, and the United Kingdom were balking at specific 
emissions cuts. Professor Kaya and I agreed that equal percen­
tage emissions limitations for each nation may make international 
politics simpler, but that from a global point of view, reducing 
emissions by a fixed fraction for all nations may be neither the 
most cost effective plan, nor the fairest. Unequal fractional cuts 
may sound unfair to some nations, but what determines fairness, 
we felt, is not how much COi emission each cuts at home, but 
who pays for all the cuts. To be sure, the rich nations should pay 
a disproportionate share of the costs since they have been respon­
sible for over half of the COt pollution to date. But energy- 
efficient countries like Japan, Germany, and Italy may not be the 
logical first places to look for big COi emissions savings. How­
ever, we agreed it would not be politically easy to negotiate a 
system where some nations pay and other nations cut their emis­
sions (or limit emissions growth rates in the case of Third World 
nations) by greater amounts. But from the point of view of the 
minimum global investment for the maximum amount of global 
pollution reduction, such a strategy probably is most efficient and 
consideration of the issue should be part of the international 
negotiating process.

In other words, supposing each developed country had to 
reduce its COt impact on the world by something equivalent to 
20% of its present production. Let’s say, continuing the Japanese 
example, that their quota is to cut 100 million tons of COt annu­
ally. Why not structure, an international agreement so that the 
Japanese need to be responsible either for reducing 100 million 
tons of COi from their own industries, or else paying to cut 150 
million tons in another country (or some combination of both)? 
The obvious candidate is China, since Japanese investment in 
China for efficient energy production would both reduce acid 
rain over Japan as well as global COi build-up. It is likely to be 
much cheaper per unit of COi saved for the Japanese to improve
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Chinese energy efliciency, since China is starting out so inefficient, 
than for Japan to improve its own efficiency. At the same time 
the Chinese would receive extra development assistance, the 
Japanese would get less acid rain and could buy out of their emis­
sions reduction quoU without having to cut emissions at home. 
Moreover, the Japanese would be creating friendship and mar­
kets for their products in the future, whereas the Chinese would 
be getting more efficient machines with lower long-term operat­
ing costs, thereby improving their economy and competitive 
posture into the twenty-first century. In other words, everybody 
wins. But first, we need a world emissions agreement that pro­
vides incentives for such bargaining and trading to take place. 
That agreement is what the U.8., the U.K., the U.S.S.R., and Japan 
were balking at in 1989.

Other similar ideas include issuing ‘tradeable (or leaseable) 
permits," giving everyone in the world the right to emit a certain 
amount of COi or some other greenhouse gas.'* These permits 
could be traded for cash, food, energy efficient products, etc. As 
of the signing of the global agreement, all nations would have 
equal per capita COi emissions rights. That implies a certain 
amount of total national emissions. In the future a country could 
sell or trade these rights or exercise them for development, or 
increase their population and thereby limit their future emissions 
per capita. In other words, a fixed per capita emissions right that 
goes into effect at the signing date would dramatically reduce 
Tliird World suspicions that they were being singled out to bear 
the immediate burden of emission controls.

Critics of emissions reductions cite the supposed annual costs 
of global warming reduction at tens of billions of dollars —too 
much to be worth the benefits of climate change abatement. But 
tlicy often neglect the additional non-grcenhousc-cffect benefits 
of emissions reductions: reduced acid rain; reduced air pollu­
tion; reduced balance of payments deficits; and lower long-term 
operating costs of efficient equipment, which reduces the energy 
costs of manufactured products and enhances competitiveness. 
Critics who simply cite the potential capital costs of COt reduc­
tion write newspaper stories about how many billions or trillions 
it will cost and scare people away from action. But they often 
present a very unbalanced view of the distribution of benefits 
that come with greenhouse gas abatement. Unfortunately, it is
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* -very difficult to communicate these benefits in bumper sticker ^ 
length headlines or in sound bites on the evening news, which 
is often all the time this complicated story gets.

For example, John Sununu, defending his role in persuading 
President Bush not to agree to specific CO» emissions reductions 
at Noordwijk, said on TV in 1990; “There’s a little tendency by 
some of the faceless bureaucrats on the environmental side to 
try and create a policy in this country that cuts off our use of 
coal, oil and natural gas. I don’t think America wants not to^be 
able to use their automobiles."” I agree we don’t want to cut “off 
our use of coal, oil and natural gas"; nor do we want to abandon 
our cars. But, Mr. Sununu, who does? Not one proposal from 
any bureaucrat. National Academy of Sciences committee or even 
environmental group I know of ever proposed such an absurd 
policy. Rather, most talk about giving up (or heavily taxing) ps- 
guzzling cars and switching to less polluting, more energy-efficient 
equipment, regardless of the fuel used. But some studies have 
suggested that switching to less polluting energy systems could 
cost “$800 billion, under optimistic scenarios of available fuel 
substitutes and increasing energy efficiency, to $3.6 trillion under 
pessimistic scenarios ... between now and 2100." This quote from 
the February 1990 “Economic Report of the President" to Con; 
gress was based on the initial results of the first wave of economic 
model simulations.

Because of the controversy over the reliability of such models, 
the National Academy of Sciences ran a debate (following the 
climate debate mentioned earlier) among some economic fore­
casters and their critics. What emerged was very revealing. First, 
over no years (1990 to 2100) even a trillion dollars in CO« reduc­
tion costs, which sounds very expensive, is less than $10 billion 
each year-only a few percent of the current annual defense 
budget. Moreover, Robert Williams, an energy technology special­
ist from Princeton University, pointed out that the so<alled “op­
timistic scenario” of $800 billion in costs to cut COj emissions 
was based on very pessimistic assumptions about the rapidly de­
creasing costs of renewable energy systems such as solar, wind, 
or biomass power. Furthermore, with the exception of one effort 
by Yale University economist William Nordliaus, none of the 
other modeling simulations attempted to estimate the direct en­
vironmental benefits of our supposed trillion dollar investment
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in COt emission controls. It is unconscionable that some critics 
of global warming action would cite these dubious cost estimates 
without so much as mentioning the potential benefits of slow­
ing CO. emissions. Nordhaus, though, by balancing costs and ben­
efits 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.” His model, however, was admit­
tedly crude, laden with unprovable assumptions, and unable by 
itself to provide quantitatively reliable information for making 

policy choices.
Cross-examination of the economists by Academy committee 

members also revealed that their economic models had not been 
tested to see how they performed in predicting the economic con­
sequences of historical events such as the 1973 OPEC oil price 
hike. I was shocked that such tests had not been done, and dis­
mayed that some administration officials were actually citing these 
premature, unvalidated economic model results for cosu of emis­
sions controls as an alleged rational basis for making national

^ In ^summary, then, the greenhouse effect, the heat trapping 
properties of the atmosphere and its gases and particles, is well 
understood and well validated as a scientific principle. Indeed, it 
is as good a theory as there is in the atmospheric sciences. More­
over in late 1989. A. Raval and V. Ramanathan at the Univer­
sity of Chicago, used satellite observations to study the impor­
tant water vapor greenhouse feedback mechanism, a process that 
is central to most models’ estimates of some 3°C plus or minus 
15°C equilibrium warming from a doubling of CO.. They con­
clude. “'fhe greenhouse effect is found to increase significantly 
with sea surface temperature. The rate of increase gives compel­
ling evidence for the positive feedback between surface temper­
ature. water vapour and the greenhouse effect; the magnitude 
of the feedback is consistent with that predicted by climate 
models.”” In other words, the heat-trapping capacity of the atmosphere 
is well understood and well measured on earth, and much of the some­
times polemical debate in the media over the greenhouse effect h^ little 
basis in reality. This empirical confirmation of the natural green­
house effect, which is consistent with the greenhouse effect of 
climate models, stands in stark contrast to the theoretical argu- 
menu of some critics. Tliey believe that their untested conceptions
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of tcmpcraturc-water vapor processes in parts of the tropics will 
reduce present model estimates of global warming by a factor 
of four or so.

It is well known that the 25% increase in COi documented since 
the industrial revolution, the 100% increase in methane since 
the industrial revolution, and the introduction of man-made 
chemicals such as chlorofluorocarbons (also responsible for strato­
spheric ozone depletion) since the 1950s should have trapped 
about two extra watts of radiant energy over every square meter 
of earth. That much is accepted by most climatological specialists. 
Less well accepted, however, is how to translate those two watts 
of heat into “x" degrees of surface temperature change, since this 
involves assumptions about how that heat will be distributed 
among surface temperature rises, evaporation increases, cloudi­
ness changes, ice changes, and so forth. The factor of two to three 
uncertainty in global temperature rise projections cited in the 
National Research Council’s reports reflects a legitimate estimate 
of uncertainty held by most in the scientific community. Indeed, 
recent attempts by a British group to mimic the effects of cloud 
droplets halved their model’s sensitivity to doubled COj, but tlie 
results remained well within the often-cited i.5°C to 4-5°C range. 
However, the authors of the study wisely pointed out that “al­
though the revised cloud scheme is more detailed, it is not neces­
sarily more accurate than the less sophisticated scheme. I have 
never seen this forthright and important reservation quoted by 
global warming critics who cite the British work as a reason to 
lower our concern by 50%. Nor, in the spring of 1990, was a NASA 
group’s satellite estimate of global temperature change for the 
1980s properly cited in the media as confirming, rather than ques­
tioning, instrumental records of global warming.** Finally, as ex­
plained in the original edition of Global Warming, predicting 
detailed regional distribution of climatic anomalies-that is, 
where and when it will be wetter and drier, whether floods will 
occur in the spring in California or forest fires in Siberia in 
August-is highly speculative, although plausible scenarios can 
be given.

While climatic models arc far from fully verified for future 
simulations, the present seasonal and ancient climatic simulations, 
along with satellite observations of atmospheric heat trapping, 
arc strong evidence that state-of-the-art climatic models already
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have considerable predictive skills. An awareness of what models 
arc and what they can and can’t do is probably the best we can 
ask of the public and its rcprcscnUtivcs. Then the tough policy 
problem is how to apply society’s values about risk taking in choos­
ing to face the future, given the possible outcomes that climatic 
models foretell.

The global warming debate takes in both science and politics. 
But it is essential for the public to undersund that disagreements 
over what to do about the prospect of global warming (a politi­
cal value issue) are far greater than over the approximate prob­
ability that unprecedented climate change is being built into a 
Greenhouse Century (a scientific debate). Nothing that has hap­
pened since the first publication of Global Warming has changed 
the strong consensus among scientists that climatic changes un­
precedented in the 10,000-year era of human civilization arc a 
good bet to happen. The more we debate and the longer we de­
lay slowing down the greenhouse gas emissions, the greater the 
magnitude of climatic change that we and the rest of life on Earth 
will have to cope with. We are still marching relentlessly into the 
Greenhouse Century.
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Market Farces to Protect Our Environment: Initiatives for the New President (Wailiington, 
D.C.: December copies can be obuined by wrilinK lo eitlier senator).

27. T. C. Sclielling, "Climatic Change; Implications for Welfare and I'olicy ’ chap, g in 
Changing Climate, National Kcsearcli Council, 449-fla. Quotation from p. 481.
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1. George C Marshall Institute. Scientific Perspectives on the Greenhouse Problem (Washing­
ton U.C.; George C. Marshall Institute, ig8g): 37 pp.

2. b. H. Schneider, i<j8g personal correspondence to Alan Hccht as follows:
September 1, 1989

Dr. Alan Hccht
OITice of International Activities 
Environmcnul Protection Agency 
Dear Alan:
Congratulations on your new job. I predict it will be stimulating both for you and 
the people you interact with. As you requested, here is my brief analysis of the re­
cent Marshall Institute report (Scientific Perspectives on the Greenhouse Problem, 
1989, George C Marshall Institute, Washington, D.C.)

'nie Marshall Institute report is really three re|»rts in one. Tlie first part it a fairly 
standard review of the greenhouse science problem. It is typical of that in most Na­
tional Academy of Science reports, and reflects the caveats normally given in the 
presenutions of most of the climatic modelers that talk or write on this issue. There 
is an impression in the Marshall report that somehow these caveats have been under­
represented by some members of the community, but this is not strongly argued. 
In any case, up to page 14.1 have few disputes with the narrative, other than its con­
stant focus on uncertainty and its omission of the primary reasons that climate model­
ers are concerned for the future; validation of the models' performance against actual 
climatic changes. Tliere it insulficient mention of murlel validation in the Marshall 
report. For example, the authors do not mention the excellent performance of most 
General Circulation Models in simulating the very large seasonal cycle of surface 
temperature, or the successes in simulation of neighboring planeu. Mart and Venus, 
each of which hat radically different greenhouse properties than earth, nor is there 
mention of the daily variability validation studies that have recently been published. 
While these validations do not remove the uncerlainiies focused on in the first 14 
pages,’ the absence of the mention of the substantial degree of model validation of 
climate sensitivity suggests a bias.

On page 15 begin what I believe to be the major problems with this report. First 
of all, the authors note, citing my Science article (S. 11. Schneider, Science 2d3,771,1981)), 
that the global temperature response to COi doubling is in the range of 1° lo r,°C. 
'I'hey correctly point out that a temperature drop of roughly i®C relative to toilay’s 
temperatures occurred in the Little Ice Age. Hiat episode occurred Iietween about 
1400 and 1850 in various parts of the world at various times and differing degrees. 
Thus, a natural cooling of i°C would, the Marshall authors argue, completely com­
pensate for the lower end of any greenhouse warming if such a Little Ice Age-like 
event recurred in the next century. Indeeil, this is correct, but it fails to mention 
that the upper range of the COi warming limit, (i.e.. s'C). would totally swamp any 
natural fluctuations of the type that have occurred in the past 10,000 years, the time 
since the end of the last ice age. Moreover, natural ceiiturics-loiig fluctuations on 
the order of i" unrmiiqr (e.g., the so<alled Medieval Optimum around 1,000 years 
ago) are just as likely to occur, anrl could add to any aiitliro|>ogcnic greenhouse warm­
ing in the next century. Indeed, what is absent in the reiiiainiler of the Marshall docu­
ment is any statement, even intuitive ones, about the relative probabilities of the 
greenhouse warming being at the low end of the range and comparable natural cooling 
occurring relative to the jirobabilities that more middle or upper severity warming 
scenarios could occur, (e.g., see Currmt Issues in Atmospheric Change, National Acadc-
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my of Sciences, 1987 for sUtemenU of the high probability of warming greater than
i“C in the 21st century.) . j. . . j

In section four the authors delve into the very complicated and long debated con­
troversial issues of potential tolar elfects on climate. They cite the fact that sunspots 
have been relatively absent for certain century long periods, which have typical recur­
rence intervals of hundreds of years. The coincidence between the last such mmi- 
mum, the "Maunder Minimum" between 1650 and 1700. and the "Uttle Ice Age is 
cited. But what it not cited by the Marshall authors it the fact that before and after 
this xo year long minimum the totalled Uttle Ice Age s«s in full force in many parts 
of the world. Furthermore, the coolest periods during this time did not neces«rily 
occur in all places at the tame time nor was it fully coincident with Maunder Mini­
mum. In addition, a 10.000 year look at tree ring evidence shows many other such 
minima, but docs not reveal consistent correlation of these sunspots mininia wth 
glacial advance periods, and therefore, no firm correlation can be established. This 
is why this area of research is still controversial, a point not adequately stress^ 111 
the Marshall document. Finally, the magnitude of natural, several century lon^g glotal 
climate fluctuations during the past 10,000 year inter glacial period is on the ordy 
of i»C. which is at the low end of the i» to 5*C range the Marshall authors concede 
as the consensus estimate for the next century.

Therefore, the higher probabilities are that whatever nature does on the sun or 
eanh to cause natural fluctuations is likely to he swamped by manmade influence 
of greenhouse gases sometime between now and the first few decades of the 21st cen­
tury. These relative probabilities get no prominent attention. Kather the lower prob­
ability scenarios are what the Marshall Institute authors focus on. Moreover, they 
cite recent evidence that some stars have been observed to have enei^r output changes 
on the order of a few tenths of a percent to explain recent global warming trends. 
By no means can this be cited to explain with high confidence the observed approxi­
mately o.x-C warming trend of the past century. It is equally likely, as not mentioner^ 
by the Marshall Institution report, that a solar constant decrease from ou^r sun could 
liave been in progress during the past 100 years, and therefore, any greenhouse warm­
ing that has taken place could have been masked by such an event. Since the solar 
constant has not been well observed, except in the past decade, both scenarios are 
eriually likely. Furthermore, if only a few tenths of a percent change in solar energy 
were responsible for the o.ij'C century long trend in climate over the past century, 
then this would suggest a planet that is relatively sensitive to small energy inputs. 
The Marshall Institute simply can't have it both ways: they can't argue on the one 
hand that small changes in solar energy output can cause Urge temperature changes, 
but that comparable changes in the energy input from greenhouse gases will not also 
produce comparable large signals. Either the system is sensitive to large scale radia­
tive forcing or it is not, another factor not mentioned by the Marshall author. 
Although they argue that a 33-year running average of sunspot numbers su|wrficially 
resembles the temperature record of the past 100 years, they do wisely admit that 
this could well be a coincidence. , . j

The Marshall authors go on to claim that "scientists' concerns for olfering sound 
advice on the greenhouse problem have tended to rely on the obsenred temperature 
increase of 0.5'C since 1880 as their best evidence that the greenhouse elfect is al­
ready here and that steps should be Uken now to cope with its full development in 
the next century." (Marshall Institute, page 28.) ....

However, only very few people have made such a claim. Most scientists I know 
argue that it is not the performance of the planet in the past century which only 
in the last decade is at the margin of the noise level of natural climate fluctuatioris. 
that motivates their concerns for the next century. Rather, our concerns are grounded 
in the very well-validated untlersunding of how radiative trapping by important trace 
gases like carbon dioxirle, methane anil chlorofluorocarbons can heal the surface 
Further concern is iMsed on the (less well) validated modeling sensitivity studies which 
suggest that something between i» and 5*C warming is the most probable predic­
tion for’the next century, (e.g., NAS. .987)- Indeed, it will take another decade or 
two of observations, with a presumed continuing of the record heat of the 1980s. 
to esublish to a high degree of confidence that the greenhouse forcing of the past cen-
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lury ii finally unambiguoutly delected. Hul. if we follow the Manliall Inititute'i ad> 
vice and wait for »ucli certainty before implementing action! we will then ba« to 
adapt to a much larRcr do»e of change than if we attempt l.i «low it down now. 1^1 
decition. of coiirie. i> a valutjudgtvunl. not a decision that can be made based solely 
on any scientific melliod.

Herein is my principal objection to the Marshall report, and in fact, an objection 
so serious as to make me doubt the capability of the authors to provide a balanced 
scientific view. They claim -current forecasts of the manmade greenhouse elleci do 
not appear to be sulficiently accurate to be used as a basis for sound national policy 
decisions.- (Marshall Institute, page a.t.) Furthermore, they argue that -|l is our judge­
ment that if a prudent investment is made in computing (lower, observing prograini 
and added manpower, answers that have a usable degree of reliability can be provided 
to policy makers within three to five years.- Thus, they rcrommen.l no current policy 
response to the present debate, other than more research. What I find so olijcction- 
able in these statements, particularly the former one. is that it is not a scientific judge­
ment, but their value judgement, which they do not explicitly claim as their personal 
views of how to respond to the range of uncertainties. I he second statement is tech­
nically inaccurate, I believe, in that virtually all knowledgeable scientists would never 
claim that we will have a strong consensus of atmospheric researchers as to the relia­
bility of the regional distribution of time evolving climate changes in three to five 
years, regardless of the level of research elfort. If left to its own devices. 
community is likely to uke twenty-five years to provide such information. If the kinds 
of-prudent investments- that the Marshall Institute authors do wisely call for were 
implemented, then it is my opinion, and one I believe is widely shared in the scien­
tific community, that we couhl acetUraU substantially the rate of budding such con­
sensus. But. a decade or so would still 1* neciled lieforc which high resolution. cou(iled 
with models of atmosphere, ocean, sea ice. land hydrology, ecosystems, and chemis­
try could be adequately run. testerl and validated to provide credible regional fore­
casts Of course, it is lielter to (iroduce such forecasu in ten years than in twenty-five 
an.1 the costs are small relative to the potential risks. Tluis, I agree with the advice 
to invest in such research. But to claim answers will be clear within three to live years 
and therefore, (solicy shouhl wait for them, is in iny opinion a scientifically errone­
ous judgment as well as a value judgment with which I (lersonally disagree strongly, 
l-eople may legitimately disagree about values, but scientists must always make this 
explicit, and the absence of this is what lias me so disturbed aliout the Marslall Report.

