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SCIENCE AND ECONOMICS RESEARCH
FOR GLOBAL STEWARDSHIP

Global stewardship is our shared responsibility and our shared
opportunity. We must manage the Earth's natural resources in
ways that assure the sustainability of humanity on this planet
and in ways that maximize our potential for growth and
opportunity for all. Global stewardship is a continuing process
of political, economic and social decision-making that meets the
needs of the present generation while expanding the

opportunities of future generations.

Global stewardship will become a dominant scientific, economic
and environmental issue of the 21st century. The experience of
the past 45 years has shown that growth can be achieved only
through the synergy of democratic political institutions and
market economic systems. But just as democratic institutions
are expanding, our ability to grow could be limited by changes
in our already stressed environment. Solutions must be found
which will protect the quality of our natural environment while
allowing for the economic growth necessary to sustain and

improve the living standards of a growing world population.

For perhaps the first time in human history, we now understand
that our progress depends on accounting for our environmental
resources and using them wisely. A new understanding of
complex environmental systems is emerging. This
understanding means that we are now called upon to create
new directions for our creative energies and technologies.
Global stewardship is the key.

To exercise effective stewardship, we must advance our
knowledge of natural and human systems. We must create
solutions that join economic growth with sound management of
our environment. Meeting this challenge will require an
integration of scientific, economic, and environmental
concerns—an integration which moves global stewardship and

human sustainability to center stage.




We need new tools to effectively evaluate how to respond to global
environmental changes. Science and economics research can
provide some of the tools needed to understand and properly
manage our changing planet. Global change is concerned with
such diverse but interrelated issues as ozone depletion,
greenhouse gases, climate change, food security, water supply, sea
level changes, wetlands, deforestation, biodiversity, population
changes, and energy demands. A common ingredient in each of
these issues is the level of uncertainty about the scale at which
these changes are occurring and humanity's relative contribution
to the change. There is also uncertainty regarding the social and
economic consequences of change itself and of policy measures
which might be taken to address it. As global stewards we must
address these uncertainties by increasing our scientific and
economic knowledge and take justifiable actions to manage global
change...with due consideration given to the uncertainties which

exist.

Therefore, the challenges of global stewardship require agreement

in these three areas:
e Science and economics uncertainties—research challenges;

* Strategies for and challenges to integrating economics and

science research; and

« Building better international partnerships for economics and

science research.

Our existence depends on our ability to draw sustenance from the
natural world while supporting the systems that regenerate that
world. Building an integrated program of economics and science
research is the step we must take today. Global stewardship is not
a fixed state but a process of change in which environmental and
economic values are brought into balance to meet human needs
and to expand human prospects. Let us join together and accept
the challenge of Global Stewardship.

George Bush



GOALS AND OBJECTIVES OF THE CONFERENCE:

President George Bush invited the Heads of State from seventeen nations and the leadership of the
E.C. and the OECD to send ministerial-level delegations to the White House Conference on Science
and Economics Research Related to Global Change. The Conference is designed to bring together
government leaders in science, economics, energy, and the environment concerned with the central
research issues of Global Change. The Conference is designed to advance understanding of Global
Change phenomena, to enhance international cooperation, and to build the basis for future efforts
among nations to integrate more fully science and economics research into the policy process. The
Conference adds a new dimension to the international dialogue on Global Change — the proposition
that economics, both analysis and research on economic policy and economic consequences, is an
essential link between the science of Global Change and policy alternatives. Science and economics
research can also serve to identify and develop technologies and policy instruments that relax the
tension between growth and Global Change, allowing for greater progress on both fronts. To address
these broad goals, the Conference will:

e Focus on science and economics research issues relevant to policy on Global Change,

e Address important next steps to substantially enhance and broaden international
understanding of science and economics research issues that relate to Global Change,

e Highlight the special role that economics plays in integrating the science of Global Change
with the policy process,

* Demonstrate linkages between science and economics research and domestic and
international policy processes, and

e Seek to take the initial steps to implement joint international science and economics
research efforts.

The Conference is conceived as an integral part of the ongoing international process to understand
the science of and policy options relating to global environmental issues. The need toimprove
substantially understanding of both the science and economics of Global Change has been noted by
many world leaders. The Conference, therefore, focuses on science and economics research issues as
a complement to the ongoing Intergovernmental Panel on Climate Change (IPCC) and other interna-
tional forums that seek to address the issue of Global Change. It is hoped that the results of the Con-
ference will contribute to the IPCC process and other ongoing international debates and actions.

The Conference focuses on “Global Change,” an area of research concerned with understanding the
fundamental processes that govern the Earth system functions. Global Change encompasses such
diverse and interrelated issues as ozone depletion, greenhouse gases, climate change, food security,
water supply, sea level changes, wetlands, deforestation, biodiversity, population change, and energy
demand.

The White House Conference 10
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The Conference will provide a forum for international leaders to address the complex science and

economics research issues central to the policy process, including:

How well can we predict temperature trends in the decades ahead?

How “good” are our global scale models, such as models to predict temperature changes?

How well can we predict the interconnections between global environmental change and the

resulting social and economic impacts?

What are the economic consequences of adapting to or mitigating global change?

How “good” are the models used to assess these economic consequences and their impact on

the well-being of humanity?

By addressing such questions, it is hoped that the nations might pledge to enhance joint international

research efforts that focus on rapid improvement of both scientific and economic knowledge and de-

velopment of the necessary infrastructure to implement such efforts.

To address these complex and interrelated issues, President Bush invited heads of state from a small

group of nations to send delegations led by ministerial-level officials. The Conference was conceived

with the idea that a representative group of countries would be invited to participate. Their selection

was based on the simple criteria that the meeting should include countries or organizations of

countries that have substantial populations, large land masses, industrialized economies, heavy

future energy needs, major research infrastructures, or have provided international leadership on

issues related to climate and Global Change. These countries and organizations were selected:
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Australia
Brazil
Canada

Federal Republic of Germany

France

India

Indonesia

Italy

Japan

Mexico
Netherlands
Nigeria

Norway

Poland

Soviet Union
United Kingdom
Zaire

European Community
OECD

—
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Pre-Conference Material
for Delegates



THE EXPECTED RESULTS OF THE CONFERENCE

The Conference will provide an opportunity to address the science and economics research issues
related to Global Change in the context of the policy process. To accomplish these goals, the Confer-
ence will focus on and seek to promote:

e A substantially enhanced understanding of the scientific, economic, and environmental research
agenda central to the needs of future Global Change policy development.

* A substantive understanding of the uncertainties in both science and economics knowledge of
changes in the global environment of the planet.

e Increased mutual understanding of and sensitivity to the substance of science and economics
research between both of those research communities.

e Increased sensitivity by the two research communities to the policy needs evolving in such
areas as environmental and energy policy, and vice versa.