Finally, the authors provide no cost/lienefil analysis of the risks or benefits of a • 
ternative actions now versus the risks and benefits of delay. In the absence of such 
studies, or even the citation to the lew such studies that exist, the Marshall reports 
primary conclusion to delay policy actions has little merit.

Alan. I hope this is useful to you and that you can use it to good (lurposc.
Warm regards and best wishes in your new position.

Notes

Sincerely.

Stephen H. Schneider 
Head
Interdisciplinary Climate Systems _
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diitribution of thermonirter* over the earth’s surface. Accurate global atmo­
spheric temperature estimates are needed for detection of possible greenhouse 
warming, evaluation of computer models of climate change, and for under- 
sunding important factors in the climate system. Analysis of the first ten years 
(1979 to 19811) of satellite measuremenu of lower atmospheric temperature 
changes reveals a monthly precision of o.oi'C, large tem|>craturc variability 
on time scales from wcelis to several years, hut no obvious trend for the ten- 
year period. The warmest years, in descending order, were 1987,1988,1983, 
and 1980. The years 1984,1985, and 1986 were the coolesL

The usually warm early 1980s were followed by a few cooler years that were coincident 
with the explosive volcanic eruption of El Chichon. This was followed a few years 
later hy the warmest years in the instrumenul record, 1987 and 1988 (see Fig. 4, 
p. 85). Whether the cool year-volcano correlation was coincidence or cause and effect 
it not ceruin. What is important is that the instrumental record for the 1980s cor­
related well with the satellite remote-sensing technique for mid-tropospheric tem­
perature of Spencer and Christy. Yet. most of the media stories following the 
publication of this paper ignored the correlation between the thermometer and satel­
lite records, and instead extrapolated out of context a sentence of the authors to 
the effect that no global vrarming trend was evident in the ten years of their analysis. 
Of course, no responsible scientist would ever claim that a global warming signal 
could be detected above background noise from ten years of datal Nevenheleu, a 
frequent media interpreution of this study was that there was "no global warming 
trend*—clearly a serious misinterpreution of the facu given the one-hundred-year 
record (on Fig. 4).
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Two years ago I testified that evidence was beginning to accrue indicating that the popular 
vision of a climate changed by doubling carbon dioxide—a global temperature rise of 4°C, 
disastrous sea level rise, and civil strife resulting from ecological chaos-may have been 
flawed. In the succeeding two years there had been mounting and compelling evidence that 
the likelihood of this ecological disaster is becoming more remote.

The fact that this is counter to a politically popular vision is a result of the premature 
politicization of the global warming problem. The normal process in the science of 
complex issues—in which there is a creative and dynamic tension between the empricial and 
the dynamic, between the inductive and deductive processes, has characterized the global 
warming issue. Put in more pedestrian terms, the observed data seemed at variance with 
climate model calculations, and the normal process of science is an attempt to reconcile the 
two. Unfortunately, this normal process is now refracted by the prism of politics, which 
endangers science itself.

It is often stated, for example, that there is a monolithic consensus of scientists that the 
popular vision is in fact correct. Nothing could be further from the truth, and nothing 
could hurt the normal process of research more. (Remainder not read) There are in fact two 
prevailing views, and the second is that the climate change issue is potentially neutral or 
perhaps even beneficial. Both of these views are based upon a voluminous scientific 
literature, and it is my opinion that the observed data support the latter, which is at variance 
to the climate models of the mid-1980's that established the politically popular vision.

(Not read) This more empirical view of climate change tends to be championed by those 
who are intimiately familiar with the various records of climate over the last 120 years. In 
terms of actual numbers, I suspect that this labor pool is in fact smaller than the pool of 
dynamic modellers, but this is a result of the fact that climate modelling is a very labor 
intensive operation, while data analysis is not. Thus, if a vote were taken, there might be 
larger numbers favoring the politically popular view, but only because there are fewer 
people directly involved in analysis of the data stream that seems at variance with that view. 
Nonetheless, nature does not poll scientists and act accordingly.

The scientific community recently witnessed a rather striking example of the diversity of 
opinion that exists among the active researchers in this area. While Richard Lindzen of the 
National Academy of Sciences and the Massachusettes Institute of Technology recently 
wrote that the active research community in this area is very small (I would estimate a



hundred or so), thirty of these scientists recently met at Arizona State University for a 
research symposium built around a central hypothesis: The politically popular vision of 
climatic change is wrong. Their findings were recently transmitted in a letter to President 
George Bush, dated February 1, 1991. I am including copies of the letter and the 
associated research document as a part of this testimony.

These scientists produced a research agenda titled "Global Climatic Change: A New Vision 
for the 1990's". While all of these scientists agree that the Earth will undergo some 
warming, their concern that the politically popular vision is distorted is heightened as calls 
for economically significant remedies become more strident.

Why would such a significant fraction of the research community develop this hypothesis? 
The lines of evidence include:

•The Magnitude of Observed Warming. The historical record of ground based 
temperature suggests global warming for a doubling of carbon dioxide will be far 
below the 4.2°C that fuels the popular vision. The satellite record further indicates that 
even these historical records are overestimating what small warming has occurred. 
Evidence strengthens daily that economic activity is also producing emissions that have 
prevented warming.

•The Timing of Observed and Projected Warming. New generation climate 
models project most of their warming in high latitude winter, which partitions most 
warming into the night. This mitigates most of the deleterious effects that fuel the 
popular vision and in fact lengthens growing seasons. The warmth of 1990 was 
consistent with the projection as were last year's world-averaged record crop yields.

•The Growth Enhancement Caused by Carbon Dioxide. Carbon dioxide is 
currently a limiting nutrient for plants, and a voluminous scientific literature 
demonstrates enhanced plant growth and water use efficiency as its concentration 
increases.

It is truly ironic that the highly politicized nature of the global warming problem tends to 
suppress support for the position that gives a more balanced view of the future, and that 
those espousing this view are somehow labelled as politically motivated. They are only 
interpreting a complicated problem in the light of their considerable experience.

On Monday, I was asked to speak to the American Association for the Advancement of 
Science on whether or not policy on global warming was based on science. My answer 
was yes-and no. A policy to explore the profound discrepancy that exists between theory 
and observation, prior to any expensive remediation seemed, to me to be based on sound 
science and an intimate knowledge of the history of environmental science. A policy to take 
drastic action now, such as profound limits on carbon emissions, is. in my opinion, 
similarly not based upon defensible and internally consistent science.
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My name is Dr. Michael Oppenheimer. I am an atmospheric physicist and a 

senior scientist with the Environmental Defense Fund (EDF) in New York. EDF 

is a private, non-profit organization with 200,000 members, dedicated to the 

preservation of the natural environment and the protection of human health.

I currently serve as chairman of EDF's Global Atmosphere Program. In 

this capacity, I lead a small group of scientists involved in research on 

various aspects of atmospheric change. In addition, I have participated in 

steering committees for two recent assessments of climate change issues 

sponsored by the World Meteorological Organization, the so-called Villach- 

Bellagio process in 1987 and the Second World Climate Conference in 1990. I 

am a member of NASA's advisory committee on the Atmospheric Effects of 

Stratospheric Aircraft, and I served as a reviewer for the scientific 

assessment of the Intergovernmental Panel on Climate Change (IPCC).

I would like to thank the committee for this opportunity to testify on 

the nature and severity of anticipated global climate change, and on the 

importance of international action to address this problem. I shall focus on 

the general characteristics of anticipated global warming and on the 

uncertainties in the projections of future climate, in order to provide a 

scientific framework for assessing appropriate responses. I shall also 

discuss the findings of recent research by scientists at EDF and other 

institutions which suggest that processes (called “temperature feedbacks in 

the carbon cycle") not currently considered in climate models may accelerate 

the projected warming.
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It is my overall view that global warming due to anthropogenic emissions 

of the greenhouse gases presents humanity with singular risks and 

opportunities: if we act now to reduce the risk of rapid climate change, we 

can simultaneously prevail in our struggles against air pollution, oil spills, 

and dependence on imported energy. On the other hand, if we demur and climate 

should change rapidly, society may face a future of economic disruption and 

political instability, while many natural ecosystems may have no future at 

all.

The Scientific Picture

The IPCC report provides a timely assessment of our scientific 

understanding of greenhouse gas emissions, their effect on the atmosphere, and 

the projected climatic consequences of their increase. I will highlight only 

a few issues which are particularly relevant to the formulation of a response 

strategy.

OVERVIEW

We are entering an era of inadvertant human control of global climate. 

Earth's natural greenhouse effect is being augmented by the increasing 

emissions of anthropogenic greenhouse gases, particularly carbon dioxide, 

various halocarbon compounds (e.g.CFC's), methane, nitrous oxide, and 

tropospheric ozone. Although a variety of industrial and agricultural 

activities contribute to these emissions, the lions share of future greenhouse 

gas growth will result from fossil fuel combustion. In spite of the 

complexity of the climate system, we can predict with near certainty that 

increased atmospheric concentrations of these gases will lead to global 

warming.
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The reasons for such confidence derive from over one hundred and fifty 

years of research on the physical basis of the greenhouse effect, and the 

observation of the radically different climates of our neighboring planets. 

Venus, with an atmosphere dense in carbon dioxide, has a surface temperature 

near 900 Fahrenheit; Mars, with a relatively weak greenhouse effect compared 

to Earth, has a temperature of less than -50 Fahrenheit.

Considerable uncertainty attaches to the crucial issue of how much and 

how fast the earth will warm, given a particular trajectory of future 

emissions. Nevertheless, several independent lines of evidence suggest that 

the rate of growth projected for emissions over the next century will produce 

a historically significant warming. These include the results of computer 

simulations of global climate and paleoclimatic evidence of the relation 

between greenhouse gas levels and temperatures in the distant past. A primary 

source of this evidence is provided by studies of ancient air bubbles included 

in ice cores. Temperature, carbon dioxide, and methane levels have tracked 

closely over 160,000 years. Changes in the levels of these greenhouse gases 

were sufficient to account for a considerable portion of the warming and 

cooling which has accompanied the periodic beginning and end of ice ages.

A range of computer climate simulations (explored by the IPCC) indicates 

that during the first quarter of the 21st century, global average temperature 

is predicted to exceed levels attained during the entire history of human 

civilization. By the end of the 21st century, earth may warm by 4 to 9 degrees 

Fahrenheit above today's level, a warming nearly equivalent (at the upper end 

of the range) to that which ended the last ice age, bringing about 

temperatures not attained during the previous history of the modern human
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species. The anticipated rates of warming are unprecedented, on a sustained 

basis, during the entire history of civilization and, also surpass the 

adaptation abilities of many natural ecosystems.

Global average sea level will rise as earth warms. The temperature 

changes above imply a 30-110 centimeter increase over the next century, 

approximately 3 to 6 times the rate over the last century. With more than 

one-half of humanity now resident within 50 miles of the coast, and with many 

people living in densely-populated deltaic regions, sea level rise of this 

magnitude could spell disaster for some of us, costly adaptation for most of 

us, and an unprecedented global refugee problem affecting all of us.

Other regional consequences of warming are harder to predict. Changes 

in storm patterns, precipitation, and evapotranspiration will alter water 

availability for human and agricultural consumption. A general trend to 

mid-continent drying, which would cause significant agricultural shifts in the 

U.S., is predicted in several computer simulations. The net consequences for 

agriculture of increases in carbon dioxide and changes in soil moisture will 

change from place to place, but many areas with already-marginal food supplies 

may periodical come under stress. Global supplies could decrease, even with 

advances in technology, in years of widespread drying. In a world where food 

does not always get to those who need it, the additional stress of global 

warming can be expected, periodically, to wreck considerable havoc.
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CRITICAL ASPECTS OF THE WARMING

Several characteristics of projected global warming are unique, and bear 

special implications for policy. I shall briefly elaborate on those aspects 

here.

Continuity

No known processes, except the exhaustion of the sources of the gases, 

are expected to limit the warming in the foreseeable future. The warming is 

expected to be continuous as long as greenhouse gas concentrations increase.

In order to halt the increase in carbon dioxide immediately, a reduction in 

emissions of greater than 60% would be required.

Irreversibility

Carbon dioxide has a very long lifetime in the atmosphere. Once carbon 

dioxide levels are enhanced by human activity, they will not return to natural 

levels for centuries. Intentional means of removing carbon dioxide, such as 

reforestation, may be capable of speeding this process, but only modestly.

Thus, the carbon dioxide buildup must be regarded as irreversible on a human 

timescale. CFC's and nitrous oxide exhibit similar behavior.

Lag

The large mass of water in the oceans is slow to warm, and this thermal 

inertia retards the warming of the atmosphere. Consequently, the warming 

resulting from today's emissions will not be fully manifest for decades. This
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lag between emissions and realized warming means that at any time, including 

now, more warming is “in the pipeline" than is evident from global temperature 

measurement. Current commitment to warming is reckoned at more than two 

degrees Fahrenheit (in the best estimate IPCC scenario).

The Surprise Factor

The climate system is highly non-linear. These non-linearities, or 

feedbacks, limit our ability to comfortably extrapolate into a climate regime 

which earth has not visited for millions of years. Some feedbacks, like the 

increase in heat-trapping water vapor which follows from warming, are fairly 

well characterized by theory and measurement. Others, like the changes in 

cloudiness which both trap heat and reflect sunlight, are the source of most 

of the considerable uncertainty in the projected range of warming for the next 

century.

Some feedbacks not even considered in computer simulations, could cause 

considerable amplification of the projected warming. For example, several 

researchers have recently investigated the potential acceleration of carbon 

dioxide growth by the warming itself. This feedback could occur as follows. 

Much more carbon is naturally transfered annually from the land and ocean into 

the atmosphere, and visa versa, than is emitted by human activity, including 

fossil fuel combustion. But these transfers are so closely balanced that, 

over centuries, they generally cause little long term change in atmospheric 

carbon dioxide.
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Several investigators, among them George Woodwell, have suggested that a 

secular temperature increase could upset this balance and cause the 

atmospheric buildup of carbon dioxide to accelerate. Two recent studies, 

including one at the Environmental Defense Fund which I supervised (see 

attached article) have noted a statistical relationship between natural 

temperature fluctuations and the rate of buildup of carbon dioxide a few 

months later (see attached figure). These findings are consistent with, but 

do not prove, the hypothesis that that temperature fluctuations with durations 

of up to several years affect natural carbon transfers for an equivalent 

duration. Should this effect extend for many decades, a signifcant global 

warming-carbon dioxide feedbaclc could occur.

C. D. Keeling of Scripps Oceanographic Institute has shown that the rate 

of carbon dioxide buildup has indeed accelerated over the last 15 years, a 

period of overall warming. Other factors, like changes in the rate of 

deforestation by humans, also came in play during that time, but 

temperature-carbon dioxide feedback may well have played a role in the 

accelerated buildup. Unfortunately, sufficient data to confirm the latter 

speculation may not be in hand until the earth is already significantly warmer 

than today.

But the possibility that such processes may cause warming projections to 

be underestimates needs to be taken into account in assessing the risk of

allowing emissions to continue to increase. We have other recent---- and

unfortunate experience with such surprise processes not accounted for in
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models: those which cause the ozone hole in Antarctica, and the similar 

depletion in the Arctic. Together, these phenomena appear to have drawn down 

global ozone levels, and with them, our protection from ultraviolet radiation.

SUMMARY

Consider these four properties: continuity, ireversibility, lag, and 

surprise. Taken together, they translate into a compelling need to reduce the 

emissions of greenhouse gases, particularly carbon dioxide, now. Continuity 

means the problem will only intensify until we act. And largescale action, 

indeed, is required to stabilize greenhouse gas concentrations. Irreversiblity 

and lag, taken together, mean that we will never have direct evidence of the 

consequences of our actions until it is too late to repeal them. Furthermore, 

if we decide at any one time that we cannot tolerate the warmer world we have 

created, we are still in for more trouble, no matter what action we might 

realistically take, before the warming ceases. Additional, irreversible 

warming is always in the pipeline.

Consider these properties in the context of the projected record rate of 

warming, a warming which, at the low end of estimates, would strain the 

ability of many societies to adapt, which at the upper end, may spell havoc 

for all societies, and which, at either end of the spectrum, spells doom for 

many natural ecosystems. Consider that global temperature has remained stable 

within a narrow range of about 2 degrees Fahrenheit in either direction for 

10,000 years. Consider that, as a result, there is much we do not know about 

a warmer world, and many of these questions will only be resolved by the 

(ill”^dvised) experiment of watching the warming proceed. The only prudent 

course is to begin to reduce emissions, now.
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Attachments:

The figure illustrates equatorial air temperature deviations (EAT) and 

monthy carbon dioxide increment in the atmosphere over a thirty-year period. 

Seasonal variations have been removed from both series, and carbon dioxide has 

been further adjusted to remove the fossil fuel component.

The article is a galley proof of a Scientific Correspondence to appear 

in 14 February 1991 issue of Nature.
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SCIENTIFIC CORRESPONDENCE

HIV Infectivlty
Sir- Ii has been ihoueht that infection by 
ilK* hnmim immuiuHJcficicncy viru* (HIV 
occurs unl> with esposure to intact virions 
or infcctctl cells. We assessed the validity 
of this ft.s.<uiii|nion by aitempting to infect 
the monkey Maaica fuseitvhru with 
simian immunodcricicncy virus o 
ni;.C8(|ues (.SI ) proviral DNA.

Recombinant bnetcriophage lambda 
DNA Containing hilV„,r was prepared at 
desenbed m refs 1 and 2. The starting 
pli.igc stock was expanded in Escherichia 
coir, the resulting highcr>tiire suspensions 
were used to infect aliquots of baeicria 
host at an m o.i. of 0.05. Each infection 
was Cultured in LB mediutn. bacterial 
debris removed by low-ipecd centrifuga­
tion and phage Mdimented by treating the 
supernatant with 10% polyethylene clyco 
and I M NaO. Panicles were precipi­
tated, further purified, and digested with 
RNAsc A/Proteinase K at described in 
refs 2, 3. DNA was resuspended in dit> 
tilled Wilier and adjusted to 0.3-1 ing ml ‘. 
The yield was about 1 mg P* of culture. 
(Further details of the method available 
on request from N.L.L.)

Four healthy adult M. fascieutaru each 
received a single intramuscular inocula­
tion of 200 Mg DNA. Heparinized blood 
ww taken from these animals once a 
month following Imvculatiort. Two of these
SnimnN had tcroeonveried by 1 month 
following DNA Inoculation, aa deter­
mined by intlireci immunofluorescence 
on SlV,.,,.-infecfcd H9 cells. A third 
monkey Ncroconvericd within 2 months of 
inocul.ition. Peripheral blood lympho­
cytes oljiuincd from the four monkevs at 
each bleeding were CDS’ lymphocyta- 
deplete\t. coAcanttvaliti A-activated, and 
expanded in inierleukin-2-comaining 
medium. Supernatants of the cultured 
lymphocytes from the three animals that 
tcroconvcncd coniuined reverse tran­
scriptase activity and had gag antigen 
(p2o) delected in an antigen capture 
as.say. Wc used electron microscopy to 
demonstrate Intact viral panicles in the 
cells of one of these cultures. These 
culture supernatants also transmiited 
SIV^„ infection in viiro to lymphocytes 
of normal M. fascicutaris. Thus, intact 
SIV,,„ could be isolated from peripheral 
blood lymphocytes of three of the four 
monkeys inoculated with phage DNA. -

The phage DNA did not infect M, 
faseicuiaris lymphocytes in vitro. Aliquots 
of KT eoncanavalia A-aciivaiad, inter- 
lcukin-2-cxpanded, CDS* ceU-denleied 
M. fasdculahi lymphocytes, oeipite 
iupponlng the replication of intact 

virus, did not yield replicating 
virus after seeding with phage DNA, 
nplying that there was no contamination 

of the phage ON A preparation with intaa 
virus.

Our observations .will facilitate work
NATURC • VOL 34# • XA FEflPUARV 19#i' '

being done on genctk detemiinanis of 
AIDS virus pathogeoesis in nonhuman 
primates. Perhaps more important, these 
findings raise the possibility that AIDS 
virus DNA by itself may be Infectious for 
laboratory investigators, auggetting that 
viral DNA handling practices may require 
re-evaluation.

Norman L. Utvin 
Carol I. Loro 

Norval W. Kins 
Michaci S. Wyano

HarvarclMedicBi School.
Naw England Regional Primata 

Research Cantar.
$(^borough. Massaefiusaus 01772.

KvlV.Mvrick 
WiojamA. Haseltine 

Oana-Farber Cancer Institute.
Roston. Messaehusatts 02115. USA
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iemperature variations by the grvJnhousa 
effect. We have analysed air and sea sur­
face temperatures averaged over different 
regions of the tauh. and find that air 
temperatures averaged over equatorial 
regions and sea temperatures averaged 
over the equatorial Pacific are more highly 
correlated with the CO, anomalies than 
air lemperaiures averaged over non- 
cquatoriai northern (90* to 2.1.6* N) iir 
southern (90* to 2.3.6 * S) regions. This

COaand 

temperaty arc
Sir-Kuo el el. have shown* that the 
monthly concentration of atmospheric 

dioxide at Mauna Ua, Hawaii 
exhibits statisticaUy significant coherences 
over a range of frequencies with monthly 
surface air temperatures averaged over 
the entire globe. TTie CO, record lags 
Kthind the temperature record; this lag 
s consistent with the hypothesis that 

temperature fluctuations or associated 
meteorological changes' cause the short- 
icim CO, anomalies rather than vice 
vena, in any event, fluctuations in CO. 
concenirattoo at frequencies ^02 per 
2car arc too small to cause the obNcrved

result suggests that the sources and sinks 
of atmospheric CO. in question lie in the 
equatorial regions.

Wc have used the Goddard Institute for 
Space Studies (CISS) monthly air tem­
perature record from land stations', 
monthly ica surface tempcraiurc (SST) 
data from the Comprehensive Ocean- 
Aimosphetie Dat.'i Set (GOADS)' and the 
monthly atmospheric CO, record at 
Mauna Listt' to search for coherences 
between the temperature and the month 
to month change in the CO, concentra­
tion. The seasonal cycle in both ibe CO, 
and temperature time series is removed by 
calculating the departures from the mean 
values for each month of the year. Spcc^ 
tral analysis' allows us to ascertain directly 
the degree of coherency between the 
monthly temperatures and ilic moiuhly 
rate of change in CO, at different frequen­
cies. We use a gaussian spectral window of 
half-width a ■> 0.07 per year and apply a 
smtmth cutoff to each end of the time 
scries to reduce leakage.

Part a of the flgure shows the coherency 
between the monthly rate of change of 
CO, and surface air temperatures aver­
aged over the entire globe, over noo- 
equatorial northern region.% and over 
non-equatorial southern regions during 
March 1958 to December 1987. The prob­
ability that the observed coherences 
between the global air temperature and 
the month to month change in CO, in the 
irequen^ range 0.0 cycles per year < v <

u -
n«4MM«4, krOuei rail

Coboronco babvaen tn# monthly rata ofeoanga of CO, and Umparaturaa averaged over diffarant 
ragtona. Uppar and iMor hqruontai linaa. 80% and #8% eonfidenca limita, respactivaiy. Tba
apactr^lndowappaarainiboinaotord. ASpildlloa,fiobal«lrta(nparaturaa;daihadUna,4lr
tar^rmurw m northam ragion (90* to 93.e* N}; dottad Una. air tampanturaa In m 

(90 to 33.9* 9). 9. Solid lino, aquatorial air tamperaUira; dottad Una. SST in oia 
aquatodat Paemc. ' ...........
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ti» ..3.6 N arc cohercnj viiil, CO, over • 
hroadcr range of ffcq.icncici than tern.' 
^•r.uufe$ averaged over the entire eJobe 
U> In the figure). Coherences in the Mua- 

•/ frequencies higher than 
ri iighly 0.5 cycles per year arc apparently 
'^lished out in the glohal average; Sea 
•Mirlacc temperatures averoced over the 
equatorial Pacific region (2U‘* S |o 20* N and ^ W to 180") show coherences com- 
pitraWe to those in the equatorial ainem- 
I|vrHture record at fiequciieics greater 

at^ui 0 25 per year. Uotfa the equa- 
tonal air and the sea surface temperature 
show three peaks in the coherency at fre- 
qucncies of approximately 0.3,0.5 and 0.8 
cycles per year, but we do not know if they
represent physically distinct processes.

Phase analysis shows that the SST fluc­
tuations lead the CO, anomalies by about 
4 months but equatorial air temperature 
lc.iits CO, by only I month, niii differ­
ence is not surprising as the air tem- 
^;ni(ure is strongly correlated with the 
WT but lags behind by about 3 months. 
The relative time lags are consistent with 
Ihc hypothesis that fluctuations in SST set 
otf changes in the equatorial air lem- 
PCrufurc and the CO, concentration. If 
»ST variations directly affect equatorial.

Whale carcass^"
Sin—Communities of benthic marine 
invertebrates, including clams and other 
animals supported by chcmosynthetic 
processes, are associated with whale 
skeletons on the Jeep'seo floor*. Such
9A<a*««tta a . I.. a _ t

source* and sinks then the lag is consisichi 
with the atmospheric iranspon time for a

•T™
The flux of CO, between the aimoi- 

ph^cre and (he equatorial regions can be 
affected by fluctuations in the lem- 
j^raturc throu^ changes in CO, solubil­
ity, upweiling of CO,-enriched deep water 
and availability of nutrients for the 
organic carbon piwp. Associated changes 
ID wind and precipitation also affect ter- 
^iriai h|Ota, Tie coherence between 
CJSi^erat^nd CO, is significant over a 
range orTrequcncics in addition to those 
hat eharacteritt ENSO’. It is important 

to mnstder whether these mechanisms 
^ positive tern-

jwrature-CO, feedback on the longer 
timescales for which global warming is 
projected to occur.
, 3. B. MA8$roNLaboratory of.4fom/e and Solid State 

Physics.
Cornell University,
Ithaca. New York 14853^2501. USA

M. OPPrNHflMW
H. M. Fujita

Environmental Defense Fund^'
25 7Park Avenue South,
New York, New York 10010. USA
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•f' eewvi ■ <aiivHanimals, apparently dependent upon 
sulphide-rich reducing microenviron­
ments created by the decomposing car- 
c:i.s*cs. are closely related to laxa found at 
hydrothermal venu, cold seeps and on 
sunken wood*. We have found clams 
associated with three early Tertiaiv fossil 
whales from northwestern Washington 
Sutc. and our results Indicate that 
niolluscs may have been utilising this 
trophic resource for approximately the |)asi 35 million yean. ^

The fossil whales, in the collections of 
the Natural History Museum of Los 
Angeles County, are probably previously 
unknown taxi. Utey were caUected at 
three separate localiUes along the Aonhi 
shore of the Olympie Peninsula, from 
concretions within hemipelagic lilutones 
of the Makah Formation, depotited at 
lowcf to middlc-bathyal depths' and are

fringe deposiu* are otherwise nearly 
bayen ol macrofossils. and only a few 
Widely scattered deep-water gastropods 
(such as Aforia ipp. and Bathybembix 
*pp.) and large iiopod*^ have been found 
in mem.

Two of the fossil whales are small (less 
than 4 m body length) primitive mysticetci 
(baieen whales). Small clams (Modiolus 
»P-) ere found in the immediately sur­
rounding matrix. There are external 
moulds of clams (nyasira) in the matrix 
on the outside of one skull and within the 
cranial caviiy. n,* Uiird whale is a smaller
(foothed whale). A single clam (Lucin-

Both valves of all these clams are still 
anieulated in the flving position, and the 
nyasm inside the ikulf seems to be too 
large to have catered ecddentally through 
the forameo magnum, to It probably 
lutured wiihia the cranium. The dams, 
therefore, leciii to have bcco preserved 
where they lived end grew rather thaa

piccot toil
graphic honzon of the M.kah Forr 
where the whalcb were found 

The associuiion of fosurwhalci sn.i 
.clams in the Mukah Formaiion is in our 
opinion, nol coincidental. Extant'srH;cj“[ 
of clams m ihc same genera (MoZlux. 
Thyusira and Lurinoout) have been 
reported from modern* and ancient rciluc- 
mg environmcniN*. Their in situ relaiiun- 
ship with Ihc Oliyocene whales in oihcr- 
wise essentially fossil-barren deposits 
strongly suggcst.N that the) were pan of a

"r
Smith ei al.' suggested that whale car- 

casse* could be slcpping stones' for dis­
persal of such benthic Invertebrates 
especially vcm faunas, that depend on 
chemo.svnthesi.s. But, as pointed out hy 
Tunnietiffc and Juniper’, whale careuwes, 
are not good vent analogues. Anoilior 
p^blem for dispersal of vent faunas via 
whale carcasses is the timing. There is no 
rewrd of whales in the Pacific Basin 
before the latest Eocene (about 39 milliun 
years ago)*^; however, cold methane-scep 
communities* and (probably) hydroihcr- 
mal-vent communities cxuied in deep- 
ocean basins in the northeast Pacific as. 
*?^!X** Eocene. The carcasses
of Oligocene whales that lived in tb-’ 
North Pacific, ns exemplified hy ih 
from the Makah Formaiioii. w\ 
apparently not large enough to tus|.‘lin 
many organisms. Because whales of sizes 
comparable to some of the larger (15 m 
body length) recent mysiicctes are 
unknown in the Pacific Basin before the 
late Miocene', carcasses large enough to 
sustain many chemosynthetie animals 
were uiiavailalilc until about M million 
years ago. It is. (hcrefore, very unlikely 
that whales were significant in the early 
dispersal of vent faunas.
^ R.L. SguihES
Department of Geological ScietKes, 
California State University.
Northridge. California 91330. USA

J.LGocpcftr
15207 84th Avenue Court NW.
Gig Harbor. Washington 98329. USA 
^ LG. 6An.NCS
Section of Vertebrate Paleontology.
Natural History Museum of Los Angeles 

County.
900 Exposition Boulevard. LosAngeles, 
California 90007, USA
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POTENTIAL HEALTH IMPACTS OF GLOBAL WARMING

The impact of variable climate on human health and well-being is becoming a topic of 
increasingly intensive study, partially because of the potential threat of an anthropogenic-induced 
global warming. The majority of the climate/human health evaluations in the U.S. concentrate on 
mortality, as these data are not difficult to obtain, and they are much easier to interpret than most 
sources of general morbidity data, such as hospital admissions tallies or visits to the doctor. This 
testimony will concentrate specifically on weather-related mortality, and how it might change in 

a warmer world.

There has been considerable research on present-day climate/mortality relationships. For 
example, studies at the Centers for Disease Control have identified a number of factors that may 
inhibit the onset of heat stroke, such as consumption of fluids, availability of air conditioning, and 
living in well-shaded residences. Other researchers have noted that mortality attributed to weather 
seems to vary considerably with age, sex, and race, although there is disagreement in defining the 
most susceptible population group. Evaluations have been performed for winter weather impacts 
as well, and mortality increases have been noted during extreme cold waves.

Our research is unique in two ways. First, it represents the first attempt to evaluate the 
impact of weather upon mortality on a national scale, which allows for a detailed spatial analysis. 
Second, we are the first to develop estimates of mortality for the mid-21st century assuming that 
a global warming takes place. Thus, this testimony will comprise these two important facets: (1) 
a present-day spatial evaluation of weather-related mortality, and (2) estimates of what might 
happen to weather-related mortality in a warmer world, using weather scenarios developed by 
NASA’s Goddard Institute for Space Studies (GISS).

Historical Weather/Mortality Relationships

Many studies have shown that oppressively hot weather imposes a great stress on the 
physiological responses of the human body, and this is manifested in the form of increased 
mortality during these conditions. However, the degree of inter-regional response was vastly 
underestimated until recently, when a U.S. EPA-funded study of weather-related mortality for 50 
U.S. cities indicated a systematic disparity across climatic regions.

The EPA study demonstrated that many cities in the northeastern and midwestem United 
States show a sharp rise in total mortality during unusually hot weather conditions, and in some 
cases, daily mortality can be more than double baseline levels when the weather is oppressive. 
Interestingly, mortality rates rise only after a ’’threshold maximum temperature” is surpassed, and 
this threshold varies regionally based on the frequency of very hot weather. For example, the five 
cities which demonstrate the greatest rise in mortality during very hot conditions are New York, 
Chicago, Philadelphia, Detroit, and St. Louis, respectively. The threshold temperatures for these 
cities are: New York: 92°F; Chicago: 91°F; Philadelphia: 92°F; Detroit: 90°F; and St. Louis: 96®F.



The magnitude of the threshold temperature appears to be related to its frequency across these 
cities; for example, a maximum temperature of 96°F in St. Louis occurs with approximately the 
same frequency as a maximum temperature of 90°F in Detroit. This strongly suggests that the 
notion of a ’’heat wave” is relative on an inter-regional scale, and is dependent upon the frequency 
of a given maximum temperature.

However, there is also evidence to refute this notion. Mortality rates in the southern and 
southwestern United States do not seem to be affected by weather in the summer, no matter how 
high the temperature. For example, the cities of Dallas, Atlanta, New Orleans, Oklahoma City, 
and even Phoenix show little change in mortality even during the hottest weather. In fact, 
threshold temperatures for these cities are virtually impossible to define. One possible explanation 
may involve the variance in summer temperatures between the two regions. In the northern and 
midwestem cities, the very hot days or episodes are imbedded within periods of cooler weather. 
Thus, the physiological and behavioral ’’shock value” of a very high temperature episode is quite 
high. This point is further substantiated by the fact that most of the high mortality days occur 
during hot weather early in the summer season. Thus the first or second heat episodes of June or 
early July are much more critical than a comparative episode in August. For example, during an 
average summer, 31 people die of heat-related causes in Chicago in June, while ony 13 die in 
August. This is in spite of the fact that August is traditionally much hotter in Chicago than 
June. In the southern cities, the hottest periods are less unique, as they do not vary as much from 
the average temperature. This seems to play a role in diminishing the impact of a very hot episode 
on human mortality.

The relationships between weather and mortality appear to be much weaker in winter. 
While it is true that daily winter mortality averages about 10 percent higher than summer, there 
is no apparent temperature threshold below which mortality totals increase dramatically. In 
addition, the regionality in mortality which was apparent in the summer data is not evident in 
winter, although death rates are slightly higher in the Northeast and the Midwest than in other 
parts of the country. Finally, the generally higher winter mortality totals appear to be related to 
a seasonal increase in infectious diseases, such as influenza. It is probable that inclement weather 
forces people indoors and in closer contact, creating an environment which increases the 
probability of microbial or viral infection.

Weather-Mortality Predictions in a Warmer World

What do these mortality/weather responses imply for the warmer earth that many believe 
will exist in the 21st century? The answer depends primarily on how the population acclimatizes 
to this change in conditions. People might react to increased warmth in several ways. First, they 
might physiologically acclimatize, implying that changes in the physical make-up of humans might 
occur (such as an increased sweat rate) to account for the warmer weather. Second, there may 
be behavioral acclimatization, which might involve increased adeptness in avoiding stressful 
conditions by changing lifestyles. Third, acclimatization might take the form of a changing urban



environment, in which dwellings are constructed which are more efficient in dispersing heat during 
very hot weather.

Assuming that people react to weather in a warmer world much as they do today (implying 
little or no acclimatization), it is quite likely that deaths from heat stress-related causes will 
increase dramatically. Thus, our research indicates that regional climate changes, created by a 
doubling of C02 levels as estimated by the GISS model, could induce a sevenfold increase in heat- 
related deaths by the middle of the 21st century if acclimatization does not occur. This would 
render heat-related deaths as a major killer, rivaling the present number of deaths from leukemia. 
The greatest brunt of this increase would be borne in the northeastern and midwestem U.S., and 
it is estimated that the number of heat-related deaths in New York City would rise from the 
present 320 during a typical summer today to 1,743 during a typical summer in the mid 21st 
century. Under such circumstances, the number of days exceeding the threshold temperature 
would show at least a twofold increase, contributing to this dramatic rise.

Of course, a more likely scenario is that some degree of acclimatization will occur, as the 
gradual increase in warmth over the next 60 years would permit time for certain behavioral and 
physiological adjustments. A satisfactory means to account for this acclimatization has alluded the 
scientific community, although an attempt was made in the EPA Report to Congress on the 
potential effects of global climate change. Analog cities, which possess present day weather most 
duplicative of predicted mid-21st century weather for each evaluated city, were established to 
account for full acclimatization. For example, the use of the GISS doubled C02 climate change 
scenario to estimate weather in Atlanta in the mid-21st century will produce a regime which 
approximates the present weather in New Orleans. Since New Orleans residents are fully 
acclimatized to this regime, the weather/mortality relationships that exist today for New Orleans 
can be utilized for the mid-21st century estimated climate in Atlanta to account for full 
acclimatization.

Employing this acclimatization procedure, new estimates were developed for the number 
of heat stress-related deaths in the mid-21st century, yielding very different results from the 
unacclimatized estimates. Rather than the sevenfold increase developed for the unacclimatized 
model, less than a twofold increase results when accounting for acclimatization. In fact, some 
cities actually show a decrease in heat-related mortality if the population fully acclimatizes to a 
climate change. For example, the number of heat-related deaths which occur in an average 
summer today in Los Angeles is 84. If residents in Los Angeles fully acclimatize to the increased 
warmth expected in the mid-21st century, the number of heat-related deaths is estimated to drop 
to virtually zero. Astoundingly, if residents of Los Angeles don’t acclimatize at all, the number 
of heat-related deaths estimated for an average summer in the mid-21st century rises to 1570! 
Similar disparities between acclimatized and unacclimatized estimates are noted for some northern 
and midwestem cities such as Detroit, New York, and St. Louis.

This wide variation has much to do with the technique used in this evaluation to account 
for acclimatization. Since the climate analogs for the northern cities are other cities located further 
south, and considering that southern populations respond much less dramatically to heat, it is not 
surprising that the fully acclimatized mortality estimates are so low. This points to some



shortcomings within our acclimatization procedure. First, the only similarities drawn between the 
target and analog cities relate to climate alone, with no consideration of possible urban structural 
or architectural disparities. For example, many of the low income population in the South, who 
are expecially vulnerable to heat stress due to a lack of air conditioning or other amenities, reside 
in small frame houses which, although far from luxurious, are well-adapted to the rigors of a 
southern summer. They are often light colored with metal (reflective) roofs and well-ventilated 
with windows or doors on four sides. In contrast, most northern urban poor live in tenement 
dwellings constructed of dark-colored brick, black tar roofs, and windows often on two sides 
associated with a row house motif. During very hot conditions, these northern dwellings suffer 
from poor ventilation and absorb considerably more radiation than their southern counterparts. 
These regional architectural factors might partially explain the differential mortality response 
between northern and southern populations.

Assuming that people can physiologically adapt to the predicted increasing warmth, we can 
expect only a partial acclimatization to occur as it is highly unlikely that the architectural makeup 
of the urban area will change significantly over the next 50 to 75 years to account for warmer 
conditions. This is particularly true for dwellings of the poor, and it is unlikely that the tenements 
of northern cities will be leveled and replaced by other forms of housing which are more amenable 
to hotter conditions.

An added shortcoming of the acclimatization procedure is underscored by the fact that the 
analog and target cities are also very different in their demographic composition, as the differential 
proportion of elderly (who are particularly vulnerable to heat-related mortality) and minorities has 
not been accounted for. Furthermore, no attempt has been made to determine what these 
proportions might be in the target city in the mid-21st century. The expected increase in the 
percentage of elderly people (greater than 65 years old) over the next 75 years might partially 
counter the dampening in heat-related mortality attributed to physiological acclimatization.