* A solid and well implemented science and economics research effort as a prerequisite for a
complement to evolving efforts by nations to address the international policy questions of
global environmental changes.

* A communication network among national leaders concerned with, and responsible for, the
research and policy agenda related to Global Change. More particularly, this Conference
provides a “first-ever” opportunity to forge a partnership between the science and economics

research communities and the policy-makers.

To provide a vehicle to focus on these vital issues, the Conference will include two Plenary Sessions
and several concurrent Working Groups, which will address the three major themes of the Confer-
ence:

e The Science and Economics Research Challenge
e Integrating Science and Economics Research in the Policy Process

e Building a Partnership for Science and Economics Research

The Conference is expected to produce a Co-chairmen’s Report, which will outline the deliberations
of the Conference and set forth common actions designed to expand research and cooperation among
nations.

As President Bush stated in his invitation letter, “It is my hope that the expertise, experience, and
data available in our respective countries can be brought together in a more integrated and coherent
fashion. By working together, our nations can enhance international cooperation in these vital areas
and contribute to the success of the ongoing IPCC process.”

The White House Conference 12
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FACT SHEET
for
THE WHITE HOUSE CONFERENCE
on
SCIENCE AND ECONOMICS RESEARCH
RELATED TO GLOBAL CHANGE

April 17-18, 1990
Washington, D.C.

On February 5, 1990, the President invited the Heads of State from seventeen
countries, the European Community (EC) and the Organization for Economic
Cooperation and Development (OECD) to send ministerial-level delegates to a
White House Conference on Science and Economics Research Related to Global
Change.

The Conference will be held in Washington, D.C. on April 17-18, 1990.

The President first indicated his intention to host such a Conference on this
subject during his Summit meeting with President Gorbachev, on December 4,
1989, and later on Monday, February 5, 1990, during his speech to the United
Nations Intergovernmental Panel on Climate Change.

The Conference is designed to address important next steps for substantially
enhancing and broadening international understanding of science and economics
research related to global change. The Conference seeks to frame a strategy for
implementing joint international science and economics research efforts. It also
seeks for the first time to integrate and link science and economic research results
to both the domestic and international policy process.

The Conference focuses on “Global Change,” a scope of research that has evolved
out of the science that concerns itself with understanding the natural processes
that govern the way the Earth functions as well as economics research related to
global change. .

The conference is conceived as an integral part of the ongoing international
process of trying to understand changes in the global environment. The need for
substantially improved understanding of both the science and economics of
global change has been noted by virtually all world leaders. This Conference will
focus on science and economics research as a complementary effort to the on-
going Intergovernmental Panel on Climate Change (IPCC). The President
strongly supports the IPCC efforts and expects that the results of the Conference
will contribute to the on-going international debate on climate change issues. Dr.
Bert Bolin of the Intergovernmental Panel on Climate Change has been invited to
take an active role in the Conference.

The Conference will convene a delegation of three ministerial-level officials from
a representative group of nations, each representing a relevant discipline, (i.e.,
science, economics, energy and the environment). Participants were invited on



the basis that the meeting should include countries or representatives of country
interests that have substantial populations, large land masses, industrialized
economies or heavy future energy needs, substantial research infrastructures, or
have provided international leadership on issues related to climate and global
changed. The President has asked the Heads of State of the following countries
and organizations to send a delegation:

Australia

Brazil

Canada

Federal Republic of Germany
France

India

Indonesia

Italy

. Japan

10. Mexico

11. Netherlands

12. Nigeria

13. Norway

14. Poland

15. Soviet Union

16. United Kingdom

17. Zaire

18. European Community (EC)
19. Organization for Economic Cooperation and Development (OECD)
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It is expected that each country or organization will send a ministerial-level
official to represent their relevant agencies including science, economics, energy
and the environment. It is suggested that one delegate in each of the three areas
will be an individual who is currently active in science or economics research. It
is recognized that the delegations are likely to have one “at-large” member.
Thus, the total delegation size should not exceed ten per country. Once the
delegations are determined, it is planned to consult with these countries on
agenda details.

The U.S. delegation will be:
Secretary of the Treasury - Nicholas F. Brady
Secretary of Interior - Manuel Lujan, Jr.
Secretary of Agriculture - Clayton Yeutter
Secretary of Commerce - Robert A. Mosbacher

Secretary of Energy - Admiral James D. Watkins (Ret)



Administrator, Environmental Protection Agency - William K.
Reilly

Administrator, National Aeronautics and Space Administration
- Richard H. Truly

Under Secretary of Commerce for Oceans and Atmosphere; and
Director, National Oceanic and Atmospheric Administration -
John A. Knauss

Director, National Science Foundation - Erich

Member, Council of Economic Advisors - Richard Schmalensee

Conference Co-Chairmen:
Chairman, Council Economic Advisors - Michael J. Boskin
Assistant to the President for Science and Technology - D. Allan Bromley
Chairman, Council on Environmental Quality - Michael R. Deland

The Conference is designed to be a forum to bring a number of ministerial-level
leaders together to enhance international cooperation and to build the basis for
joint efforts in these vital areas. It is hoped that the delegates, working together,
will agree upon those areas of opportunity for cooperative action in the areas of
science and economics research. The goal would be to address three major
themes:

- Uncertain Change: The Science and Economics Research Challenge
- Integrating Science and Economics Research in the Policy Process; and
- Building Partnerships for Science and Economics Research.

The Conference provides a forum for international leaders to consider and
discuss research questions that are critical to the policy process, such as:

* How well can we predict temperature trends in the decades ahead?



* How “good” are our global-scale models, such as models to predict
temperature changes?

* How well can we predict the interconnections between global
environment change and the resulting social and economic impacts?

* What are the economic consequences of adapting to or mitigating global
change?

* How “good” are the models used to assess these economic consequences
and their impact on the well-being of humanity?

By addressing such questions, it is hoped that the nations might agree to support
joint international research efforts related to global change that focus on rapid
improvement of both scientific and economic knowledge and developing the
necessary infrastructure, including:

- Establishing a more formal international mechanism to improve the
coordination of global change science and economic research programs, and
- Participating in cooperative research efforts, such as the World Ocean
Circulation Experiment and cooperative economic projects of the OECD.

The Conference is a White House Conference, initiated by the President. Hence,
the President has appointed three members of the Executive Office of the
President in the relevant areas to be the co-chairmen of the Conference. The
three co-chairmen are: The Chairman of the President’s Council of Economic
Advisors, Dr. Michael J. Boskin; the President’s Science Advisor and Director of
the Office of Science and Technology Policy, Dr. D. Allan Bromley; and the
Chairman of the President’s Council on Environmental Quality, Mr. Michael R.
Deland.

The President stated, “this conference is a vital next step in a joint international
approach to address changes in the global environment.”
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Michael Schlesinger -- University of Illinois
Andrew Solow -- Woods Hole Oceanographic Inst.
Richard Lindzen -- MIT
Reginald Newell -- MIT

Patrick Michaels -- University Virginia

Thomas Karl -- NOAA -- North Caroclina Nat. Clim., Data Ctr.
Kirby Hansen -- NOAA

G. A. Maull -- NOAA

Richard Balling -- Arizona State
Sherwood Idso -- Arizona State -- USDA/Tempe

Hugh Ellsaesser -- Lawrence Livermore Labs

Kenneth Watt -- University California -- Davis

Robert Cess -- State University of New York

Reid Bryson -- Emeritus -- University of Wisconsin

Jerome Namias -- Scripps Institute La Jolla

William Reifsnyder -- Yale School of Forestry

Warren Washington -- National Center Atm. Res. Boulder

Rick Katz -- NCAR Boulder

Fred Woods -- OTA Congress |

Maro Cathey -- National Arboretum (Washington)
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THE WHITE HOUSE

WASHINGTON AC HAS SEEN

March 20, 1990

MEMORANDUM FOR THE DPC WORKING GROUP ON GLOBAL CHANGE

FROM: D. ALLAN BROMLEY W

SUBJECT: Task Force on Economic Costs Report

Enclosed herewith is the preliminary draft of the above mentioned task force report.
I have already expressed to Richard Schmalensee and his group my appreciation of
the excellent work that this report reflects. I know that he, and they, will welcome

any comments or suggestions that you may have concerning it and would encourage
you to communicate them directly to Dr. Schmalensee.

We will have an opportunity to discuss this report in a Working Group meeting in
the near future.

Please do not copy or otherwise distribute this preliminary draft.

Attachment



COUNCIL OF ECONOMIC ADVISERS -

EXECUTIVE OFFICE OF THE PRESIDENT
WASHINGTON

MEMBER OF THE COUNCIL

March 5, 1990

MEMORANDUM FOR THE HONORABLE D. ALLAN BROMLEY
ASSISTANT TO THE PRESIDENT FOR
SCIENCE AND TECHNOLOGY AND DIRECTOR

OFFICE OF SCIENCE A CHNOLOGY POLICY
FROM: RICHARD SCHMALENSEE
SUBJECT: Enclosed report

I hereby submit to you and thus to the DPC Global Change
Working Group the enclosed report of the Task Force on Economic
Cost. (I have also sent copies to all Task Force members,
including Nancy Maynard, and to a few interested individuals in
the complex.) The "Preliminary Draft" header is intended as leak
protection; no further work is planned.

CEA is mainly responsible for the lateness of this report;
we were slowed by the Economic Report of the President and by
severe secretarial and word processing problems. All other
agency representatives on the Task Force discharged their
responsibilities well and quickly and deserve the Working Group's
thanks. I strongly believe that this consensus document is a
better report than any single agency could have produced and that
it describes well what we know and don't know. I would be happy
to sketch its findings to the DPC Working Group if you think it
appropriate, though it may be more efficient simply to direct
Working Group members to the Executive Summary.

I await your decision regarding the distribution and/or
presentation of this document.

Attachment
Global Climate Report
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EXECUTIVE SUMMARY

There are substantial gaps in current knowledge about the economics and
physical science of global climate change. In fact, almost all the
quantitative projections in this report, as well as many of the qualitative
assertions, are controversial. Projections of climate effects and costs in
the distant future are inherently less reliable than forecasts of climate and

policy costs in the short run.

The Task Force recommends that an interagency, coordinated economic
research program be undertaken, similar to that in the climate sciences, that
would evaluate the economic effects of possible future climate change and the
benefits of slowing such change, the costs and effectiveness of various
adaptive and emissions reduction measures, and the effects of such measures on

U.S. and world trade and capital flows.

The remainder of this Executive Summary provides a very brief outline of
our main findings. Readers with an interest in a particular topic, such as
the impact of possible climate change on agriculture or estimates of the
economy-wide impacts of measures to limit carbon dioxide emissions, should
note that the main report, while lengthy, is structured to allow for a

selective reading.

BACKGROUND

Greenhouse Gas Emissions

Possible climate change is not a one-gas or one-nation problem. Carbon
dioxide, CFCs, methane, and nitrous oxide have accounted for about 87 percent
of the increase in radiati§e (greenhouse) forcing in the 1980s. Projections
of future emissions of these gases are uncertain, and comparisons of the

effects of those emissions are not completely straightforward.

vi
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Carbon Dioxide: Given the projected expansion in fossil energy use
throughout the world, CO, is expected to account for a larger share of
increased radiative forcing in the future than in the past. The United States
now accounts for about 21 percent of total anthropogenic CO, emissions, but
that share is expected to shrink to around 12 percent by the middle of the

next century.

Methane: Emissions rates of major sources of CH, are subject to
significant uncertainty. Over half of total anthropogenic emissions of
methane are produced by domestic animals (enteric fermentation) and rice
cultivation. Centrally-planned and developing nations account for the bulk of

these emissions.

CFCs: The United States and other developed nations now account for
well over half of emissions of CFCs and related gases, but the shares of
developing nations are expected to increase sharply as reductions and

phaseouts are implemented in accord with the Montreal Protocol.

Nitrous Oxide: Most N,0 emissions are associated with agricultural
activity and animal husbandry. Data on natural and anthropogenic sources of

nitrous oxide emissions are poor.

Potential Climate Changes

Projections of future emissions of greenhouse gases are highly sensitive
to future rates of population growth, economic growth, and development of new
technologies for energy production and use. The inability to place narrow
bounds on any of these factors necessarily places very wide bounds on any
forecast of future emissions.

Even if future emissions are assumed to be known, considerable
uncertainty attaches to the climate changes that would result from increased
atmospheric concentration of greenhouse gases. The effects of greenhouse
gases on global climate are forecast by climate models, a relatively new tool,
that may be reliable for the direction of temperature change but not for its

extent. Climate models predict that a doubling of the concentration of carbon

vii
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dioxide relative to the preindustrial atmosphere--or its equivalent in terms
of a combination of greenhouse gases--would result in an eventual global
average warming of between 2 and 9 degrees Fahrenheit. If the atmosphere
begins to warm, a transfer of heat from the air to the oceans is expected to
slow the rate at which air temperature actually rises. This effect could
delay the full impact of any given increase in the concentration of greenhouse
gases on observed air temperature for decades or even centuries, with wide

variations by region.

Some models suggest a marked soil moisture decrease in mid-latitude
continental regions during summer. Global sea-level increases by 2050 of 25
to 40 centimeters (recent IPCC estimate) could occur if warming of 2° to 9°
Fahrenheit occurred by the middle of the next century. Regional impacts of

possible climate change are highly uncertain.