Thus, the Report to Congress also includes an estimate of mid-21st century mortality 
assuming partial acclimatization, which is probably more realistic than the previous two estimates. 
The assumption here is that the apparent full acclimatization which presently exists in the South 
will not occur in a warmer North for two reasons; (1) any architectural changes in dwellings will 
lag considerably behind the warming itself, rendering many residences unsuitable for the increasing 
warmth, and (2) the demographic composition of these cities will be comprised of a larger 
proportion of people more vulnerable to heat-related stresses.

The partial acclimatization estimates for heat-related mortality represent a substantial 
increase over present-day mortality estimates, with over a three-fold increase predicted for the 
U.S. in the Report to Congress. Cities with the greatest number of projected deaths in an average 
summer using the doubled C02 climate scenarios are New York (880 heat-induced deaths 
compared to 320 today), Los Angeles (824 compared to 84 today), Philadelphia (700 compared 
to 145 today), and Chicago (622 compared to 173 today). Consistent with previous findings, 
southern cities will probably be less susceptible to heat-related mortality assuming partial 
acclimatization. For New Orleans, no heat-related deaths are estimated, and very few are 
expected for Oklahoma City (23 compared to 0 today) and Atlanta (79 compared to 18 today) as 
well.



As an added consideration, it is possible that the expected 1.5°C to 4.5°C wanning by the 
mid-21 century might actually increase temperatures in many southern and southwestern cities to 
levels which might be beyond the tolerances of our society. For example, the average annual 
number of days in Atlanta which exceed 90°F today is 17. This number is expected to reach 53 
by the mid-21 st century using the GISS doubled C02 scenario. Even more troubling is the number 
of days with temperatures exceeding 100°F. Presently, cities such as Memphis, Jackson, and 
Birmingham experience three such days during an average summer. This will increase to about 
20 days with the expected temperature increase. Considering similar increases in the number of 
very hot days in Phoenix and other southwestern cities, it is possible that certain areas might 
simply become uninhabitable in the warmer world of the mid-21st century. Of course, this is 
highly speculative, as no examples presently exist to support this notion.

Finally, any changes in winter mortality which might occur due to global warming are 
expected to be much too small to compensate for the sizable increases expected in the summer if 
the population partially acclimatizes. Assuming that indoor contact is responsible for much of the 
weather-related mortality in winter, there is no reason to expect that people’s activities will change 
dramatically by the mid-21 st century, as the temperature increases expected will be too small to 
change living habits to a significant degree.

There is much speculation which exists in research of this type. Beyond the uncertainties 
of acclimatization, this evaluation assumes that estimates from global circulation models, which 
assume that the world will be considerably warmer, are reasonably accurate. This leap of faith has 
prodded some skeptics to consider climate impact research of this type virtually useless. However, 
there is certainly the possibility that humans in a warmer world will respond in a fashion somewhat 
similar to what has been described here, and global warming/impact research should be considered 
an ’’insurance policy” to be drawn upon if signs of a large-scale warming begin to app>ear. At 
present, we are making decisions on greenhouse gas emissions which may commit our children and 
grandchildren to an environment with an altered climate. It is imperative, therefore, to appraise 
the range of potential lifestyle changes which they might be obliged to make in a warmer world, 
and to consider the negative implications which we might be imposing upon them in the process.



Testimony of Robert E. Shope, M.D. to the House Subcommittee on Health and 
the Environment, February 21, 1991.

Thankyou Mr. Chairman. My name is Robert E. Shope, and I am Professor 
of Epidemiology, Yale University School of Medicine. I am past president 
of the American Society of Tropical Medicine and Hygiene and I do research 
on Infectious diseases carried by mosquitoes, ticks and sand flies.
Thankyou for inviting me to testify on the possible effects of global 
climate change on the spread of these diseases. I request that my written 
statement be placed in the record.

Temperature and rainfall determine the distribution and frequency of a 
number of infectious diseases. Those diseases most likely to be affected 
are often focally distributed. Their localization depends on a reservoir 
such as an Insect or wild animal, and they need rainfall or water, and warm 
temperatures for the insect or animal to thrive. Not only does temperature 
limit the range of the vector, but also the larvae develop more rapidly in 
warm temperatures, and the infectious agent multiplies faster so the vector 
can transmit earlier in the season.

The expected climate change must not come too quickly, or else the 
reservoir arthropod may be abruptly killed; the vector and wild animal must 
also be able to move into the new territory that has become warmer. Some 
examples of diseases are malaria, dengue and St. Louis encephalitis 
transmitted by mosquitoes, and L)one disease carried by ticks.

Dengue exemplifies the problem. This virus disease causes hemorrhagic 
fever in children. The virus is carried by Aedes aegypti mosquitoes.
Since 1953 it has been a major killer of children in cities like Manila, 
Bangkok, and Jakarta. Hemorrhagic dengue spread to Havana in 1981 and has 
since caused large epidemics in Venezuela and Brazil; as we speak, it is 
killing people in Rio de Janeiro. Aedes aegypti thrives in tropical 
cities. It does not survive freezing, and has not yet established itself 
north of Memphis, Tennessee. The mosquito is common in Houston, Miami, and 
other southern U.S. cities. According to the CDC, tourists and business 
people infected with dengue virus enter the country regularly, but 
fortunately have not yet established epidemic dengue in our South. This 
disease is on the increase throughout the Tropics, the mosquito vector 
moves into warm areas with humans, and we can confidently expect warming of 
North America to set the stage for large epidemics of dengue in the 
southern United States.

St. Louis encephalitis could also become more prevalent. It was the 
fear of this mosquito-borne encephalitis that kept tourists away from 
Disney World in Orlando last year and it has been a serious health problem 
in California for years. The St. Louis encephalitis virus is transmitted 
in California by Culex tarsalis. These mosquitoes are most abundant in 
irrigated areas. Studies have shown that the risk of St. Louis 
encephalitis was greater with warmer temperatures, and risk peaked with 
average summer temperatures of 86 degrees F. (1) The explanation is 
straightforward. The virus is found in wild birds; mosquitoes feed on the 
blood of birds, then the virus must incubate in the mosquito before she can 
transmit to people. This Incubation occurs most efficiently at warm 
temperatures. Therefore with the warming of climate change, the mosquito 
will be ready to transmit earlier in the season, and more efficiently, thus



causing more human encephalitis.

I and others have written about additional possible examples such as 
yellow fever, malaria, Lyme disease, vampire bat rabies, cholera, viral 
diarrhea, and leishmaniasis. (2,3,4,5,6,7) These infectious diseases have 
the potential to move into newly warmed areas. Each of these could be out 
of control if we do nothing. In every case, with adequate resources, we 
can do something.

How can we meet the microbial threats associated with climate change? 
Congress can support links between medical and natural scientists; we can 
give priority in our research programs to studies of the ecology of 
Infectious diseases associated with climate. Studies of the fringes of the 
distribution of the arthropod vectors and animal reservoirs are especially 
important, because that is where changes are likely to occur. Vectors are 
developing genetic resistance to chemical pesticides. This is well- 
documented in California where local mosquito control districts are faced 
with the problem of killing the vectors of St. Louis encephalitis virus. 
Improved control of vectors, especially mosquitoes and ticks, should become 
emphasis areas of our Environmental Protection Agency and National 
Institutes of Health research programs.

In the case of dengue, the World Health Organization and federal 
government agencies are developing vaccines in a coordinated program. We 
can support the WHO, both through our normal assessment and through 
extrabudgetary means. We can support the outstanding dengue vaccine 
program of the Walter Reed Army Institute of Research. We can support the 
tropical Infectious disease research funded by the National Institute of 
Allergy and Infectious Diseases. In addition, the Centers for Disease 
Control and U.S. AID have the capacity to control vectors. They can be 
encouraged to work with the Pan American Health Organization to organize 
control of Aedes aegyptl in Latin America, both to help the Latin nations, 
and to delay the Introduction of dengue to the U.S. It takes years to 
develop new vaccines, but with tactics to delay Introduction, and with 
adequate resources to support development, the vaccines should be available 
to the U.S. by the time gradual climate change has created favorable 
conditions here for dengue.

Finally, we need to study Infectious agents that have potential to 
emerge, especially in areas such as Alaska where U.S. populations may 
migrate to cope with warming.

The measures I have suggested are actions needed with or without 
warming; the threat of climate change now lends them Imnedlacy. This 
concludes my formal statement. I would be pleased to answer questions that 
the Subcommittee may have.
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STATEMENT OF 
DR. RICHARD A. PARK

Thank you Mr. Chairman. I would like to summarize briefly the causes of sea level rise due to global 
warming, the potential impacts that it will have on coastal areas, including communities, wetlands, and 
fisheries, and appropriate responses to the threat.

For the past six years I have been part of a team of scientists, including Steve Leatherman, Rich Weggel, 
and Gary Yohe, working with Jim Titus at EPA to assess the damages and costs of sea level rise during the 
next century. In 1989 we contributed to the Report to Congress entitled The Potential Effects of Global 
Climate Change on the United States: part of my purpose today is to update our earlier estimates of 
impacts. Since 1987 the National Research Council and others have generally accepted a 1-m rise by the 
year 2100 as a best estimate. If you will turn to Exhibit 1 you will see that the estimates have varied greatly. 
The Intergovernmental Panel on Climate Change estimates of 30 to 110 cm with a best estimate of 66 cm, 
or 2 ft, are somewhat lower; but, as you can see from Exhibit 2, they did not include an estimate of Antarctic 
ice discharge or groundwater loss due to drought conditions. I will confine my remarks today to the 1-m 
scenario.

We can consider both ecological and economic impacts. In the Report to Congress we estimated that a 
1-m rise could result in a 46 to 66% loss in wetlands, depending on whether or not adjacent dry land is 
protected by bulkheads and dikes. Salt marshes are valuable because they provide flood control, water 
purification, and nursery grounds for coastal fisheries. Brown shrimp, in particular, depend heavily on 
saltmarshes. In Exhibit 3 you can see that the fishery zone including Galveston Bay, Texas, and the area 
east to the Louisiana state line could experience an increase in saltmarsh conditions suitable for brown 
shrimp over the next three decades, as wetlands migrate onto adjacent dry land; then, however, a 
catastrophic decrease could occur as inundation proceeds, with the catch going from 15% above present 
levels to 40% below. The brown shrimp fishery offshore of Port Richey, Rorida, which is already marginal, 
would gradually deteriorate as saltmarshes are inundated and then replaced by mangrove swamps due to 
global warming. Overall, we estimate that the brown shrimp fishery in the Gulf of Mexico may experience 
a slight increase in catch during the next decade, but that with a 1 -m scenario, the catch could suffer at least 
a 35% decline by the year 2040.

On the economic side, my colleagues and I submitted our original analysis for the Report to Congress to 
the journal Coastal Management. By the time we had made all the revisions suggested by the reviewers 
the estimate of the costs of sea level rise for coastal areas had tripled from about $100 billion to between 
$275 and $400 billioni Exhibit 4 shows the sources of our revisions. One of the largest components is the 
cost of pumping sand onto beaches and barrier islands to offset inundation and erosion; several reviewers 
found our original assumption of required sand quantities to be too conservative. We also included the 
additional costs for land for dike construction, undeveloped lands lost, and wetlands lost.

Even our new estimates are probably too low. For purposes of the preliminary analysis we have assumed 
that only existing developed areas will be protected. In fact, there is and will continue to be new 
development, which means that the area requiring protection and that wetland loss could be much greater, 
unless there is a serious Federal effort at long-term planning for sea level rise. An article in the current issue 
of Environmental Management systematically analyzes adaptation options, demonstrates that immediate 
policy action is warranted—even if one believes that there is only a 5% chance for global warming, and 
recommends that an interagency task force be created to develop a strategy for adapting to sea level rise.

Mr. Chairman, it is appropriate for you to focus your efforts on limiting emissions. Nevertheless, the IPCC 
has concluded that it is already too late to prevent a 16- to 59-cm rise in sea level by 2100, so we must also 
help the most vulnerable areas of our country adapt. There will be plenty of time to build dikes to protect 
our cities as the need arises, but land use decisions cannot be reversed as easily as we can build dikes. 
If we fail to prepare for sea level rise, our coastal ecosystems and fisheries will be the victims of our lack 
of foresight. Analogous to health care, we must couple prevention and treatment of the causes and effects 
of sea level rise. Over the last decade scientists and public officials have defined the options; we now need 
a policy decision at the Federal level in order to proceed. Thank you.
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ESTIMATES OF SEA LEVEL RISE (cm)

Study Thermal
Expansion

Alpine Greenland Antarctica
Accumulation Ice Discharge

Groundwater Total To
Year

Revelle (1983) 30 12 12 — -- — 70 2080

Hoffman (1983) 
(1986)

28 to 115
18 to 83 12 to 37 6 to 27 12 to 220

— 56 to 345
58 to 367

2100
2100

PRB (1985) — 10 to 30 10 to 30 -10 0 to 110 — 10 to 160 2100

Robin (1986) 30 to 60 8 to 32 0 to 10 -10 to 0 — — 80 2080

Thomas (1986) 28 to 83 14 to 35 9 to 45 — 13 to 80 — 60 to 230 2100

Meier (1990) 20 ± 10 16 ± 14 8 ± 12 -30 ± 20 0 20 ± 30 34 ± 42 2050

IPCC (1990) 6.8 to 14.9 2.3 to 3.7 0.5 to 3.7 -0.8 to 0 — — 8.7 to 28.9 2030

IPCC^ (1990) 21 to 50 9 to 40 3 to 18 -3 to 0 - — 30 to 110 2100

1 Extrapolated from above estimates for 2030 using ratio of estimates of 2100 to 2030, except for total which is IPCC’s published estimate.
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Cost of Sea Level Rise
Comparison between EPA (1909) and Titus el ai. (1991)
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SEA LEVEL RISE PROJECTIONS

One of the consequences of global warming due to emissions of greenhouse gases will be a dramatic rise 
in sea level over the next century. Long-term sea level changes related to climatic changes are due to

• thermal expansion as oceanic water warms
• melting of small glaciers and ice caps
• accumulation of snow (causing a reduction in sea level) and increased discharge of ice to the sea

in Antarctica
• melting and increased discharge of the Greenland ice sheet (and possibly accumulation of snow)
• loss of ground- and surface water due to drought conditions on land

ESTIMATES OF FUTURE SEA LEVEL RISE
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Many uncertainties are associated with 
predictions based on these processes, 
and these uncertainties are reflected in 
the range of estimates of future sea 
level rise (Figure 1). One particular 
uncertainty, currently being debated, is 
the importance of increased snowfall 
on the Greenland and Antarctic ice 
sheets as opposed to increased 
discharge of those ice sheets into the 
oceans and melting of grounded ice 
shelves in Antarctica. The 
Intergovernmental Panel on Climate 
Change’s estimate of 30-110 cm, with 
a best estimate of a 66-cm (2 ft) rise 
by the year 2100, assumes a net loss 
due to snow accumulation in 
Antarctica; even their high estimate 
assumes no net contribution from
Antarctica or from groundwater loss due to drought conditions (Table 1). Given the uncertainties, it seems 
prudent to consider possible impacts from future sea level rise comparable to or greater than the IPCC 
estimate. In the Report to Congress (Smith and Tirpak 1989) we based our analyses on scenarios of 50, 
100, and 200 cm; our current estimates emphasize the 50- and 100-cm scenarios (Titus et al. 1991).

------ HISTORIC — 0.5 m • 1.0 m ------ 2.0 m

Figure 1. A comparison of various estimates of sea level rise, 
including the IPCC estimate of 66 cm by 2100 and the scenarios 
used by Smith and Tirpak (1989), Park et al. (1989), and Titus et 
al. (1991).



Table 1. Estimates of Sea Level Rise (cm)
study Thermal

Expansion
Alpine Greenland Antarctica

Accu. Ice Dischrg
Groundwater Total To

Year

Revelle 
(1983)

30 12 12 - - - 70 2080

Hoffman
(1983)
(1986)

28 to 115
18 to 83 12 to 37 6 to 27 -

12 to 220 - 56 to 345
58 to 367

2100
2100

PRB
(1985) - 10 to 30 10 to 30 -10 0 to 110 - 10 to 160 2100

Robin
(1986)

30 to 60 8 to 32 0 to 10 -10 to 0 - - 80 2080

Thomas
(1986)

28 to 83 14 to 35 9 to 45 - 13 to 80 - 60 to 230 2100

Heier
(1990)

20 ± 10 16 ± 14 8 t 12 -30 t 20 0 20 t 30 34 t 42 2050

IPCC
(1990)

6.8 to 14.9 2.3 to 3.7 0.5 to 3.7 -0.8 to 0 - - 8.7 to 28.9 2030

IPCC^
(1990)

21 to 50 9 to 40 3 to 18 -3 to 0 - - 30 to 110 2100

1 Extrapolated from above estimates for 2030 using ratio of estimates of 2100 to 2030, except for total u ich 
is IPCC's published estimate.

IMPACTS OF SEA LEVEL RISE

Sea level rise of 50 to 100 cm by 2100 will have 
profound effects on coastal areas. If we assume that 
all land developed by 1986 will be protected by dikes, 
then the land lost through inundation and erosion is 
estimated to be worth $13 billion to $71 billion in 1988 
dollars (Figure 2). The value of vegetated wetlands 
lost is potentially even greater, given the services they 
perform, including nurseries for coastal fisheries, flood 
control, and water purification: we estimate the value 
lost will be between $11 billion and $128 billion (Figure 
3).
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_ * u u u. ■ u eroded by sea level rise (based on Titus et al.
One sector that will be hard hit is the shrimp fishery in ^gg.|^
the Gulf of Mexico. Brown shrimp, in particular, 
depend heavily on saltmarshes. Investigators at the
National Marine Fisheries Service Galveston Laboratory have observed that shrimp production may increase 
temporarily with slightly accelerated sea level rise, but that it may decline sharply with higher rates of rise 
(Zimmerman et al. 1991). Using the NMFS historic shrimp data and our forecasts of changing marsh 
conditions, we estimate that the brown shrimp fishery in the Gulf of Mexico may experience a slight increase 
in catch during the next decade, but that with a 1-m scenario, the catch could suffer at least a 35% decline 
by the year 2040 (Figure 4).

It is instructive to examine the predicted responses of two quite different coastal areas (Figure 5). The 
fishery zone inciuding Gaiveston Bay, Texas, and the area east to the Louisiana state line could experience



an increase in saltmarsh conditions suitable for brown 
shrimp over the next three decades, as wetlands 
migrate onto adjacent dry iand; then, however, a 
catastrophic decrease could occur as inundation 
proceeds, with the catch going from 15% above 
present levels to 40% below. The brown shrimp 
fishery offshore of Port Richey, Rorida, which is 
already marginal, would gradually deteriorate as 
saltmarshes are inundated and then replaced by 
mangrove swamps due to global warming.

The estimates of impacts of saltwater intrusion on 
freshwater supplies have been studied in the Deiaware 
basin, Rorida, and San Francisco Bay, but require 
additional study elsewhere. Measures for 
counteracting saltwater intrusion usually involve 
increased discharge of water, which could be in short 
supply if drought conditions prevail. Freshwater intake 
on estuaries is protected by controlled discharge of 
upstream water to force saltwater seaward (Hull 1986, 
Williams 1989). Coastal aquifers are often protected 
by regulating withdrawal of groundwater and by 
maintaining a freshwater head with recharge ponds 
and injection wells (Sorensen et al. 1984).

Using FEMA data, we are initiating a study of the 
coastal impacts of sea level rise coupled with flooding 
and storm surge. One cause for alarm is not only that 
sea level rise will greatly increase coastal areas subject 
to flooding from so-caiied 100-year storms, but that 
storms of such intensity may be more frequent in the 
next century. Emanuel (1987) has estimated that a 40- 
50% increase in the destructive potential of hurricanes 
could occur as a result of warming associated with 
doubling of COj.