Policy Alternatives

Planned adaptation involves actions taken in recognition of anticipated
warming to deal with its effects. Unplanned adaptation involves short-run
responses to actual warming as it takes place. Mitigation policies are aimed
at reducing the rate of possible warming by reducing net emissions of
greenhouse gases. Mitigation policies must generally be implemented well
before adaptation policies. They must also be implemented on a global scale.
The important economic implications of differences in timing between

adaptation and mitigation costs can only be revealed by discounting.

Given that the risk of global warming is still unclear, additional
research is certainly called for. Beyond that, relatively inexpensive,
flexible policies that can easily be reversed or expanded, and policies that
can be justified for reasons other than climate change should be highly

valued.
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"ADAPTATION: LIVING WITH GLOBAL WARMING

Climate and the Economy

The direct economic effects of climate change would be concentrated
primarily in agriculture, forestry, and possibly fisheries, which currently
account for about 2 percent of U.S. Gross Domestic Product (GDP) and about 5
percent of world GDP. In addition, a rise in the sea level could inundate
valuable dry land. Apart from agriculture and sea-level rise, little

quantitative research on climate impacts or adaptation costs has been done.

The indirect effects of climate change will create winners and losers
throughout the United States and global economies as demand shifts occur. For
example, demand for air conditioners and summertime electricity could rise,
while demand for space heating equipment and fuels and could fall. Tourism
might also be affected. The costs of adaptation would depend critically on
how rapidly warming occurs relative to the economic lifetimes of major

immobile assets.

Agriculture

Climate change could affect agricultural yields both positively and
negatively through variations in regional temperature, seasonality,
precipitation, and soil moisture. Estimates of these effects are very
uncertain. While increased CO, concentrations alone would likely have a
direct positive effect on efficiency of photosynthesis and water use, the
effects of higher temperatures could reduce yields. Estimates of the impact
of future global change on U.S. cereal crop yields range from an increase of

10 to 15 percent to a decrease of about the same magnitude.

Net economic effects on any country’s agricultural sector depend on
global yields and consequent impacts on market prices and trade flows as well
as on regional yield effects. USDA analysis shows that a scenario involving

U.S. yield decreases of between 10 and 15 percent results in slightly
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increased overall U.S. welfare once the effects of increased export prices are
factored into the analysis. This analysis suggests that climate-induced
changes in agriculture would not produce major positive or negative economic
effects by the middle of the next century. Yet, there could be significant

regional dislocations in crop production.

Sea-Leve ange

The adverse effects of possible sea-level rise on coastal
infrastructure, recreation, and coastal ecology could be either large or
small, depending on the rate and magnitude of any sea-level rise and on the
extent of planned adaptation. While densely developed shoreline areas in the
United States could be protected against sea-level rises that might occur by
2050 for less than $10 billion (present value), significant net losses of

drylands and wetlands could occur.

Human Health

The impacts of a possible warming on human health are extremely
controversial, and the scope for planned adaptation is unclear. Some studies
show significant possible increases in heat-related deaths, while others argue
that cities with appreciably different climates show no climate-related
differences in health risk. Global warming would likely cause some vector-
borne tropical diseases to spread northward, but the magnitude of this problem
is unclear. On the other hand, there could be a decline in cold-related

deaths.

Other Potential Effects

Forestry: If significant warming occurs, changes in U.S. forests could
be apparent in 30 to 80 years. Significant changes in forest range are
possible. Changes in forest distribution and composition could have major
impacts on timber production, runoff from forests, and recreational

opportunities. Without human intervention, rapid warming may make a northward
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forest migration difficult. Today's forest management decisions could have

long-term impacts on the composition and location of forests.

Fisheries: Fishery resources are known to be sensitive to climate
variation. However, the qualitative effects of warming on fisheries are
highly uncertain, and no quantitative economic analysis has, to our knowledge,
been attempted. Absent human intervention, ocean species are likely to be
less affected by any climate change than freshwater species, since oceans
would respond to atmospheric warming more slowly than smaller bodies of water.
Both the need and the opportunity for planned adaptation in the commercial

fishing sector appears to be limited.

Water Resources: In general, it is difficult to predict the impacts of
climate change on water resources with much confidence because of
uncertainties about regional precipitation. If significantly higher
temperatures occur, water supplies in California and the lower Great Lakes

could be reduced.

Biodiversity: The impacts of climate change on natural communities are
difficult to predict. Possible global warming could result in a decline in
biodiversity stemming from the loss or change of habitats that result in the

decline or loss of some animal and plant species.
MITIGATION: LIMITING GREENHOUSE GAS EMISSIONS

The costs of reducing carbon dioxide and CFC emissions are under active
study. Available estimates of CO, abatement costs remain preliminary and
controversial. Relatively little is known about the costs of reducing
emissions of other greenhouse gases. A revision of this section of the report
a year or two from now could rely on a much stronger research base
(particularly as regards CO,) and might well have different policy
implications.
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Background

Global Action & Differential Impacts: Global action is essential if
meaningful reductions in the expected growth of any of the greenhouse gases
are to be obtained without bringing economic growth to a halt. Even dramatic
unilateral cuts by the OECD member states would not be sufficient to achieve
widely-discussed global CO, goals unless most other countries participate
fully in emissions reduction efforts. For example, even the total elimination
of OECD emissions over the next 15 years would be insufficient to obtain a 20
percent global emissions reduction by 2005 if the USSR and Eastern Europe only
stabilize emissions at their current levels and developing countries take no
action to curb CO, emissions growth. Global action would also be necessary to
control methane and nitrous oxide emissions, which result primarily from

agricultural activities.

Differences in costs and benefits among nations may make it difficult to
obtain global agreement on specific goals and policies. For example,
countries that rely heaviiy on coal, which contains a relatively high amount
of carbon per unit of energy, may have greater concerns than other nations
regarding the impact of restrictions on CO, emissions on their level of oil
and gas imports and the consequent implications for energy security and trade

balances.

Incentives and Market Failures: An approach to limiting net
anthropogenic greenhouse emissions that encompasses all important greenhouse
gases and gas sinks as well as gas sources is preferable to one that considers
each source of greenhouse gases individually. Also, any set of nations should
be free to develop a joint strategy to meet their pooled ceilings, as long as
net global emissions are not thereby increased and existing treaty obligations
are not thereby violated. An approach incorporating these elements was

outlined in a U.S. concept paper tabled at the IPCC.

All analysts agree that some reductions in greenhouse gas emissions can

be obtained at low cost. Reductions in CFCs under the current provisions of
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the Montreal Protocol and the CFC phaseout likely to be included in a revised
Protocol this year fall into this category. There is disagreement as to the
extent of low-cost opportunities for limiting other greenhouse gases, but some

such opportunities undoubtedly exist.

Administration regulatory policy generally holds that primary reliance
should be on incentive-based approaches--including charges, user fees, and
tradable emissions rights. When market failures limit the power of such
approaches, those failures can be addressed directly. Command-and-control
efficiency standards have several significant disadvantages in comparison to
incentive-based systems or approaches that address perceived market failures

directly. The costs of efficiency standards are often hidden rather than

explicit.

Carbo oxide

Economy-Wide Analyses of Emission Limitation Costs: Several studies of
carbon dioxide reduction costs using economy-wide models have recently been
completed or are now in progress. Existing papers (and work in progress that
we have been briefed on) use a variety of modeling approaches, consider
different policies, and employ different baseline emissions growth
assumptions. These differences have important effects on cost estimates. All

results should be considered preliminary.

In general, work to date finds that the costs of stabilization or
reduction of CO, emissions by 2005 will be high--at least 1 percent of GNP per
year for widely discussed objectives, such as stabilizing CO, emissions at the
present level or securing and maintaining a 20 percent reduction from that
level. Some estimates suggest that achievement of such objectives would
involve significant reductions in long-term growth. The experience of the
U.S. economy in the 1973-85 oil shock period, when CO, emissions were constant
but economic growth was slow, offers a useful reference for comparison of
likely impacts of policies to sharply curtail fossil energy use on output and
productivity growth.
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Some recent analyses consider the use of a charge on the carbon content
of fossil fuels to téduce CO, emissions. This research generally concludes
that charges on the order of $100 per ton (which would amount to roughly a 180
percent increase in the delivered price of coal and a 70 percent increase in
the price of oil) would be needed to have a significant effect on emissions.
Much lower carbon charges may be of some value in the near term to compensate
for known external effects of energy use, to test the sensitivity of CO,
emissions to incentives, and to lay the foundations for higher future charges

if they are found necessary.

The aggregate economic effects of CO, emissions reduction policies would
not be felt evenly throughout the U.S. economy. The relative cost of energy
would increase substantially, increasing the relative price and decreasing the
consumption of energy intensive products. It is impossible to construct a
scenario for substantial CO, emissions reduction without a major adverse
impact on the coal industry. General equilibrium modeling suggests that an
effort to significantly limit CO, emissions would cause large changes in the
sectoral composition of the U.S. economy. Such sectoral changes, if gradual,
might occur without a drastic impact on the value of existing assets.

However, a policy that resulted in rapid sectoral changes could have a
significant impact on the value of assets in impacted industries and on the
value of immobile assets, such as residential housing, in impacted

communities.

Because the United States relies heavily on coal, the fossil fuel with
the highest amount of carbon per unit of energy, for electricity generation,
U.S. electricity rates would be likely to rise more than those in other
industrialized countries if concerted action were taken to curb CO, emissions.
Unless energy-intensive U.S. industries were able to greatly increase their
energy efficiency, they could be disadvantaged relative to major foreign
competitors who would be less affected by electricity rate increases.

Regulatory Adjustments: There are a number of reasons why total U.S.

investment in energy-efficiency may be suboptimal. Many analysts have called
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for a variety of regulatory initiatives to increase the efficiency of energy

use and, thereby, to reduce CO, emissions.

The elimination of electricity pricing distortions would be as likely to
yield increases in consumption and emissions as decreases. Many analysts have
called for reform of electric and gas utility regulation to give utilities
incentives to remove impediments to efficient investment in energy
conservation. While the desirability of regulatory changes of these sorts is

apparent, estimates of potential reductions in CO, emissions vary widely.

Energy-efficiency standards for buildings, appliances, and automobiles
represent another approach to limiting energy consumption, and thus CO,
emissions. However, Administration regulatory philosophy generally favors
addressing any information problems, institutional rigidities, or market
failures that may exist directly, rather than attempting to compensate for
them via efficiency standards that can impose significant hidden costs on

consumers and the economy at large.

A number of changes in agricultural programs that would have other
benefits can be expected to assist reducing greenhouse gas emissions. These
include reducing commodity price support levels, encouraging additional tree

planting, and conservation programs.

New Technologies: While new technologies offer significant CO, emissions
reduction potential after 2000, there is no simple "technological fix" to this
problem. A variety of technologies for generating electricity are in various
stages of development. The next generation of nuclear reactors, based on
simplified and standardized designs and passive safety features, may come into
use after 2000. Advanced energy use technology seems to have the potenfial to
contribute significantly to reducing CO, emissions, but estimates of the

extent of the contribution vary widely.

Increases in DOE's R&D budgets for end-user energy efficiency
improvements and for DOE programs that provide financial and technical

assistance to states, both of which have declined in recent years, would
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enhance conservation efforts. Most studies have found that the potential
gains from widespread use of available "best practice" technology are

significant, possibly up to 15 percent of current consumption.

Forestation: Reforestation is a (comparatively) short-term approach
that could generate a substantial decrease in net CO, emissions for at least
three to five decades. Cost estimates in one study of a global strategy
ranged from $4.29 to $8.03 per metric ton of carbon removed, while those in
another study for the United States ranged from $17.71 to $102.63 per metric
ton depending on program size. The net ecological and recreational benefits
of forestation would depend on the type of forest planted and the current use
of the land. The efficacy of forestation as a carbon management tool depends
importantly on how the stock of accumulated carbon in mature forests is
managed, but the costs and carbon removal potential of alternative management

strategies have not been systematically analyzed.

Methane

Because the developed countries account for only about 25 percent of
anthropogenic methane emissions, significant, cost-effective reductions in CH,
emissions will require global action. Feasible reductions in the areas of
animal waste, sizes of livestock herds, coal mining, landfills, and livestock
and rice production add up to more than enough to stabilize atmospheric CH,
concentrations. While a number of approaches to controlling these emissions
are available, no systematic policy design or costing analysis has been

performed.

Chlorofluorocarbons (CFCs)

The Montreal Protocol, which calls for a reduction in CFC emissions has
been ratified by nations that account for over 90 percent of global
consumption. The Protocol will be renegotiated in June 1990 and will almost
certainly include a phaseout of all CFCs by 2000 for applications where safe
substitutes are available. With widespread participation, this phaseout would
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significantly reduce the increase in radiative forcing attributable to
greenhouse gas emissions during the next century. The costs of eliminating

the use of CFCs will be approximately $3 billion (present value) over the next

10 years.

ous e

No systematic attention seems to have been devoted to the design or cost
of policies to reduce N;0 emissions from fertilizer use or other sources, in

part because the relevant science base is weak.
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I. INTRODUCTION

The charge of this Task Force was stated in a memorandum of October 23, 1989,
from Allan Bromley to Michael Boskin as follows:

As you know, rational models of the economic cost of either
action or inaction, are conspicuously missing from the public and
international debate on the subject. Economic consequences must
be understood before sound policy can be developed and

economically and socially acceptable actions taken. We simply
cannot proceed without that understanding.