COSTS OF HOLDING BACK THE SEA
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Figure 3. Value of vegetated wetlands lost due to 
sea level rise (based on Titus et al. 1991).

BROWN SHRIMP, GULF OF MEXICO
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Figure 4. Percent change in catch of brown 
shrimp in the Gulf of Mexico with a 1-m sea level 
rise.

BROWN SHRIMP, GULF OF MEXICO

Figure 5. Percent change in catch of brown 
shrimp for fisheries near Galveston, Texas, and 
Port Richey, Rorida.

In the 1989 Report to Congress preliminary estimates 
were given for the costs of protecting residential and 
commercial areas from sea level rise (Titus and Green 
1989). The figures for the cost of bulkhead and dike
construction have not changed; for 50- and 100-cm scenarios they vary between a low of $5 billion to a high 
of $33 billion (Figure 6). However, the value of the land that the dikes will occupy was not considered 
earlier, and that could be another $9 billion to $48 billion (Figure 7).

Barrier islands and spits are especially vulnerable to inundation and erosion from sea level rise. Leatherman 
(1989) has given low estimates of the sand required to maintain Rorida Atlantic beaches and barrier islands 
(Figure 8). The costs for sand for that stretch of coast alone could be $845 million for a 50-cm rise and $1.9 
billion for a 100-cm rise. Additional study and computations have yielded significantly higher figures for 
protecting barrier islands nationwide (Titus et al. 1991). The cost of supplying sand to nourish eroding 
beaches and to raise barrier islands in place would still be $15 billion as a low estimate, but could go as 
high as $146 billion to protect against a 100-cm rise (Figure 9). Furthermore, the cost of raising roads.



COST OF COASTAL DEFENSE
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Figure 6. Cost of constructing bulkheads and
dikes to protect developed coastal areas (based 
on Titus and Greene 1989).
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■igure 8. Sand required to maintain Rorida 
Atlantic beaches and barrier islands (after 
Leatherman 1989).
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figure 9. Cost of supplying sand to maintain 
beaches and barrier islands (based on Titus et al. 
1991).

bridges, drainage lines, and other structures is now 
estimated to be between $29 billion and $170 billion 
(Figure 10).

THE CONFLICT BETWEEN COASTAL 
DEVELOPMENT AND COASTAL ECOSYSTEMS

COST OF COASTAL DEFENSE 
RAISE STRUCTURES
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As developed areas are protected, wetlands will be 
squeezed between the advancing sea and the land 
being protected. The costs of losing those wetlands Figure 10. Cost of raising roads, bridges, and 
will be even greater If further development results in other structures (based on Titus et al. 1991). 
additional bulkheads and dikes to impede the 
landward migration of these important ecosystems.
The estimated costs given for protecting residential and commercial developments and the value of wetlands 
lost are minimal because they assume no new development. However, coastal areas are under severe 
pressure for development in many regions. We are currently preparing estimates of future development and 
the costs involved in protection.

IMMEDIATE POUCY ACTION IS NEEDED

Governments lack the funds to purchase all undeveloped lowlands subject to inundation, and they lack the 
authority to prohibit their development. Titus (1991) has proposed that a legal mechanism be established 
to allow property owners to use coastal property, but prohibiting construction of bulkheads-thereby



ensuring that the land will be abandoned when it is threatened by the rising sea. An alternative could be 
to convert property rights of current owners (with compensation if necessary) to conditional leases that 
would expire whenever the property Is inundated by sea level rise. The cost will be small if the policy is 
formulated now, but great if we delay until sea level rise projections are more precise.
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1 thank you for the invitation to present to this congressional 
committee reports of recent massive disturbances within marine 
ecosystems which may be the consequence of global climate change. 
My colleague, Dr. Ernest H. Williams, Executive Director of the 
Association of Marine Laboratories of the Caribbean and Professor of 
Marine Science at the University of Puerto Rico, regrets that he is 
unable to appear before the committee today. I would like to 
summarize his testimony (Williams, 1991) and then to describe data 
from my own research on tropical coral reef bleaching events in the 
Caribbean region.

WILLIAMS TESTIMONY- SUMMARY

These disturbances have been observed over wide regions in 
many parts of our oceans. They are mounting in severity and are 
affecting increasingly more organisms and more species. The 
incidence of these mortalities, abnormal growths, and stress 
responses has risen dramatically since 1980. Moreover, they are 
occurring at a time when marine environmental temperatures are 
increasing and when other expressions of global climate change are 
being predicted. Should these climatic trends continue, we expect 
that the incidence of these marine events will rise, leading to 
widespread death of sensitive organisms, shifts in ecosystem 
composition, and the ultimate loss of entire species or even 
ecosystems.

The cause for many of these disturbances is unknown. The 
ranges and frequencies of these events are too extensive in space 
and time to ascribe them to a local insult or pollutant. These are 
large scale ecosystem perturbations which are interpreted to be the 
consequence of changes that operate over broad geographic areas and 
throughout multiple zones of depth in the marine environment. Global 
climate change would certainly be consistent with, if not directly 
responsible for, the scale of disturbances observed. Marine 
ecosystem effects which might be expected from global climate 
changes are those which alter the physical or chemical features of 
sea water, or which change the rate of proliferation and distribution 
of organisms in the marine environment.

One marine disturbance which appears to be linked to a 
physical change in sea water is the bleaching of sessile organisms 
of the tropical coral reef ecosystem. Coral reef bleaching, as it is 
commonly termed, is a general stress response which we know may



be elicited by increasing sea temperature, by decreasing salinity, or 
by decreasing water clarity. These physical changes in sea water 
impose stressful conditions which are incompatible with the 
maintenance of the symbiotic relationship between sessile marine 
organisms and their unicellular algae. Soft corals hard corals, and 
sponges of the reef ecosystem all harbor these photosynthetic plant 
cells. When environmental changes are introduced abruptly, the 
symbiotic relationship uncouples, the algae are sloughed, a dramatic 
and visible color change occurs, and when prolonged the host 
organism is at risk for predation by opportunistic organisms and 
eventually for death.

In our research on the histological and metabolic changes in 
the stony coral during bleaching (Hayes and Bush, 1990), we have 
observed that the bleaching response of a coral colony appears 
gradually by the spread of localized bleached areas. The tissue 
changes during bleaching include a loss of algal cells, the death of 
many of these cells, the release of copious amounts of mucus, and 
the physical disruption of coral tissues. After bleaching for short 
durations, some coral colonies do recover; however, others bleached 
for longer periods or to a greater degree have died. We have reports 
from the most recent bleaching episode in the fall of 1990 that 
coral mortality was high. Many colonies have died, and some species 
have been eliminated from zones of the reef ecosystem.

The bleaching of the reef coral is not simply a cosmetic change 
in color. Although the observed color changes are most easily 
detected, there are several less obvious changes in these colonies 
which indicate the severity of the bleaching. In the bleached 
condition, the corals:

1. No longer secrete their skeleton
2. Are unable to nourish themselves
3. Do not reproduce
4. Have reduced resistance to opportunistic organisms, and
5. Can not defend themselves physically against parasites.

Therefore, the bleached coral is vitually starving, defenseless, 
and growthless. The skeletal frame of the reef is eroding, since 
there is no longer a mechanism for depositing the crystalline 
calcium carbonate of the reef. If these events occur over vast areas 
of the reef and for a protracted time, not only will species disappear 
from the reefs, but the reef frame will be destroyed and overgrown



with fleshy algae. The loss of the tropical reef ecosystem, 
especially in conjunction with sea level rises, would be unfortunate 
for seacoasts and islands which depend upon these natural barriers 
for physical protection.

Another aspect of our research has been to analyze satellite 
derived sea surface temperatures in the Caribbean region during 
periods when coral reef bleaching has been observed. In 
collaboration with Dr. Thomas Goreau of the Global Coral Reef 
Alliance and scientists with the National Ocean Service and Ocean 
Assessment divisions of NOAA, we have statistically analyzed sea 
temperatures in several locations over the past decade (Goreau et al, 
1991, Roberts, 1990). We have found that when sea temperatures are 
elevated above seasonal norms, coral reef bleaching occurs. We 
conclude from these data that abnormal warming correlates 
precisely with coral reef bleaching, and is essential for, if not the 
triggering event behind, the bleaching events.

In testimony before a U.S. Senate Committee chaired by 
Senator Ernest Rollings (D, South Carolina) and Senator Albert Gore 
(D, Tennessee) in October, 1990, Dr. Williams, Dr. Goreau, myself, 
and other marine scientists, recommended a series of measures 
which might be undertaken to address the problem of coral reef 
bleaching (Hayes et al, 1990). These were:

(1) to establish in-water and atmospheric monitoring stations 
throughout the coral reef ecosystem to allow long-term 
determination of environmental conditions which might account for 
these changes:

(2) to enhance funding for research into the causes and mechanisms 
of coral reef bleaching:

(3) to establish a network for alert scientific communication about 
events in the marine environment:

(4) to educate the public about the sensitivity of the marine 
ecosystem to local and global insults: and

(5) to encourage federal agencies such as NOAA to apply remote 
sensing technology systematically in the tropical marine ecosystem.



As a medical educator and as a bio-medical researcher, 1 would 
argue that global climate changes, including global warming of our 
atmosphere and our oceans, pose serious threats to the survival of 
individuals, species, and ecosystems. Not only is the marine 
ecosystem at risk (Richards and Bohnsack, 1990), but humanity 
itself may suffer adverse effects of global climate change (Leaf, 
1989). Continued atmospheric and sea warming, sea level rising, and 
storms resulting from global climate changes will certainly lead to 
more frequent and more pervasive marine disturbances. We would be 
well advised to act promptly to offset further deterioration in our 
global environment.
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Good Morning. My name is Dr. Rosina Bierbaum and I am a Project 

Director at the Congressional Office of Technology Assessment, responsible for 

its work on climate change. We recently completed the report "Changing By 

Degrees: Steps to Reduce Greenhouse Gases." At the Subcommittee's request, I 

submit the Summary of that report for the record. Printed copies of the full 

report should arrive from the Government Printing Office later today; I will 

be pleased to make available copies to all interested Committee Members and 

staff.

This work was requested by six Full Committees of the Congress in 1988, 

two in the House and four in the Senate. The House requesters are: Committee

on Science, Space and Technology, and Committee on Foreign Affairs. The 

Senate requesters are: Committee on Commerce, Science and Transportation;

Committee on Energy and Natural Resources; Committee on the Environment and 

Public Works; and Committee on Governmental Affairs. Although the House 

Committee on Energy and Commerce was not a requesting Committee, you 

highlighted global warming as an area warranting future research 11 years ago 

in a letter to OTA requesting an acid rain assessment.

Our climate change study, as requested by the Committee letters, focused 

on carbon dioxide (CO2) emission reductions achievable over the short-term-- 

that is, within the next 25 years. Unlike some other Congressionally-mandated 

studies, we did not have a preconceived target--such as 20 percent below 

current emission levels or a freeze on carbon dioxide emissions.



I would like to highlight three points today:

o A mix of policies crossing all sectors will be needed to keep CO^ 

emissions from rising significantly over the next 25 years, 

o With new aggressive initiatives, it is conceivable the United 

States could decrease CO2 emissions to 35 percent below today's 

levels by 2015;

o Even so, after 2015, emissions will rise again unless vigorous and 

sustained research, development and demonstration (RD&D) on non­

fossil alternatives (such as solar and nuclear power) leads to 

their commercialization by that time.

OTA looked at the ability of different technical options to reduce 

emissions under two scenarios: "Moderate" (basically cheap and easy), and 

"Tough" (not so cheap or easy). The Tough scenario is designed to be 

technically feasible; it is not a hypothetical "technical potential" scenario 

involving untested prototypes, but one tempered with reality and driven by 

natural replacement times of equipment). Our results surprised us. To 

summarize (as displayed in the attached figure):

Without any new initiatives, CO2 emissions in the United States are 

likely to increase by 50 percent between now and 2015.

Under our Moderate scenario, we can hold that growth to 15 percent over 

current levels. This scenario is low or no cost; the estimated $145 billion 

saved in avoided fuel costs offsets initial costs for purchasing more 

efficient equipment.

OTA'S Tough scenario drops CO2 emissions 35 percent below 1987 levels-- 

that is, it eliminates the 50 percent growth that would occur without new 

initiatives plus decreases emissions by another 35 percent. Of the CO2



reductions and offsets possible under our Tough scenario, about 30 percent 

would come from commercial and residential buildings; about 25 percent from 

manufacturing: between 15 and 20 percent each from transportation and electric 

utilities; and about 10 percent from forestry. This tough scenario may or may 

not be expensive: adding up the upper and lower cost bounds of the 100

technical options we modeled suggests the cost of our Tough scenario could be 

anywhere between making the country $20 billion a year to costing up to $150 

billion dollars per year. The upper estimate is about equivalent to a recent 

EPA estimate of what we will be paying for all environmental protection by the 

year 2000.

Of course, many other scenarios are possible, as well. There is enough 

information in the report to specify a control program that can achieve 

targets between our Moderate and Tough scenarios, such as a freeze at 1990 

levels or 20 percent below--targets being discussed by several other 

industrialized nations.

If the United States chose a goal between our Moderate and Tough 

scenarios, starting with the diverse measures in our Moderate scenario would 

be a reasonable, but not sufficient, first step. Congress would need to add 

some of the more cost-effective "Tough" measures, such as more energy- 

efficient new building construction, improved commercial lighting, more 

efficient industrial motors, and tighter appliance efficiency standards. 

Measures "halfway" between those specified for our Moderate and Tough 

scenarios are also possible.

Regardless of scenario, note that the timing of the reduction target is 

quite important. Some measures can be quickly implemented (for example, 

retrofits such as insulating homes, or replacing light bulbs). Others, such 

as retiring and replacing existing power plants, factories, buildings, and 

equipment may require decades. The 25-year time frame was too short to



include a scenario to supplant fossil fuels and have non-C02 emitting 

technologies supplying the major fraction of United States energy.

To be able to make the transition to non-C02 sources (such as solar 

technologies or a new generation of nuclear power) soon after the 25 year 

horizon of our assessment, a strong RD&D effort is needed starting today.

Even under our Tough scenario, CO2 emissions will begin to rise again shortly 

after 2015 unless new nonfossil supply can be brought on line. This is 

because economic growth--demand for new goods and services --begins to outstrip 

foreseeable prospects for further efficiency improvements.

While we believe both the Moderate and Tough cases are possible futures 

for the United States, neither will happen without policy intervention. A 

combination of regulatory 'push' and market 'pull', will be needed. These 

include performance standards, tax incentive programs, carbon-emission or 

energy taxes, labeling and efficiency ratings, and RD&D activities. We 

believe that to achieve lasting reductions in greenhouse gases, government 

signals (e.g., pricing and regulatory policies) need to be consistent and 

reinforcing. Moreover, no single sector of the economy can achieve sufficient 

emissions reductions alone.

Attached to my statement is a table outlining the most promising 

technical options to lower CO2 emissions and the policy options for achieving 

them. These are organized by economic sector. For example, under residential 

buildings, promising technical options include better insulation, windows, and 

improved construction methods to lower heating and cooling needs. For new 

homes, these can be achieved through building energy codes for new construc­

tion. For existing homes, "demand-side management" programs implemented by 

electric and gas utilities may be more appropriate. Information programs, 

such as requiring home energy ratings for Federally-supported mortgages, would 

be helpful adjuncts.



In the transportation sector, a combination of tighter fuel efficiency 

standards and financial measures such as a gasoline tax offer the greatest 

opportunities for reductions.

In both the utility and industrial sectors, we see opportunities both 

for efficiency improvements and for fuel switching from high carbon-emitting 

fuels (coal) to lower carbon-emitting fuels such as natural gas. In these 

sectors, with fewer -- and more financially savvy -- decisionmakers, so called 

"market based" approaches such as a carbon tax or marketable carbon permits 

are prime candidates.

For forestry, increased tree planting can provide some CO2 offsets by 

storing carbon in plant tissue or replacing the use of fossil fuels. In this 

sector, expanding the Conservation Reserve Program, adding incentives for 

forest management, and increasing existing Federal forestry assistance pro­

grams would help. However, it is important to recognize that these offsets 

are only short-term; eventually the stored carbon will be released back to the 

atmosphere.

Our report also includes options available to the United States to help 

lower CO2 emissions abroad and options to lower other greenhouse gases such as 

methane and nitrous oxide from the food sector.

In conclusion, the extent to which the United States can reduce 

emissions has been hotly debated. OTA's analyses show that we already have 

technical options that can significantly slow the rate of growth (our Moderate 

Scenario) or reduce emissions well below current levels (our Tough Scenario).

I will be happy to answer questions.
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Selected Options To Lower U.S. Carbon Dioxide Emissions
Measums that affect all sectors: 

Pron^slng policy options:
• carbon emission tax
• mart(etable permits for carbon emissions
• RO&O for noncarbon energy sources 

and energy-eff Ident technologies

Buildings:
Technical options:

• Better insulation, windows, and Im­
proved construction methods to lower 
heating and cooling needs

• more efficient furnaces, air condition­
ers, and appliances

• Improved lighting, especially In com­
mercial buildings
Promising policy options:

• efficiency standards such as tighter 
appliance standards and building en­
ergy codes for new construction

• “demand-side management’programs 
by electric and gas utilities to facilitate 
Improvements in existing buildings

• Information programs such as energy 
audits and home energy ratings as a 
requirement for nrwrtgages

Transportation:
Technical options:

• fuel efficiency improvements
• increased use of mass transit, van- 

pools, and carpools
• more efficient vehicle operation 

through measures to reduce conges­
tion, reinstate 55-mph speed limit

Promising policy options:
• tighter fuel efficiency standards for cars 

and trucks
• gasoline tax
• transportation control measures (e.g., 

high-occupancy vehicle lanes and park­
ing management), better mass transit, 
and Improved urban design

Manufacturing:
Technical options:

• continuing process improvements— 
especially for iron and steel, chemi­
cals, paper, and petroleum

• Increase cogeneration of electricity 
and heat

• Improved electric motors
• fuel switching from coaJ to gas

Promising policy options:
• carbon emission tax
• Joint Industry/utlllty programs for '‘de­

mand-side management"
• marketable carbon emission permits

Electricity generation:
Technical options:

• Increased use of nonfossil sources 
(e.g., hydro, wind, solar, nuclear)

• co-firing existing coal-fired plants with 
natural gas

• retiring existing fossil-fuel-fired plants 
after 40 years
Promising policy options:

• marketable carbon emission permits
• carbon emission tax

• efficiency standards, carbon emission 
limits, and/or moratorium on new coal- 
fired powerplants

• RD&D for noncarbon energy sources
Forestry:

Technical options:
• increasing productivity of forests
• planting trees on marginal croplands, 

other nonforested rural lands, and in 
urban areas

• growing short-rotation woody crops for 
use as bionnass fuels
Promising policy options:

• increase existing Federal forestry as­
sistance programs

• expand Conservation Reserve Program
• tax Incentives for forest management, 

tree planting
Food:

Technical options:
• decrease livestock methane emissions
• Increase efficiency of nitrogen fertilizer 

use to reduce nitrous oxide emissions
• take marginal croplands out of produc­

tion and rotate crops
Promising policy options:

• Increase research funding to evaluate 
efficacy of methano-redudng practices

• require farmers to adopt environmen­
tally sound agricultural practices as a 
prerequisite for receiving Federal price 
and income supports

• continue to remove disincentives to 
crop rotations
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We are faced with evidence that our global environment is 

threatened by our reliance of fossil fuels to power economic 

development. The potential changes to our global climate 

associated with emissions of carbon dioxide is one important 

example of the environmental risks posed by our current mix of 

energy sources. Indeed, we and a few other countries have created 

the model upon which many developing countries are now relying. 

This model equates large-scale fossil fuel exploitation with long­

term economic development. Our global environment cannot sustain 

the projected levels of growth in fossil fuel emissions that will 

occur as developing nations seek their share of the world's wealth 

— fueled the same way the rest of world received theirs.

This committee has established a strong track record of 

addressing the health and environmental risks associated with 

combustion of fossil fuels. Further, this committee has played 

important roles in dealing, directly and indirectly, with gases 

that contribute to global warming, such as CFC's and carbon 

monoxide. My comments today focus mainly on steps needed to reduce 

carbon dioxide emissions. Other speakers are better able help the 

committee focus on other greenhouse gases, such as methane, about 

which we know to learn much more.

I know the committee is aware that to focus on the role of 

carbon dioxide in increasing risks of climate change is to focus on 

our national energy consumption and production patterns. This does 

not mean, however, that a solution can only be devised through the 

perspective of a national energy strategy. For example, a



conventional air pollution perspective can also be adopted — one 

could ask what national emission levels of carbon dioxide are 

protective of public health and welfare and then investigate the 

most effective strategies for achieving the chosen level. Many of 

these strategies will be ones I discuss here. Nevertheless, the 

advantages and disadvantages of alternative perspectives to the 

risks of climate change — pollution, energy or tax policy — have 

not been carefully documented and might offer a fruitful area for 

further investigation. I hope this committee does not shy away 

from careful investigation of these alternatives.

CHARACTERISTICS OF A RESPONSE TO CLIMATE CHANGE RISKS

The U.S. has a very special responsibility (that goes beyond 

our national boarders) to help lead the world towards an energy 

future that can be sustained over the long run. We are the world's 

largest consumer of fossil fuel energy and, not surprisingly, the 

largest emitter of carbon dioxide. We are also the least efficient 

energy consumer, using more energy to produce a dollar of GNP than 

virtually any other industrialized country. We cannot ask the 

developing world to adopt a different development path unless we 

are prepared to help show the way — financially, technologically, 

and institutionally.

While a complete picture of a sustainable energy future has 

yet to take form, the general contours are, I think, becoming 

clear. And while we may not know every twist and turn in the road



to this future, we do know the major intersections. Let me list 

just three of the major elements that should be part of any U.S. 

transition to a sustainable energy future. I pick these as three 

features that are generally agreed to be part of a climate change 

strategy no matter how the issue is ultimately addressed.

Energy Efficiency Investments
There is a growing consensus that the first step in reducing 

carbon dioxide emissions should be increasing the efficiency by 

which energy is transformed into energy services. The 

opportunities in our economy for reducing pollution by using less 

energy to produce any given level of energy services such as 

lighting or heating/cooling appear to be substantial. One energy 

efficient light bulb can result in 300 fewer pounds of carbon 

dioxide being emitted each year into the atmosphere.
There is a long running debate between energy economists and 

energy engineers as to the true economic cost of making energy 

efficiency improvements. The latter argue that many of these 

improvements can be made at negative costs — that is, there would 

be a real savings from investing in energy efficiency. In 

response, many economists ask the reasonable question as to why 

these investments have not already occurred if they are so 

worthwhile. They tend to assume that efficiency must be more 

costly than the alternative or we would have more of the first and 

less of the second. The truth is between but probably much closer 

to the negative cost school. Investing in the new light fixture or



new electric motor does cost money and may cost more than the 

alternative low efficiency alternative. Over its lifetime, the 

same investment, however, may also reduce your energy bill. There 

may be many applications of efficiency improvements where these 

savings outweigh the initial up-front costs.

The literature is replete with evidence of the economic 

savings from efficiency investments. We are learning much more 

about why the opportunities for these savings exist. Regulatory 

barriers, first cost bias, and informational disparities all act to 

limit the economic incentive to invest in energy efficiency. Many 

creative programs are being developed to reduce the impact of these 

barriers on investment decisions. More and more states are 

allowing utilities to earn a rate of return on energy efficiency 

investments as compared to building new capacity. Energy service 

companies, or ESCOs, are creating a market niche for themselves by 

providing efficiency technology to potential users in exchange for 

some of the savings. As these programs, and others expand, we will 

learn much more about the true costs of energy efficiency. Federal 

facilities may offer a valuable testing ground for energy 

efficiency programs.

Investments in Renewable Energy Supplies

As important as they are, energy efficiency investments alone 

are unlikely to provide the basis for substantial, long term 

reductions in carbon dioxide emissions. We will also need new non­

fossil sources of energy — energy sources that do not emit carbon.



The most economically, technologically and politically viable 

alternatives, at least at this point, appear to be non-huclear 

renewable technologies such as solar, wind, biomass, geothermal and 

hydropower. Several of these technologies with the largest long 

term potential to substitute for fossil fuels are not quite 

economically and technologically competitive on a broad scale, but 

progress is being made. The economic potential for these 

technologies, however, is hardly static. The cost per kilowatt 

hour for windpower is within striking distance of conventional base 

load cost and is already competitive with peak power cost. Solar 

thermal can compete for peaking purposes, but has some way to go as 

a stand alone source of energy. Photovoltaics make sense for many 

remote applications, but are several times more expensive than 

their fossil fuel alternative. Biomass generated energy makes 

sense for some industries although large scale production of 

alternative fuels, for example, is not yet competitive with 

gasoline.

Shifting the economy towards renewable energy sources before 

these technologies have matured will impose costs on the economy. 

There is considerable evidence that market barriers exist to the 

use of renewables at today's prices, there are probably fewer 

negative cost opportunities in the renewable sector than in the 

case of energy efficiency. The benefits of renewable energy 

resources in terms of reducing climate risks justify some level of 

federal research and development support beyond its importance as 

a backstop technology. Beyond this, however, the direction is



somewhat less clear - because market barriers to the use of 

renewables and their solution have been less well studied. Some 

market biases are fairly well understood. Since prices for 

renewables do not reflect fully their lower pollution levels, they 

are over priced relative to fossil fuel sources of energy. Thus, 

utilities have less incentive to invest in renewables, everything 

else being equal. It may also be the case that certain definitions 

and requirements used in the electric utility industry do not apply 

as well to renewables as they do to conventional fossil energy 

sources. For example, issues of system reliability may require 

different considerations for solar energy, which only produces 

energy during daylight hours, than for a coal-fired unit.

Getting the Prices Right

The consensus that exists over the role of energy efficiency 

and renewable energy investments in reducing risks of climate 

change does not spill over to the most appropriate mechanisms for 

encouraging those investments or to sustaining their benefits. The 

alternatives range from traditional command and control regulations 

specifying the amount and levels of carbon dioxide allowed for each 

economic activity to a tax on carbon emitting activities as a means 

of reflecting their environmental costs. In between these two 

options is a third — a system of tradeable carbon dioxide emission 

permits — that borrows some of the qualities of each of the two 

extremes. A permit trading system for carbon dioxide sets the 

quantity of carbon dioxide to be emitted, unlike the tax which sets



the price, but allows buying and selling of allowed emissions. Of 

course, there are endless variations and combinations of these 

three approaches.
I do not think there really is much choice between these 

mechanisms for reducing carbon dioxide emissions. If we ignore the 

importance of energy prices in guiding the millions and millions of 

transactions that define energy markets, we will almost certainly 

end up with a carbon dioxide reduction program that: (1) costs more 

than it should; and (2) produces less, in terms of benefits, than 

it should. For example, CAFE standards can play an important role 

in pushing the technological development of fuel efficient 

automobiles. We may not be able to reap the full benefits of 

these standards, however, if they serve to lower the cost of 

driving. As long as gasoline prices fail to reflect the 

environmental costs of combustion, artificially low costs of 

driving are likely to reduce the benefits from increases in 

individual car efficiencies.
Getting energy prices right through a carbon tax is the 

fundamental component of the transition from our current fossil 

fuel based economy to one that is sustainable over the long-run. 

Improved pricing of energy is not a cure-all; certain types of 

market failures in energy markets will reguire special legislative 

and regulatory treatment. It makes sense, however, to get the 

prices right first and then see which additional problems still 

need to be addressed. For example, a production tax credit for 

renewable energy sources may not be necessary if the price of



fossil fuels were raised to reflect their global warming risks.

There is relatively wide-spread agreement on an intellectual 

level that carbon taxes are the most effective and least expensive 

tool for lowering U.S. emission of fossil fuels. On a practical 

level, the support for better energy pricing is less secure. 

Industrial dislocations, regional economic impacts, regressive 

income impacts and other factors are commonly cited as undesirable 

characteristics of energy taxes in general and carbon taxes in 

particular. It is true that these effects are likely to be 

associated with carbon taxes and need to be addressed in the design 

of any carbon tax strategy, for example through tax offsets. These 

outcomes will also result from any attempt to lower carbon dioxide 

emissions — they are not unique to carbon taxes but are a 

consequence of the transition away from fossil fuels.

CONCLUSIONS

The risks of climate change from the combustion of fossil 

fuels adds significantly to the pressure and necessity of beginning 

a transition to a sustainable energy future where energy services 

are created as efficiently as possible and where low or no­

pollution renewable technologies are the major energy source. 

There is no easy way to make this move. Our reliance on 

artificially cheap fossil fuel sources of energy will not be simple 

to redress. The trick of the transition, however, is not in 

technological development — we have the means and knowledge to



begin the required shift. Our real task will be to find the right 

pace and timing so as to minimize the economic costs of change. 

Correcting energy prices is the first step in this direction — we 

must create the economic atmosphere in which sustainable energy 

investments can compete. The second step is to look for those 

utility decision making reforms that will remove existing biases 

towards more fossil fuel combustion over less damaging 

alternatives. Third, we should exploit those opportunities for 

federal (and state) governments to take the lead in showing what is 

doable. Large scale energy efficiency investments by the federal 

government could, if properly targeted, save federal dollars and 

provide a role model for other sectors of the economy.

The environmental returns from U.S. leadership in an energy 

transition are not limited to our national borders. We can be the 

template for action by other industrialized countries and the 

developing world and thus offer a role model for the rest of the 

world. We stand to gain more than global virtue and environmental 

improvements. The U.S. can place itself as the supplier of the 

technological and intellectual means for a global transition to a 

sustainable energy future.
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Mr. Chairman, Members of the Subcommittee, Ladies and Gentlemen:

My name is William Nitze and I am President of the Alliance to Save Energy. I appreciate the 
invitation to testify before the Subcommittee regarding policies available to mitigate global 
climate change as well as the anticipated costs of these policies. The Alliance to Save Energy 
is a national nonprofit coalition of government, business, environmental and consumer leaders 
dedicated to increasing energy efficiency. We conduct research, pilot projects, educational 
programs and policy advocacy to achieve this goal.

l.The Current U.S. Position on COt Emissions Reduction Targets

The United States is the only major industrialized country that has not committed to stabilize 
its manmade CO2 emissions by 2000 or shortly thereafter, with reductions to follow. Germany 
in particular has made a commitment to reduce its CO2 emissions by at least 25% from 1987 
levels by 2005. The German Government has already announced a comprehensive reduction 
strategy that includes all energy supply sectors (e.g.power plants) and all energy consumption 
sectors (e.g. industry, transport and private households).

The Bush Administration, by comparison, has informally committed to the much less stringent 
goal of holding its overall greenhouse gas emissions, measured in terms of thier relative global 
warming potential, at or below current levels in 2000. This commitment falls far short of CO2 
stabilization. While European nations are both eliminating CFCs and stabilizing carbon 
emissions, the Administration is using the phase-out of CFCs simply to offset a projected 15% 
increase in U.S. CO2 emissions under current policies. Furthermore, the "stabilization" is 
illusa^, representing only a temporary reduction in the rate of emissions increases due to the 
one-time benefit from previously-agre^ to CFC reductions.

Under the Administation’s plan, total U.S. greenhouse gas emissions would resume their rise 
after the year 2000. Administration spokesmen say that they will propose additional policy 
initiatives to reduce the projected increase in U.S. CO2 emissions, but the White House has so 
far steadfastly refused to propose any energy policy initiatives that would significantly reduce 
either either U.S. fossil fuel consumption or U.S. CO2 emissions.

The White House claims that we do not yet know how to reach similar targets in the U.S. 
without imposing large costs on the U.S. economy. There are a number of factors that 
contribute to greater physical energy use per unit of output in the U.S. than in Europe, 
including greater extremes of climate, longer distances, and more dispersed residential 
patterns. But the most important factor is that low energy prices, particularly for fossil fuels, 
have encouraged relatively high levels of energy use and discouraged investrnent in energy 
conservation, efficiency and non-fossil energy sources.

This situation presents a tremendous opportunity to U.S. government at all levels to work with 
the private sector in improving energy efficiency, developing non-fossil energy sources and 
thereby r^ucing U.S. CO2 emissions. The technologies for achieving significant low-cost 
efficiecy improvements and developing non-fossil energy sources already exist.



The real challenge is to to develop a set of policies that will cause those technologies to be 
deployed as rapidly as possible with minimum adjustment costs. My colleagues and I at the 
Alliance believe that, given the necessary political will, we can devise a combination of tax 
shifts, regulator changes, financial incentives, education initiatives and research, development 
and demonstration (RD&D) programs that can stabilize U.S. CO2 emissions at the 1990 level 
by 2000 and reduce those emissions 20% by 2010 at the latest with little or no net cost to the 
U.S. economy.

2.Benefits of Achieving CO? Emissions Reduction Targets

Before making my case for that belief, I would like to summarize the potential benefits the 
U.S. would gain from committing to these targets.

First, accelerating reductions in U.S. CO2 emissions, which account for almost a quarter of the 
world total, would buy us valuable time to learn more about greenhouse warming and how to 
deal with it and valuable insurance against truly catastrophic climatic changes. The longer we 
wait to take serious steps to reduce U.S. CO2 emissions, the greater the total cost of achieving 
any ultimate level of required reduction will be.

Only by committing to targets such as the ones proposed above will the U.S. be able to 
persuade key non-OECD countries to take the necess^ steps to reduce their own CO2 
emissions. The countries from which a growing portion of future manmade emissions will 
come - the Soviet Union, China, India and Brazil - are looking to the United States to show 
that it is serious about reducing its own CO2 emissions before they commit to reduce their own 
emissions. The participation of these and other non-OECD countries in the long run is 
essential to the success of any international effort to slow greenhouse warming. Therefore an 
early U.S. commitment to stabilize and subsequently reduce its CO2 emissions has a potentially 
large multiplier effect abroad.

Second, the two most important steps necessary to reduce U.S. CO2 emissions - using energy 
more efficiently and developing non-fossil energy sources - would bring important non­
greenhouse benefits to our economy. These benefits include reduced vulnerability to 
international oil price shocks (with the associated improvement in national security), lowering 
the cost of most energy services, cutting enerjgy-related pollution such as acid rain and urban 
smog, making housing more affordable, and improving the U.S. balance of payments by 
reducing energy imports and making U.S. goods and services more competitive in world 
markets.

The competitive advantage of energy efficiency improvements is critical as we enter the next 
century. Japan, Germany and other U.S. competitors have already announced long-term plans 
to improve their energy efficiency by developing and deploying new technologies, products 
and processes. Japanese auto makers, for example, are already developing 60 miles-per-gallon 
(mpg) cars to be produced early in the next century. Unless the U.S. keeps pace, we will lose 
ground in world markets.



3. Costs of Achieving COt Emissions Reduction Targets

Against the benefits of achieving the CO2 emissions reduction targets discussed above must be 
weighed the costs of achieving those targets. Estimates of those costs vary greatly depending 
upon the assumptions made about human responses to price changes, economic incentives and 
other policy initiatives. There is a growing consensus among economists and policy analysts, 
however, that substantial reductions in CO2 emissions could be made over the next'25 years at 
little or no cost to the economy with a combination of tax shifts, regulatory changes, financial 
incentives, education initiatives and RD&.D programs.

The Office of Technology Assessment, for example, concludes^ that the U.S. could reduce its 
CO2 emissions by 20 to 35% between now and 2015 at a cost ranging from a savings of 0.2% 
to a cost of 1.8% of GNP projected for 2015. In reviewing cost studies. Professor William 
Nordhaus found a common view that 10 or perhaps 20 percent reductions in CO2 emissions 
can be made in the long run at modest costs.Professor William Chandler and his colleagues 
at Battelle Research Institute estimate that U.S. CO2 emissions could be reduced 20% from 
current levels by 2000 at a cost of less than 0.5 percent of GNP.^

4. Policy Options

The key to achieving a 20% carbon reduction by 2010 at no or little net cost to the U.S. 
econorny is development of the right combination of policy measures. Each key energy 
producing and consuming sector must be included; no single policy, or even group of policies 
aimed at a single sector, will be sufficient. By implementing a comprehensive set of policies, 
moreover, tax shifts, regulatory changes and other policy initiatives that carry potential 
adjustment costs can be phased in ensuring that overall burdens and benefits are more fairly 
distributed. Policies must focus on opportunities to remove impediments to energy efficient 
investments; to reap ancilary economic gains from improved tax policy; and to incorporate 
external environmental and national security costs into private energy use decisions. In each 
case, economic efficiency and energy efficiency can be jointly served. The following is a 
policy package for achieving the targets described above broken down by sector.

4.1 Energy Production - Fossil Fuels

Natural gas. Natural gas deliverability should be improved to ensure that sufficient quantities 
are available to meet long term-requirements for electricity generation, transportation fuels and 
heating and cooling. The regulatory approval process for new gas pipelines should be 
streamlined, while preserving appropriate environmental safeguards. The lower carbon

^Congress of the United States, Office of Technology Assessment, "Changing by Degrees: 
Steps to Reduce Greenhouse Gases," Summary, February, 1991, p.lO.
^Economist, 7 July 1990, p. 22.

'"Carbon Emissions Control Strategies, Executive Summary, William U. Chandler, Editor 
1990, pp.27-29.



content of natural gas should be gradually reflected in the price by phasing in a carbon fee or 
equivalent incentive.

Finally regulatory requirements and financial incentives to use natural gas as a transportation 
fuel should be strengthened. The resulting substitution of natural gas for more carbon 
intensive fuels could reduce the Department of Energy (DOE)'s projected CO2 emissions of 
1501 million tons in 2000 (hereinafter referred to as projected U.S. CO2 emissions in 2000) by 
one percent or more.

Coal. The long-term future of the U.S. coal industry will substantially depend on its ability to 
reduce the amount of CO2 emitted for each unit of coal fired energy produced. The 
Department of Energy (DOE)'s Clean Coal Technology Program should be redirected to give 
greater priority to combined cycle and other technologies that increase the conversion 
efficiencies of coal fired generating units. Incentives to use less carbon intensive fuels should 
be structured to apply to the carbon emissions from a given use rather than to the carbon 
content of the fuel itself. These steps are unlikely to have a substantial impact on U.S. CO2 
emissions before 2000, but could contribute to r^ucing emissions in the first decade of the 
new century.

4.2 Energy Production - Renewables.

Renewable energy sources - hydropower, solar thermal, photovoltaics, windpower - currently 
provide almost seven quads or about eight percent of the energy used in the U.S. The cost- 
effectiveness of certain non-hydropower renewable technologies such as solar thermal has 
improved to a point where they are competitive with conventional power sources in selected 
areas.

Growth in renewable energy production and the associated decline in unit costs need to be 
encouraged by incentives such as the two cents per kilowatt renewable production tax credit 
originally proposed by DOE and subsequently deleted from the President's National Energy 
Strategy (NES) proposal by the White House. A carbon fee or equivalent incentive to use less 
carbon intensive energy sources would also encourage use of renewables. The Federal 
government should itself use renewable energy as much as possible to support the industry's 
development. Finally, states should be encouraged to incorporate environmental externalities 
in utility regulation.

Increasing the renewable share of overall U.S. energy production from eight to 12% by 2000 
could reduce projected U.S. CO2 emissions in 2000 by more than two percent.

4.3 Energy Consumption - Industry

Industry should be able to acheive continuing improvements in energy efficiency under current 
policies. Between 1971 and 1986, the energy intensity of industrial processes in the United 
States - the amount of energy required to produce a ton of steel or a kilogram of polyethylene - 
defined betw^n 1.5 and two percent per year. These efficiency improvements, combined 
with a change in the mix of products produced and consumed, have reduced total industrial 
energy use by one percent per year despite a two percent annual growth in manufactured 
output.