I would ask that your Task Force on Economics include broad

interagency representation and identify, review, and inventory

similar work being done elsewhere--at universities, think-tanks,

and by your counterparts in other industrialized nations. I would

ask you to produce at least a preliminary report in three months.
The members of this Task Force, who are listed at the end of this report, were
encouraged to draw on the full range of resources within their agencies. The
Bibliography at the end of this document provides a fairly complete but not
exhaustive inventory of work that bears on the economics of global change. It

draws on a wide range of sources. (In particular, unpublished economic

studies that have been reviewed by CEA were included.)

Task Force members agreed on the outline of this report and took
responsibility for first drafts of individual sections. Drafts of the report
were prepared by CEA on the basis of agency submissions and were reviewed by

the Task Force.

Because this report was prepared with tight deadlines, it necessarily
embodies very little new research. It is intended to provide an overview of
current knowledge and key facts. It should serve to indicate that economic
analysis of global change ts fancy: few assertions about costs or
benefits can be made with confidence. The state of the literature, the
diversity of views on the Task Force, and our schedule combine to preclude any

attempt to produce anything like a comprehensive benefit-cost analysis. (But
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see Nordhaus (1989) for a crude but interesting‘attempt.) Moreover, almost

a of quantitative estimates his report, as well as many of the
qualitative assertions, are controversial.

Section II provides background on greenhouse gas emissions and their
likely climatic effects and on available policy types. Section III considers
the costs of living with global change, assuming no substantial efforts to
reduce greenhouse gas emissions. Section IV considers costs of reducing those

emissions. e dividual Sections are not entirely compartmentalized, but

can be read independently if necessary._

II. BACKGROUND

This section provides background material on current and projected future
greenhouse emissions and on scientific opinion regarding the effects of those
emissions on the global climate. The final subsection provides a brief,
general discussion of adaptation and mitigation strategies to serve as an
introduction to the analysis of these strategies in Sections III and IV,

respectively.

A. Greenhouse Gas Emissions

Increases in the atmospheric concentrations of at least 25 trace gases
contribute directly or (via chemical reactions) indirectly to the retention of
solar radiation by the earth (radiative forcing). Five greenhouse gases,
described in Table II.1. have accounted for about 87 percent of the increase
in radiative forcin the 1980s and about 92 percent of the increase over
the 1880-1980 period (Ramanathan, et al., 1985; Hansen, et al., 1988). These
gases are, accordingly, the focus of the rest of this subsection and of the
mitigation strategies considered in Section IV. The emissions projections for

these gases in Tables II1.2-5 are based on the Rapidly Changing World scenario
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in Lashof and Tirpak (1989); they should be treated as providing rough orders

of magnitude, not precise estimates.

Table II.1

Main Greenhouse Gases

Percentage Share

of Increased Atmospheric Forcing
Radiative Forcing Lifetime Index
Gas in the 1980s (vears) (molecular)
Carbon Dioxide (CO,) 49 250 1
Methane (CH,) 19 10 30
Chlorofluorocarbons 14 60 & 75 22,000 &
(CFC-11 & CFC-12) 25,000
Nitrous Oxide (N,0) 5 100-175 200

Sources: Hansen, et al. (1988); Department of Energy; Wuebbles and Edmonds
(1988).

Comparisons of the effects of future emissions of various greenhouse
gases are not completely straightforward. Differences in atmospheric

lifetimes lead to different time patterns of effects, so that decisions
regarding discounting may be important (Lashof and Ahuja, 1989). (Note also
the uncertainty attached to the lifetime of N,0.) And, while the radiative
forcing effects of changes in atmospheric concentrations of any trace gas are
apparently easy to calculate, the effects of changes in emissions on
atmospheric concentrations depend both on pre-existing concentrations and on
various imperfectly understood geophysical feedbacks, which also affect
atmospheric lifetimes.

1. Carbon Dioxide. Measurements of CO, levels show atmospheric
concentrations increasing from somewhere between 250 and 295 parts per million

(ppm) at the beginning of the 19th century to 346 ppm in 1986. Good data are
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available on fossil fuel CO, emissions and (the far smaller) emissions from

cement production; data on the impacts of land use changes (primarily tropical

deforestation) are fair to poor. It is important to keep in mind that natural

ows of carbo to and out of the atmosphere are rough te o _twenty times

er t h ropoge ows [o) ted with human activ

Table II.2 provides historic and projected anthropogenic emissions data
by region and by source assuming no mitigation. These projections are
uncertain because of uncertainties about future population and economic
growth, sectoral composition of GNP, and sector-specific energy efficiencies.
Nonetheless, it is important to note that because energy-related sources of
CO, emissions are expected to grow comparatively rapidly, and CFCs are

expected to be controlled significantly, €O, is expected to account for a

larger share o ncreased radiative forcing in the future than in the past.
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Table II.2
Carbon Dioxide Anthropogenic Emissions Share Projections

ercentage Shares

_____ Source 1985 2000 2015 2050
Countries
United States 21 19 16 12
Rest of OECD 22 19 16 12
USSR & Eastern Europe 22 22 19 18
Centrally Planned Asia 10 13 16 21
Other Developing _25 _28 _32 _37
100 100 100 100
Sectors
Commercial Energy 86 87 89 92
Tropical Deforestation 12 11 9 6
Other _2 _2 o _2
100 100 100 100
Total Scenario Emissions 5.99 8.05 10.27 16.95

(10° tonnes Carbon)
Average Annual Growth Rate 1.6%

Source: USEPA (1989) Rapidly Changing World Scenario

The U.S. now accounts for about 21 percent of total anthropogenic CO,

emissions, but that share is expected to shrink to around 12 percent by the

middle of the next century. Despite the attention paid to tropical
deforestation, most anthropogenic CO, emissions are and will be the result of
combustion of fossil fuels. The United States has comparatively high CO,
emissions per capita from fossil fuel consumption and cement production, in
part because it makes relatively heavy use of coal. In the United States,
coal burned by electric utilities accounts for 31 percent of total fossil fuel
CO, emissions; the entire utility sector accounts for 37 percent, and the
transportation and industrial sectors account for 29 and 21 percent,

respectively.
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2. Methane." ‘ Atmospheric concentrations of CH, were relatively -
constant prior to the middle of the last century at about 700 parts per
billion (ppb); by 1987 CH, concentrations had increased to 1675 ppb.
Recently, atmospheric concentrations of methane have been increasing at an
observed rate of about 1.1 percent annually. The contributions of the
different sources of methane that together account for aggregate emissions
remain uncertain. Anthropogenic emissions of CH, are thought to account for
roughly two-thirds of all emissions. Table II.3 contains estimates of

anthropogenic emissions; they should be treated as uncertain.