There is no reason to believe that these improvements will not continue as companies optimize 
the cost of existing processes, introduce process refinements, and make breakthroughs that lead 
to entirely different methods of manufacturing. Insulating the 29,000 miles (22% of total 
pipe) of uninsulated pipe in the United States would save about four percent of all industrial 
energy use and reduce projected U.S. CO2 emissions in 2000 by five percent.

The outlook for industrial consumption of electricity is particularly promising. Electric motors 
consume 65 to 70% of industrial electricity. By combining currently available variable speed 
drives, superefficient motors and other system improvements, electricity consumption by 
motor systems can be reduced by 50% or more. Since electricity accounts for over 95% of the 
life cycle cost of a typical large industrial motor, industry has a substantial incentive to achieve 
this reduction.

If U.S.industrial energy use continues to decline at one percent per year, we will achieve an 
overall decline of over 10% in industrial energy use by 2000. If the rate of decline can be 
increased to 1.5% per year through policy initiatives, the overall decline would increase to 
16%. Since industrial energy use accounts for over 30% of total U.S. energy use, the lower 
trend would result in an overall reduction in U.S. energy use of about three percent and the 
higher trend a reduction of about five percent. Absent a significant change in the mix of 
industrial energy sources, these reductions would produce roughly equiv^ent reductions in 
projected U.S. CO2 emissions.

Industry is not subject to market imperfections to the same extent as the commercial, 
residential and transportation sectors, but there is nonetheless an important role for policy 
initiatives designed to stimulate industrial energy savings. Energy using firms, being generally 
smaller than energy-producing firms, tend to have higher capital costs and less ability to 
coordinate research and demonstration efforts.

The Federal government can help overcome these limitations and accelerate the trend towards 
greater efficiency in industrial energy use by providing research support and financial 
incentives for improvements in industrial process technology. Such joint R&D efforts would 
provide an impetus to technological development in energy using industries, much as EPRI and 
GRI does for the electric and gas industries, respectively, or U.S.G.S. does for oil and gas 
exploration. Significant expansion of an existing program of grants to university engineering 
departments would provide a cost-effective means of disseminating technological advances.

Gradual increases in fossil fuel prices to reflect environmental externalities would further 
strengthen the trend to greater efficiency. Encouragement of least cost planning by utilities 
could also lead to additional efficiency improvements by their industrial customers.

The payoff for an industrial efficiency program along these lines is increased competitiveness, 
both through reduced production costs and development of new, U.S. manufactured efficiency 
products to market abroad.

4.4 Energy Consumption - Residential and Commercial

The residential and commercial sector offers tremendous potential for energy savings, 
particularly in electricity use. The Alliance estimates that compact fluorescent lighting, "low-



emissivity" windows, and energy efficient oil burners alone could save approximately two 
quads or over two percent of projected U.S. energy use in 2000. Compact fluorescent lamps, 
for example, consume 75 percent less electricity than do incandescent ones. They typically 
last nine times longer than ordinary incandescent bulbs.

Similar efficiency gains can be obtained with appliances and home heating systems. 
Manufacturers have already developed refrigerators and freezers that consume 80 to 90 less 
electricity than convention^ models. A field test organized by the Alliance in Buffalo, N.Y., 
has shown that cost-effective energy retrofits can save 25 % of the heating energy used in 
single-family homes. The Buffalo field test realized measured space heating savings that 
demonstrated a significant improvement over earlier programs, which showed poor correlation 
between projected and actual energy savings.

Together with passive design improvements and automated controls, these additional savings 
have the potential to increase total energy savings in the residential and commercial sector to at 
least four percent of projected U.S. energy use in 2000. The challenge is to overcome market 
imperfections that inhibit rapid development and deployment of the available technologies.
The three most promising policy options for overcoming those imperfections are integrated 
resource planning (IRP) programs by utilities, stricter codes and standards for building shells 
and ^uipment used therein, and a "feebate" system to encourage the purchase of more energy 
efficient appliances.

By requiring utilities to invest in customer efficiency improvements (if they are cheaper than 
capacity additions) in meeting projected demands for energy services, and by making those 
investments profitable for utilities, IRP programs establish a level playing field for energy 
supply and efficiency improvements, leading utilities to implement efficiency improvements 
that customers might not pursue on their own. IRP programs have already eliminated the need 
for significant capacity additions in California and New England and greatly increased the 
demand for compact fluorescent lighting. The Federal government should encourage the 
spread of IRP programs to other states by requiring utilities to prepare such plans as a 
condition to receiving cheap power from Federal power marketing authorities or approval for 
interstate power sales.

Similarly stricter energy codes for building shells and efficiency standards for equipment used 
therein could remove the least efficient designs and products from new homes and commercial 
buildings. Although building codes are traditionally within state and local jurisdiction, the 
F^eral government could require development of nationwide model energy codes for different 
climate zones and provide technical assistance and incentives for the adoption of such codes. 
Federal efficiency standards should be gradually increased and extended to new product areas 
such as lighting.

Finally the Federal government should consider a "feebate" system for major appliances 
subject to Federal efficiency standards. By imposing a fee on appliances that are below a 
benchmark level of energy efficiency and providing a rebate on appliances that are above the 
benchmark level, a feebate system would provide a market incentive for the purchase of more 
energy efficient products.



4.5. Energy Consumption - Transportation

The transportation sector presents the greatest challenge of all. The average fuel efficiency of 
U.S. automobiles improved from 15.3 mpg in 1975 to 25.8 mpg in 1988. As a result, CO2 
emissions per vehicle declined by approximately 1.5% per year over the same period. 
Unfortunately this improvement has been more than offset by continuing growth in the number 
of U.S. cars and light trucks and in vehicle miles travelled, resulting in an approximately 13% 
increase in CO2 emissions from these vehicles over the same period.

To reverse the growth in CO2 emissions from the transportation sector, we need to take five 
key steps. First, we should gradually shift Federal taxes from income and labor to gasoline 
and other fossil energy sources. Second, we should gradually increase fuel efficiency 
standards on automobiles and impose minimum standards on vans, trucks and buses. Third, 
we should institute a "feebate" system for all automobiles, vans and light trucks. Fourth, we 
should encourage the development of non-oil based transportation fuels. Fifth, we should 
build more public transportation.

Gradually shifting Federal taxes from income (by raising the threshold for paying Federal 
income taxes) and labor (by reducing social security taxes) to gasoline and other fossil energy 
sources serves a number of purposes. It provides an incentive for fuel conservation and the 
purchase of more efficient cars. It increases incentives to work and employer incentives to 
hire. It minimizes the regressive effects of higher energy taxes by reducing other Federal 
taxes on low income workers. Finally, if one phases these shifts in over the decade, it will 
enable vehicle manufacturers, vehicle owners and local governments to anticipate changes in 
demand and minimize adjustment costs.

Increasing corporate average fuel efficiency (CAFE) standards for automobiles and extending 
them to vans and light trucks is also necessary. The type of gradual shift in taxes proposed 
above will not provide a sufficient short-term incentive for fuel conservation since fuel costs 
represent such a small portion of the life-cycle costs of a vehicle. CAFE standards should also 
be extended to vans and light trucks, to slow the growth in the proportion of relatively fuel 
inefficient vans and light trucks in the total household fleet.

Existing technologies such as multiple valve engines, lightweight materials and aerodynamic 
styling already enable automobile manufacturers to increase the average fuel efficiency of new 
cars from the current 27.5 mpg to over 35 mpg by 2000 without increasing cost or sacrificing 
size or performance. If the full range of available technologies is exploited, it may be possible 
to achieve efficiencies of 40 mpg by 2000 even if customers retain their current preferences for 
car size and performance. Car prices might have to increase, but a recent poll conducted by 
the Alliance and the Union of Concerned Scientists found 89% of respondents willing to pay 
up to $500 more per car to achieve the 40 mpg standard.

A "feebate" system for vehicles subject to CAFE would enhance the efficiency gains from 
increasing CAFE standards and higher gasoline taxes. The feebate system would impose a fee 
on each mpg by which a vehicle fell below an efficiency threshold (e.g. 90% of CAFE) and 
pay an offsetting rebate for each mpg by which a vehicle exceeded an efficiency ceiling (e.g. 
110% of CAFE). By providing a significant point of purchase incentive to purchase more fuel



efficient vehicles, such a feebate system would accelerate improvements in overall fleet 
efficiency.

There are already several measures to encourage the use of non-oil based alternative fuels in 
the President’s NES proposal, including extending the 10% fleet requirement to the whole 
country and lifting the CAFE exemption cap on dual fuel vehicles. Biomass fuels also receive 
a preferential Federal tax rate. These incentives could be made more effective by gradually 
increasing both the gasoline tax and CAFE and exempting all non-oil based fuels from both.

Finally, to the extent that the public is being asked to drive less, it must be given an alternative 
in the form of better public transportation. One way to support public transportation would be 
to provide for a portion of gasoline tax receipts to be dedicated to improving public 
transportation.

It is difficult to quantify the total impact of these measures on projected U.S. CO2 emissions in 
2000. The Alliance estimates that increasing CAFE to 40 mpg by 2000 would save 2.8 
million barrels of oil per day in 2005. If one assumes that oil consumption for transportation 
would otherwise increase by approximately two percent per year from 10.9 million barrels a 
day to 14.7 million barrels a day in 2005, this would hold transportation oil consumption to 
11.9 million barrels a day. If the combination of higher gasoline taxes and a feebate system 
with improved public transportation increased this reduction by 50%, transportation oil use 
would actually drop to 10.5 million barrels a day. If increased use of alternative fuels reduced 
transportation oil use another 5% by 2005, the total would drop to 10 million barrels, 4.7 
milllion or 32% below the original 14.7 million barrel projection. Since transportation 
accounts for over 30% of total U.S. CO2 emissions today, and only two percent of 
transportation is non-oil based, this reduction should reduce total project*^ U.S. CO2 
emissions in 2005 by almost 10%. Assuming half of this reduction t^es place before 2000, 
there should be an approximately 5% reduction in projected U.S. emissions in 2000.

5. Conclusion

If one adds up the low-end reduction figures from each of the sectors discussed - natural gas 
one percent, renewables two percent, industrial use three percent, residential and commercial 
four percent, and transportation five percent, the total comes to 15%, which just offsets DOE's 
projected increases in U.S. CO2 emissions by 2000. If one takes the high-end and adds an 
additional five percent for transportation efficiency increases by 2005, one comes up with a 
further 10% reduction by 2005, which is consistent with achieving a 20% reduction by 2010.

The above numbers are of necessity inexact. But hopefully they demonstrate that we do have 
the potential of stabilizing U.S. CO2 emissions at 1990 levels by 2000 and reducing them by 
approximately 20% during the first decade of the next century at little or no cost to the 
economy. Even if we were to take the high end of OTA's cost estimate for a 20-35% 
reduction in 2015 — 1.8 percent of GNP — it would in my opinion be a small price to pay for 
the environmental and other benefits of reducing CO2 emissions.

The real obstacle to achieving the necessary reductions is not cost, but the difficulty in moving 
a comprehensive package of policy changes, some of which impact powerful constituencies.



through the U.S. political process. The Alliance looks forward to working with this 
Subcommittee, Mr. Chairman, and the Congress as a whole in overcoming this obstacle.
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Thank you Mr. Chairman and members of the Committee. I am Daniel Lashof, a 
senior scientist with the Natural Resources Defense Council (NRDC). Previously I was 
an Environmental Scientist at the Environmental Protection Agency, where I was the 
lead author of the Draft Report to Congress Policy Options for Stabilizing Global Climate. 
I hold a doctorate in Energy and Resources from the University of California, Berkeley, 
where I specialized in the global carbon cycle. I appreciate the opportunity to appear at 
this important hearing.

NRDC is a non-profit environmental protection organization, founded in 1970 and 
supported by 160,000 members. NRDC’s Energy Program has more than ten years of 
experience in promoting energy efficiency and least-cost energy planning. In 1988 NRDC 
launched its Atmosphere Protection Initiative (API) to provide a coordinated response to 
the related threats to the integrity of the earth’s atmosphere-global warming, ozone 
depletion, acid rain, and urban smog. This effort involves more than a dozen NRDC 
scientists, resource specialists, and attorneys expert in climate, energy efficiency, nuclear 
energy, forestry, agriculture, international environment, air pollution control, and coastal 
protection.

Mr. Chairman, the United States is the world’s leading emitter of greenhouse 
gases and it should be the world’s leader in action to reduce these emissions. However, 
the Bush Administration’s continuing refusal to accept targets and timetables for reducing 
carbon dioxide, the most important global warming gas, remains the largest obstacle to 
progress. In fact, the U.S. Climate Change Strategy contemplates a substantial increase in 
CO2 emissions in the decades ahead. Every other wealthy industrialized country is ready 
to stabilize or reduce emissions of carbon dioxide. Key developing countries, such as 
Brazil, are also ready to make commitments to protect forests provided that 
industrialized nations curb their fossil fuel CO2 emissions. In my statement today I will 
summarize the scientific background that should guide the negotiation of a climate 
protection treaty, then I will review the policies adopted by the leading industrialized 
countries in contrast to those of the United States, and finally I will discuss the 
disappointing results of the first treaty negotiating session.

Scientific Basis for a Climate Protection Treaty
The Toronto Conference on the Changing Atmosphere, in June 1988, warned that 

"humanity is conducting an unintended, uncontrolled, globally pervasive experiment 
whose ultimate consequences could be second only to a global nuclear war," and called 
on the world to cut CO2 emissions from fossil fuel combustion 20% by 2005. In the last 
two years the declaration of this ad hoc group of scientists, environmentalists, and policy 
makers has been strongly reinforced by the Intergovernmental Panel on Climate Change 
(IPCC), the Second World Climate Conference, and the Stockholm Environment 
Institute.

The IPCC, which was established in the Fall of 1988, completed its First 
Assessment Report last summer. The first working group, chaired by Dr. John



Houghton, Chief Executive of the British Meteorological Office, has provided the most 
authoritative scientific assessment of global warming ever conducted. Preparation of the 
report involved most of the active scientists working in the field: 170 scientists from 25 
countries contributed sections and 200 others served as reviewers.

Under a "business-as-usual" emissions scenario the IPCC predicts that the earth 
will be 5-10°F warmer than preindustrial times within a century. Conditions would be 
warmer than any encountered during the last 150,000 years by the middle of the next 
century. The IPCC also examined a scenario in which warming could be limited to 2-5°F, 
if COj emissions were reduced by 50% by the middle of the next century and if other 
greenhouse gases were also controlled.

A great deal of public attention has focused on observed temperature changes 
over the last century. TTie IPCC concluded that the earth has warmed significantly, by 
0.5-1.0"F, and that "[t]he size of this warming is broadly consistent with predictions of 
climate models, but it is also of the same magnitude as natural climate variability. Thus 
the observed increase could be largely due to this natural variability; alternatively this 
variability and other human factors could have offset a still larger human-induced 
greenhouse warming. The unequivocal detection of the enhanced greenhouse effect from 
observations is not likely for a decade or more." This carefully worded statement 
underscores the danger of a wait-and-see policy. It makes no sense to wait for 
"unequivocal detection" while we see ourselves being committed to ever greater warming. 
The scientific consensus that this warming will occur is clear, regardless of uncertainty 
over what has caused the warming to date.

Fortunately, the consensus of world leaders is that we should not wait. Cabinet- 
level officials from 137 countries (including the United States) at the Second World 
Climate Conference last November declared that "[t]he potentially serious consequences 
of climate change, including the risk for survival in low-lying and other small island States 
and in some low-lying coastal and arid and semi-arid areas of the world, give sufficient 
reasons to begin by adopting response strategies even in the face of significant 
uncertainties." They called for negotiating an international convention on climate change 
by June 1992. The Ministers agreed "that the ultimate global objective should be to 
stabilize greenhouse gas concentrations at a level that would prevent dangerous 
anthropogenic interference with climate."

The implications of this objective were spelled out by the Stockholm Environment 
Institute (SEI) in a recent report on Targets and Indicators of Climatic Change (the 
summary of this report is attached for the record). This report concludes that dangerous 
interference with climate can be avoided only if the rate of warming is kept to less than 
0.2°F per decade, and the absolute warming is kept to less than 2-4°F compared with 
pre-industrial times. Warming greater than the lower limit of 2°F "may elicit rapid, 
unpredictable, and non-linear responses that could lead to extensive ecosystem damage," 
while beyond 4°F "the risks of grave damage to ecosystems, and of non-linear responses.
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are expected to increase rapidly." To prevent warming of more than 2°F the SEI study 
estimates that the atmospheric concentration of greenhouse gases would have to be 
limited to the equivalent of 330-400 parts per million (ppm) of COj (this is called the 
COj-equivalent concentration). The concentration of COj in the atmosphere is already 
over 350 ppm, and the COj-equivalent concentration of all greenhouse gases exceeds 400 
ppm, thus the world is most likely already committed to exceeding the 2‘*F limit. To 
avoid exceeding even the upper limit SEI estimates that greenhouse gas concentrations 
would have to be limited to 400-560 ppm COj-equivalent. To be prudent in the face of 
uncertainty we must adopt a goal in the lower half of this range. I propose a greenhouse 
gas concentration limit of 475 ppm COj-equivalent. Based on feasible limits for the 
concentrations of greenhouse gases other than COj I calculate that this target requires 
holding CO2 concentrations to about 400 ppm. Immediate action to reduce COj 
emissions is essential if this limit is not to be exceeded.

Industrialized countries, with 25% of the world’s population, are responsible for 
75% of current global emissions of CO2 from the energy sector. Reducing energy-related 
CO2 emissions from industrialized countries is the most important action needed to 
combat global warming, and is essential to achieve the global targets just discussed.

In particular, OECD nations should have a binding obligation to reduce energy- 
related CO2 emissions by at least 20% below 1988 levels by the year 2000. Other 
industrialized nations should achieve this target by the year 2005. Deeper cuts in CO2 
emissions from industrialized countries will be required after these dates in order to 
stabilize atmospheric greenhouse gas concentrations. Let me emphasize that stabilizing 
emissions of greenhouse gases at current levels will allow greenhouse gas concentrations 
to continue increasing at roughly current rates. The only was to stabilize atmospheric 
concentrations of CO2 is to cut emissions by 60% or more, according to the IPCC.

Developing countries, with 75% of the world’s population, are responsible for 25% 
of global energy-related COj emissions. These emissions are expected to grow to meet 
legitimate development needs. In order to remain within the global CO2 target of 400 
ppm the aggregate increase in CO2 emissions from developing countries would have to 
be limited to no more than 50% over 1988 levels by 2005. The incremental costs of 
achieving this target should be borne by the industrialized countries, in accordance with 
their responsibility for the preponderance of all past emissions that have elevated 
greenhouse gas concentrations to current levels.

Industrialized Country Policy Commitments
Every wealthy industrialized country other than the United States has already 

taken significant steps toward the required emission reductions. Eighteen countries are 
committed, individually or collectively, to stabilizing or reducing their CO2 emissions by 
the year 2000. In addition, Germany, Denmark, Australia, and New Zealand are 
committed to emission reductions of 20% or more by 2005. Implementation of policies 
to achieve these commitments is at different stages in different countries. The most



detailed plans adopted to date are probably those of Germany, Denmark, and the 
Netherlands. The German plan, for example, is designed to achieve a 25% reduction in 
CO2 emissions by 2005 compared to 1987. This plan was formally adopted by the 
German Federal Cabinet on November 7, 1990. The Environment Minister has publicly 
stated that this plan was based on analysis of former West Germany, and that a larger 
reduction of 30% should be achieved for Germany as a whole (but this target has not yet 
been formally adopted). Relevant ministries will draft legal instruments to implement 
this plan in each sector. These will include regulations to increase energy efficiency by 
amending Ordinances on insulation, heating installations, small incineration plants, and 
large combustion plants. The efficiency of automobiles is to increase by an average of 
30% by 2005, and increased reliance on rail transport will be promoted.

Germany’s plans will be coordinated with the European Community (EC) as a 
whole, which has adopted the aggregate target of stabilizing emissions of COj at 1990 
levels by 2000, with reductions thereafter. Increased energy taxes, for example, are being 
taken up very seriously at the European level. The EC Council of Ministers adopted a 
policy statement on December 21, 1990 calling for a carbon tax in combination with a 
general energy tax, although the levels of these taxes have not yet been agreed upon. It 
is instructive that the Council noted that there was a risk to the competitiveness of some 
industries, but that "if a reinforced policy of environmental protection leads European 
companies to an adaptation of their marketing and R&D efforts ahead of others, these 
companies will in the future be better placed on world markets." The Council concluded 
that the EC COj stabilization policy will have a "...positive overall impact. The available 
evidence indicates that their macroeconomic effects could be small, even when 
abstracting from the expected environmental benefits."

The forward looking policies of the EC contrast sharply with the Bush 
Administration’s "inaction agenda," as it was so aptly put by the Senate Majority Leader 
recently. The one welcome aspect of "America’s Climate Change Strategy," which was 
distributed at the negotiations, is a clearer recognition by the Administration than we 
have seen before that action is needed to combat global warming. We welcome this 
significant change in tone from the White House, but unfortunately there have not been 
any corresponding policy commitments to real action.

The U.S. is still planning for large increases in COj emissions while the European 
Community is planning decreases. Nothing in the White House’s glossy brochure changes 
this black and white reality. Instead the Administration Strategy is to claim that the U.S. 
will stabilize total greenhouse gas emissions by offsetting the COj increase with 
reductions in CFC emissions, which are already required to be phased out under the 
Montreal Protocol.

Every CFC producing country has already agreed to phase out these compounds 
because of their threat to the stratospheric ozone layer. No country other than the U.S., 
is proposing to take double credit for this action against COj increases. If Germany did



its accounting the way the U.S. proposes, it would be able to claim about a 40% 
reduction in greenhouse gases by 2005. The kind of "stabilization" that the U.S. is 
planning for would lead to inexorable increases in CO2 concentrations and a commitment 
to massive global warming at a rate of 4-9“F over the next 100 years.

Previously the U.S. has said that the National Energy Strategy (NES) would be the 
forum for addressing COj emissions from fossil fuel use. But the claimed COj reductions 
in the Climate Strategy amount to less than 40 million tonnes of carbon, or less than 3% 
of current emissions. Too little to significantly offset expected growth, let alone stabilize 
or reduce current emissions. Indeed, the National Energy Strategy released yesterday 
anticipates significant increases, rather than decreases, in COj emissions, and contains 
neither targets nor significant policy initiatives to cut COj.

Slow Progress of the Negotiations
It is imperative that targets and timetables be elaborated in the climate convention 

to be signed at the United Nations Conference on Environment and Development in 
June, 1992. At the first negotiating session, which ended last week, it was clear that the 
United States stands virtually alone in supporting a framework convention that is merely 
an empty shell, with any specific commitments deferred to subsequent negotiations over 
protocols. Both European and developing countries called for an agreement in 1992 
containing substantive commitments, including stabilization or reduction in COj emissions 
from industrialized countries and provisions for funding and technology transfer so that 
poorer countries can develop without "achieving" the same level of pollution output as 
the richer nations.

The Administration’s failure to commit the United States to these principles 
remains the largest obstacle to progress in the negotiations. Diplomats responsible for 
protecting the world’s climate sparred for two weeks over the basic issue of whether they 
are going to negotiate real commitments to control COj and other greenhouse gases, or 
merely an empty framework. The first negotiating session was consumed debating the 
instructions of two working groups set up to negotiate the specifics of the treaty. There 
was no time for these groups to meet, or even to choose their leaders. The meeting 
adjourned without adopting a draft text of a treaty, which most countries (including the 
United States) had hoped to have as the basis for future negotiations. As the next 
meeting will not be until June, real progress has been delayed by several months. With 
only 15 months until the treaty is to be signed, there is no more time to waste.

The continuing failure of the Bush Administration to come to grips with global 
warming is not only bad environmental policy, it is bad foreign policy, bad energy policy, 
and bad economic policy. We call upon the Congress to help lead the Administration 
out of the greenhouse wilderness.
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of trends outlined in the scientific presentations today. The 
failure of the ourrent US leadership to acknowledge this probles 
and offer the leadership that the rest.of ths world expeots of us 
has sade the United States an international pariah. To esphasite 
the seriousness of that unflattering perspeotlve I as enolcslng 
a copy of a reoent editorial is The Suardias • LX vWguld-also - 
call attention to the reoent report of the Office of technology 
Assessaent that shows olearly that the nation could reduce its 
reliance on fossil fuels by as suoh as 20k alsost iaaediately at 
a net saving in dollars and with sany ancillary environsental, 
econonic, international and silitary advantages (*).

The aoeuaulation of carbon dioxide and nethane in the 
ataosphore is causing, and will cause, sore than three guartars 
of the warning antioipated from heat*-trapping gasses over the 
next several decades. Both are products of the exploitation of 
fossil fuels and products of biotic activity. For brevity 1 shall

i. Testlnony of G.M. Woodwell before the eubcosnlttoe on 
Health and Environsent, Cossittee on Energy and Ccmnerce,
House of Representatives, February 21, 1991.

Jertsy Leggett la The Querdian, Feb 1, 1991 (appended).
8

(J^nhbuse <Jass#B# Cohgress^r^ OnttvS B^esT^Oi^^ 
Technology Assessseat. 42pp. T
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enphaalit carbon dloiidti
Mr Bost inportant oonolualon Is that avidsoct Is 

aecuBolatina that wa ara obsarvlng and can aspect * 
acoalaratlon of tha rata of acouBulation of carbon dlosIda and 
nathana as tha aarth warns, an accaleratlon that wxll prooaniy 
apaad tha warnipg (^).

1 shall also anphaslta that tha primary control of tha 
oonoantratlon of carbon diesIda in tha atBOsphera ovtr yaars to 
dacadas Is on land, not tha ocaant. Forests ara tha most 
inportant vagatation type on land baoausa they ara large In area, 
contain about three tints as suoh carbon as tha atnosphara 
currently contains, and because thalr annual nataboltsn Involves 
an exchange with tha atnosphara of at least 100 billion tons of 
carbon (Fig 1)« This axohangt Is highly vulnerable to changes in 

tha anvlronnent.
.The two most powerful faotors that affaot tha influanca of 

forests on tha oonposltlon of the atnosphara ara thalr areal 
extant and thalr netabolisar.

The area of forested lands in tha world is daollnlng. Tha 
nagnltuda of tha daolina is in question, but tha pattern and 
diraotlon of change globally ara not. Tha pattern is now alnost 
classloal, if ovar-slnpllflad harai In this world that adds 90 
nilllon new people annually, forests, aspaolally la tha troples, 
ara displaced by: agrloxatura. The agr.icultura survives for a 
tine, nay be raplaosd by low-density grettng, and the land 
gradually lapses Into Inpovarlshnant. It falls out of the aconony 
and tha records. Suoh land is aocunulating globally, but there 
little attempt to naasura It. One third of tha land area of 
India Is now recognised officially by Indian officials as 
Inpovarlshad to tha point where It Is outside agriculture and 
non-forasted. Most Is barren, salinisad, or rock fron which tha 
soil has bean lost through aroslon by wind and nonsoonal rains. 
Tha aoouBulatlcn of Impoverished land Is tha most Inportant land- 
use change currently underway la tha world. Most of that land was

Woodwall, a.M. 1983. Blotlo affects on the oonoantratlon 
of atmospheric carbon dloxldei A review and projection. In 
(j!hanaipa Climate. NAB Press, Washington, D.C., pp 218-241

 1988. Tastinony of 8.M.Woodwall in hearings before tha 
U.8. Senate Suboonnlttea on Invlronmental
Connlttaa on Invlronmant and Public Works, June 10-11, 1986. 
Congressional JUcord_^eaUl_^l^^Ang, pp 98-108
WM0/UN8P 1990 .• Cl Imata. Chlwgai" Th ^iabtif Ic Acs a s 1“

383pp. Geneva.



ono» for«tt«d and Ita Impoveriahnant constltuteB • aajor tranafer 
of oarboD fro* forest and »oll to the atnosphert* Ths transfer 
oontinuas. It oaa and will bo naasurod/ but only by applloations 
of satolllto loagery who** usO| although teohoioally advancod, 1* 
not yot being applied to thl* purpose with oufflolant vigor to 
produce progreo* to proportion to th# growth of the proble**
Thor* iSf of ooursof question as to how th* warning of th* *arth 
will affeot oll*at*s globally, but the first afsusptlon oust b* 
that a warsing In the rang* of tenths of a degree C to one degree 
or sore C per decade will cause an aooeleratlon of the trend 
toward lapoverlshsent.

The laplications are seen most clearly by oontlderlng a 
forest *uoh as th* eastern deciduous forest of North A*erloat At 
It* waraer and drier Halt It yields to grasslandi at Its wetter 
and colder Halt It Is replaced by cjoniferous or sited hardwood* 
and softwoods la a transition son* to the boreal forest. 
Throughout it* broad range It 1* aade up of population* of trees 
of several species# but each population has eilsted through 
several generations end beep selected for a genetic oonstitutlon 
appropriate for that place and ollaate. As th* earth wars* and 
cHaatas change, plants at the waraer and drier Halts of their 
distribution first, fail to reproduce, then succuab to pests of 
disease or fir*. The forest Is replaced by shrubland, later, by 
grassland. The transition say be accelerated by fir* or disease 
as the trees are weakened. At the wetter and ooldcr aargln a 
slallar transition occurs except that while ollaates say be 
appropriate to support forest, Bortsllty of trees will far 
outstrip the capacity of the trees tcL regenerate and the interim 
ooaauaity will be shrubland or sobs other stage of iB^verlshed 
forest. These are conspicuous changes at the aarglns of the 
distribution of a plant ooaaunity. There are parallel changes 
throughout th* ooaaunity. Each population of plants has been 
selected through several generations for the particular site and 
ollaate of Its place. As ollaate changes, eaoh population becoaes 
aaladapted to that place and eaoh organism becoaes sore 
vulnerable to disease, to competition, to parasites or other 
disturbance. The ooaaunity as a whole is weakened and, 
ultimately. Impoverished as longer lived species die and are 
replaced but slowly if at all. Th* iapoverlshaent will be 
aoooapanled by accelerated decay of dead and dying plants, adding 
to the release of carbon as carbon dioxide and aethane Into the 
atmosphere.

Th* change* In th* aetaboHsa of forests as our earthly 
habitat is Bwt'.'fied under th* human caress are also difficult to 
discern. A close aequaintanc* with the physiology of forests 
will lead la almost any directioni some have suggested that the 
Increased precipitation ^nd temperature in the higher latitudes 

NTssooiated^ttS *-»aiSiiif^f rtlis es^W 
Increased carbon dlbride U the etmosphere will cause a Surgb 1* 
th* fixation and storage of carbon that will b’o a boon to life



and tend to check the aoouBulatlon of carton dlorlde la the 
atmoephere. Such an effect aay occur, poaelbly in a lesser degree 
than some of the eore optlalstio have assarted <5), But others 
will argue that whatever advantages there nay be to gross 
photosynthesis will be lost through the-acceleratioa of

teaperatures (•>T“TIfe Issue Is
vital, for It contains the potential for dlalnishlng or greatly 
aggravating the waraing of the earth far beyond the current 
oaloulations of the oliaatologlsts* The guastlon hinges on 
whether the changes in cllaate oan be eipeoted to stlaulate the 
reaoval of carbon fro* the ataosphere through photosynthesis or 
the release of oarboa as carbon dioxide and aethane through the 
stiaulatlon of the respiration of deoay.

I suggest that the evidence for a resolution of that 
question sufficient to provide a basis for governaental action is 
available. The evidence was alluded to la the recent report of 
the Intergovernaental Panel on Cllaate Change (see note 4 above) 
which provided an international consensus on the seriousness of 
the problea. The XPCC oalled attention to tha probability that 
the waraing would proceed acre rapidly than estlaations based on 
eaisslcns froa fossil fuels havs suggasted.

Threa lines of svidence show that the dominant influaaca on 
foreets will be the ohanges in teaperature and that a warning 
will cause a net release of oerboa froa the lend Into the 
ataonphera.

prlnoiplea of phyalolegy and eoologyi rates of 
respiration, including tha respiration of decay, art highly

teaperature. A ona degree C. increase in teaperature 
will inorcast rates of respirstion by 5-30t, sosetlsss sort.
Rates of photosynthesis are auoh less sensitive to teaperature 
and can be inoreesed by as much as lOt only with difficulty.

—-^Vl^'tually any disturbance of a forest stieulates respiration over

B.R. end. has been reviewed at length in Strain, B.J.D. Cure, (eds) 198S. Direct Effects of Increasing Caroon 
Dioxide on Vegetation. U. 8. Dept of Energy. National Teohnlcel 
Inforaetlon Bervloe, Springfield, Virginia 22161. 286 pp. and 
suaaarlied in Moodwell, Q.M. 1988. The waraing of the 
industrialised Biddle latitudes 198S*~2090i ceusss end 
oo»equenoes. Prepared for the Syaposiuat Oeveloplag Policies for 

Respoading to Futura Cllaatio Change held in Villaoh, Austria, 
Septsabsr, 1987. Cllaatlo Change, I5i31-50, 1989.
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Speoifio data addresalng thla Iseua art faw and 
difficult to obtain.

But the most ptrtuativt data wo havt art tho obttrvatio&o of 
variationt In ttaporaturt aod carbon dioxidt ovtr tiao. Ht have 
tho DOW wall-known data froa tha Voatoo Cora that ahow 
oonoaotrationa of both carbon diox Ida and aathana varying with 
tanparatura ovar 160,000 yaara of raeant glacial hlatory <Fig 2). 
Nhila thaaa data offar littla Inaight into oauaa and affaet, thay 
do ahow that thara la no baala, at least In that raoord, for 
dafandlng tha hypothaaia that aa tanparatura and carbon dloxlda 
rlaa photoaynthasla will ba atinulatad anough to raduoa tha 
conoantration of carbon dloxlda in tha atnonphara and oura tha 
problaa. Tha carbon dloxlda record teens to auggeat that, at 
least during daclinlng taaparaturas, tha carbon dloxlda 
concentrations lagged tha changea In tanparatura*

Wa also hava a tat of data froa Haunt Lot aocunulatad and 
analyttd by Oavld Keeling and hit eollaaguea, who hava shown 
that there la a correlation batwasn tha tanparatura and carbon 
dioxide ooncantratlons whan tha upward trend and tha pronounced 
annual oscillation are renoved (Pig. 3). Tha carbon dloxlda 
conoentratlen lags tha teaperatura, a relationship that suggests 
that tha tanparatura changes causa tha changes la carbon dioxide. 
Tha shorter tern oscillations are ascribed by Keeling at al (7) 
to changes in tha surface tanparatura of tha ocaansi tha longer 
tarn oscillationo to changes In tha natabclisa on land* k nora 
recant analysis of these saaa data by Oppanhalnar and others 
shows that there a>^o longer-tern^cyclas of tanparature and’ carbon 
dloxlda that follow the sane'pattern with the carbon dloxlda 
lagging tanparatura.

Tha third line of avldenoa Is what Is happening at tha 
nonant. Ha hava had since 1960 seven of tha waraest years for tha 
globe In 130 years of record. If the observations above hold, we 
should sea tha accunulatlon of additional carbon in tha 
atnosphera as carbon dloxlda as tha large pools of carbon In 
forests warn and respiration Is acoeleratad. Such a change 
appears to ba underway. Keeling and his oollaaguas (6) again have 
provided us with a set of data on the accunulatlon of carbon 
dioxide In tha atnosphera (Fig 4). Two aspects of this curve are 
Inportant. Firstly, after 1973 there was a sharp drop In tha rata 
of expansion of global use of fossil fuels. In fact the rate of 
use steblllxed through the first half of the I960's. Thera was.

7, Keeling, C.O., R.B. Baeastow, A.F. Carter, S.C. Piper, T. 
P. Hhorf, M. Helnann, M.S. Hook, and H. Roeloffseo. 1989. A t^ree dlnansio^J^O^_of^atoo^erlc W? transport based on obsarved 
~irlndsi 1 . Analysis of obsarvitlonsl data. OaopHysi^l Hbabgra^ 
55. Anarlcan Oeophysioal Union (ppi6S*236).
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however, no obvious roduotlon in the rete of eoouauUtlon of 
cerbon dlorld# In thi atmosphere. In subsequent jeare, 1& feet, 
with no epprecleble Increase in the use of fossil fuels globally, 
the rate of aocuauletlon ecoelerated above the rate that had 
prevailed for more than 15 years. During the fifteen years prior 
to 1986 the rate of ecounuletlon was about l.S pps/yr, equivalent 
to about 3 billion tons of carbon. Since that year the rate of 
Inorease has varied up to 2.6 ppn or about 5 billion tons of 
carbon without any equivalent change la the uee of fossil fuels. 
Keeling and colleagues exaained this Isfue theaeelves U 1989 and 
prepared the graph shown hart. Their conclusion was ^hat the 
release Is a biotlo release. The oonoluslon was substantiated by 
considering the Isotopic ratio of carbon In air. The 
accusulation heat trapping gasses, especially oarbon dioxide, has 
risen as sight be expected fros the experience sussarlsed above.

The most Important point here Is that the warsing of the 
earth can be expected to release additional oarbon Into the 
ataosphere and to speed the warning* The process appears to be 
underway. The seriousness of It beooses apparent only when one 
ooapares the sagnltudes of the flo%vs of oarbon that oontrlbute to 
the accusulation of S-S billion tons of carbon in the ataosphere 
as carbon dioxide.

The release fros fcssll fuels is about 9.6 billion tons of 
oarbon. There Is an additional release fros deforestation 
currently estlsated as betwesn 0.5 and 9.0 billion tons, possibly 
sore. Fresuaably these two fluxes are under husan control and 
have been the sajor cause of the long-term acouaulatlea of carbon 
in the atsosphere la heat<-trapplng gasses* A third net flui is 
appearing. If these analyses are oorreot. It Is a shift In the 
fomerly approximately balanced two-way flow of carbon through 
gross photosynthesis and total respiration la favor of 
respiration. The sagnitude of such shift Is potentially large, 
enough to swamp human capacities at control la a short time.

There is urgency In moving with deliberate and effective 
speed to stabilise the heat-trapping gas content of theatmosphere before we lose the capacity for fleeting, it and 
commit the earth to a cycle of warming of dahnOMll-ieverIty,
speed, duration and effects. While we may‘"be"“«ble--to-aatlclpate 
with reasonable accuracy the effects of a warning of X-2 degrees 
C, we are not able to anticipate the effects of a greater warming 
and the complex changes thet will accompany It.

The steps to oorreot this circumstance are well known. The 
reasons for our failure to take them have nothing to do with 
science or knowledge or lack of insight as to ths consequences.

-. - , —7:zT:z~irj:
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Figur* C«ptloAsi
Fig, 1. Th« global oarboa cycle. Uaibe are la billioas of tons of 
carbon (10^9 gramt). The laportaab polab la the flux of carbon 

between the abaoephera aatf bloblo pools on land. Theat flowa are 
affected heavily by ellaate and by the aanageaenb of vegetation, 
eapeelally forests.
Fig. 2. Data oa carbon dioxide and nebhane oonoentratioaa with 
estlaatlons of tenparatura over 160,000 years of recent history 
of the earth. Adapted fron IPCC, 1990.
Fig. 3. Tenperature and carbon dioxide oonoentrationa la air at 
Kauna Loa. The annual Increase and the seasonal oaolllatlon have 
been removed. (From Keeling et al. 1969)
Fig. 4. The aocuxiulation of carbon dioxide la the ataoaphere. 
During the lata 1970's and early 1980's there was a levelling of 
the global use of fossil fuels. This levelling did not appear In 
the rats of aocumulatlon of carbon dioxide in the atnosphare as 
shown In this graph. Later, during the late 19B0's, the rate of 
aocuaulatlon has increased without any oonconltant Increase in 
the rate of oonsuaptlen of fossil fuels. (From Keeling et al 
1989)
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face me 

facts, 

George

Guff war: as the oil slick widervs, 
the rhetoric thickens. On the eve 

of a major conference on 
global warming, Jeremy Leggett 

asks who are the world's 

greatest carbon criminals
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