The United States now contributes about 12 percent of anthropogenic

emissions of CH,; this share is predicted to decline to about 8 percent. QOver

half of total anthropogenic emissions of methane are produced by domestic
animals (enteric fermentation) and rice cultivation. The centrally-planned

and developing nations account for the bulk of these methane emissions.
Energy-related methane emissions occur in coal mining, and when natural gas is

gathered, transmitted, distributed or vented.
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Table II.3
Methane Anthropogenic Emissions Share Projections

Percentage Shares

Source 1985 2000 2015 2050
Countries
United States 12 11 9 8
Rest of OECD 13 12 12 10
USSR & Eastern Europe 13 14 14 15
Centrally Planned Asia 17 16 17 19
Other Developing _4L6 _47 _49 _48
100 100 100 100
Sectors
Fuel Production 18 22 26 32
Enteric Fermentation 23 24 23 22
Rice Cultivation 34 31 29 24
Landfills 9 10 10 14
Tropical Deforestation 6 6 5 4
Other _9 _1 . _5
100 100 100 100
Total Scenario Emissions 320.1 399.5 476.8 710.5

(10° tonnes CH,)
Average Annual Growth Rate 1.2%

Source: USEPA (1989) Rapidly Changing World Scenario

3. Chlorofluorocarbons. CFCs are entirely man-made and were
discovered during the 20th century. The concentrations of CFC-11 and CFC-12
were 226 parts per trillion (ppt) and 392 ppt, respectively, in 1986 and have
been rising at 4 percent annually. Table II.4 gives projected regional
emissions of these two gases assuming implementation of the Montreal Protocol
(aimed at reducing stratospheric ozone depletion) in its present form, with
100 percent participation by developed countries and 75 percent participation
elsewhere. (As Section IV.b. notes, it is likely that the Protocol will be
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revised to call for a phaseout of CFCs by the year 2000 for applications where

there are safe substitutes.)

Table II.4

Chlorofluorocarbon (CFC-11 + CFC-12) Emissions Share Projections
Assuming no Further Controls Beyond Present Montreal Protocol

Percentage Shares

PRELIMINARY DRAFT OFFICIAL USE ONLY
|
|
|

Source 1985 2000 2015 2050
United States 24 18 17 12
Other Developed 41 24 24 21
USSR & Eastern Europe 16 14 14 13
0.2Kg Nations* 6 14 15 19
Other Developing 12 _30 _30 _36
100 100 100 100
Total Scenario Emissions 642.1 837.8 755.1 828.5
(10° tonnes CFC)
Average Annual Growth Rate 0.4%

* Nations with CFC use between 0.1 and 0.2 kilograms per capita and likely
| to reach the 0.3 kilogram per capita limit in the Montreal Protocol
! prior to 1999.

‘ Source: USEPA

Note that global emissions of CFC-11 and CFC-12 are projected to
increase under the present terms of the Montreal Protocol. Emissions of
related greenhouse gases (particularly CFC-22 and Methyl Chloroform) are
projected to increase quite rapidly. Considering these related gases does not
alter the message of Table II.4: the United States and other developed nations
now account for well over half of emissions of CFCs and related gases, but,
with no further controls beyond the present Montreal Protocol, the shares of

develo tions are expected to increase sha . The speed with which
safe substitutes are identified and the extent of developing country
participation in the likely phaseout of CFCs are uncertain and will
significantly affect future shares and quantities of emissionms.
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4. Nitrous Oxide. Atmospheric concentrations of N,0 averaged about
285 ppb from 1600 to 1800, began to rise slowly at the start of this century
and more rapidly after 1940, and are now around 310 ppb. Data on natural and

anthropogenic sources of N,0 emissions are poor, and the data in Table II.5

should be considered as approximate at best. The Department of Energy
believes that N,0 emissions associated with energy processes may be

overestimated by an order of magnitude.

Table II.5
Nitrous Oxide Anthropogenic Emissions Share Projections

Percentage Shares

Source 1985 2000 2015 2050
Countries
United States 14 12 11 9
Rest of OECD - 13 14 14 12
USSR & Eastern Europe 14 15 14 13
Centrally Planned Asia 13 16 14 15
Other Developing _46 _47 _47 _52
100 100 100 100
Sectors
Coal Combustion 25 26 29 36
Fertilizer Use 38 43 44 41
Gain of Cultivated Land 10 8 8 6
Tropical Deforestation 13 11 10 9
Fuelwood & Ind. Biomass 5 4 3 2
Agricultural Wastes _10 _8 1 _6
100 100 100 100
Total Scenario Emissions 4,21 5.85 6.87 8.85
(10% tonnes N,0)
Average Annual Growth Rate 1.2%

Source: USEPA
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As in the case of methane, most N;0 emissions are associated with

agricu ctivity and with developi ations. Increased fertilizer use
has both raised N,0 emissions and dramatically increased food supplies in many
developing nations. The U.S. share of world N,0 emissions is only about 14
percent and is expected to fall below 10 percent by mid-century.

B. Potential Climate Changes

Formulating a realistic and responsible outlook on possible climate
effects associated with increasing atmospheric greenhouse gas concentrations

requires providing answers to a sequence of increasingly complex questions.

1. Uncertainties. 1t is first necessary to project future emissions
of greenhouse gases. As noted above, such projections are inevitably
uncertain. It is then necessary to predict how much of the assumed emissions
will remain in the atmosphere after accounting for the effects of natural
processes. Typical tentative scenarios, like those underlying the emission
share projections in tables II.2 to II.5, assume that emissions will be
sufficient to result in the radiative equivalent of a doubling of atmospheric
carbon dioxide (the combined effects of CO, and other trace gas increases)
between 2030 and 2070.

Once the greenhouse gas levels in the atmosphere are projected, the next
step is to project associated changes in heating of the earth system as a
wholé. An increase in radiative forcing by greenhouse gases does not
necessarily imply a significant warming of the planet. For instance, it has
been argued that a strong negative cloud feedback mechanism could counter the
effects of greenhouse gas buildup. In this case little net warming of the
system would take place. A recent study found that using a different
representation of clouds in a climate model reduces the predicted global
warming by a factor of two to three. However, scientists have identified
other possible feedback mechanisms that would make the warming problem worse

than predicted. The best climate models available today indicate that

10
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increased greenhouse gas concentrations will lead to some warming of the
overall earth system. Because potentially important positive and negative
feedbacks which have not been adequately modeled are known to exist, the
questions of whether a systematic warming will take place, and its magnitude,

must still be considered as open.

The next question is more subtle and complex: to what extent will a
warming of the earth system be manifested in actual surface temperature
change? The role of the ocean as a heat sink illustrates this issue well.
Recent computations with one of the world's leading coupled ocean/atmosphere
models indicate that a one percent per year carbon dioxide buildup (doubling
by 2040; redoubling by 2120) would produce for the Northern hemisphere a
warming of 3.8°F at the equator by 2050, increasing to around 7.2°F at high
latitudes. But in this computation, the Southern latitudes hardly warm at all
because the high latitude southern ocean absorbs virtually all the heat from
greenhouse warming (ocean temperatures increase slightly). Under this model,
the earth system would clearly warm, but air temperatures would scarcely be
affected in the Southern Hemisphere. The particular configuration of the
ocean, atmosphere and land surface in the Southern Hemisphere is responsible
for this outcome. More generally, observed increases in air temperatures will

lag behind equilibrium temperature increases (those that would eventually
occur with given atmospheric concentrations of greenhouse gases) for decades

or even centuries.

While considerable advances have been made in climate models, it is

important to note that model simulations of global warming are not consistent
with the historical record, itself the subject of considerable debate. The

available models predict an increase in global surface temperature with
increasing greenhouse gases, but analyses of land and sea surface temperature
changes over the past century generally fail to detect such a pattern. On the
other hand, our ignorance is a two-edged sword. Some scientists view
increased risk of catastrophic climate changes--such as a sudden shift in the

ocean currents that now warm Western Europe--that might be produced by

11
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geophysical processes we do not understand well as a major adverse consequence

of increasing atmospheric concentrations of greenhouse gases.

L Projections. Because of these multiple, compounding
uncertainties, quantitative model projections of greenhouse gas warming must

be considered speculative and subject to improvement as understanding

progresses. All climate models predict that doubling the concentration of CO,

elative to the preindustrial atmosphere would result an eventual globa
average warming. The quantitative predictions for actual (realized) average

warming by 2050 vary over the range 2°F-8°F. (The low (high) end of this
range corresponds roughly to the annual average difference between Washington
and Sacremento (Dallas).) However, some recent results from models using
specifications of cloud behavior believed to be more realistic have reduced
equilibrium warming projections by half. Modelers generally agree that
seasonality will decrease, with winter temperatures rising more than summer

ones.

The models differ substantially on regional scale projections,
compounding an already difficult problem of predicting regional temperature,
precipitation or soil moisture. There is general agreement among climate
modelers that, while precipitation would increase globally in a global warming
scenario, regional patterns of precipitation would probably change, leaving
some areas considerably wetter or drier. Translating these precipitation
changes into changes in soil moisture is yet another question, since soil
moisture is a function of soil and vegetation characteristics as well as
precipitation, temperature, and humidity. Differences in soil moisture and
temperature could also affect soil’s capacity to absorb greenhouse gases.

Some models suggest a marked soil moisture decrease in midlatitude continental
regions during summer.

Possible changes in worldwide sea level are also subject to extreme
uncertainty. Warming could raise sea level by thermal expansion of the upper

layers of the ocean and by the melting of land-based ice. However, current
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measurements have found that Greenland and Antarctic ice cover is currently
increasing, not melting away. An American Geophysical Union panel recently
suggested a range of global sea-level increases by 2050 of between 10 and 70
centimeters. The science group of the Intergovernmental Panel on Climate
Change (IPCC) is apparently reaching consensus that a_warming within the range
rojected by climate models might be accompanied by a global sea-level rise of

between and 40 ntimeters b 050.

C. Policy Alternatives

The next two sections of this report consider the two basic types of

policies available to deal with global change: adaptation and mitigation.

Adaptation policies, which seek to lower the costs of global warming,
come in two forms: planned and unplanned. Planned adaptation involves actions
taken in advance of anticipated warming; examples include development of heat-
resistant plant strains and decisions not to undertake new construction on
land that may be inundated by sea-level rise. Unplanned adaptation involves
reactions to actual warming, such as the use of more air conditioning. For
the most part, effective planned adaptation policies can be designed and
implemented at the local or national levels, while unplanned adaptation mainly
reflects decisions of individual firms and households. If global warming

occurs over time, adaptation would also be a continuing process.

Mitigation policies are aimed at reducing net emissions of greenhouse

gases. This can be done either by reducing gross emissions (by reducing the
use of CFCs or the burning of fossil fuels, for instance) or by increasing the
removal of greenhouse gases from the atmosphere by natural processes (by

reforestation, for instance).

Because some greenhouse gases have long atmospheric lifetimes, and
because any changes in climate may lag changes in net emissions by many
decades, mitigation policies must genera be implemented we before

adaptation policies. Using a 5-percent real discount rate, $100 billion spent
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on adaptation in 2050 is equivalent in terms of cost to $4.2 billion spent on
mitigation today. (If an investment yields a 9-percent rate of interest in
dollar terms, but prices rise at 4 percent per year, the real purchasing power
of invested funds grows by 5 percent annually.) A 5-percent real discount
rate is used throughout this report, but the literature contains arguments for

both higher and lower rates.) Because the time scales here are longer than in

most issues, the important economic implications of differences in timing
between adaptation and mitigation can only be revealed by discounting.

Effective policy design must reflect the fact that there are great
uncertainties about future emissions, implied climate changes and their
effects, and the costs of reducing net emissions. It is of course important
to support scientific and economic research to close the many gaps in our
knowledge. But it is also important to recognize that policies adopted today
may vary significantly in how their attractiveness would change as uncertainty
is reduced in the future. The benefits and costs of proposed policy actions
should be evaluated under a broad range of outcomes that reflect the
significant uncertainties that pervade the global climate issue. exible

olicies that can easily be reversed or expanded, and po jicies that can be

us ed easons othe an climate change should be hly valued. This
approach has been promoted by the United States in the international community
since Secretary Baker's February 1989 address to the Response Strategies
Working Group (RSWG) of the IPCC.

III. ADAPTATION: LIVING WITH GLOBAL WARMING

This section considers the economic costs of global warming as described in
Section II.B., above. We begin with an overview of the general effects of
climate change on the economy. The rest of this section then considers the
specific effects and related planned adaptation policies on which most
attention has been focused, concentrating on the period between now and the

middle of the next century.
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A. Climate and the Economy

Climate change can affect economic activity both directly, by altering
production possibilities, and indirectly, as adaptation to change and its
direct effects alters demands for and supplies of particular goods and
services. For example, warming would directly affect operators of ski areas

and indirectly affect manufacturers of ski equipment.

The direct economic effects of climate change would be concentrated
rima agriculture, forest and fisheries, which currently account for
about 2 percent of U.S, GDP and about 5 percent of world GDP. In addition, a
rise in the sea level could inundate valuable dry land, and some have argued

for substantial adverse direct effects on human health. The construction
industry could benefit directly from reduced seasonality, and hydropower
production would be affected by changes in precipitation and runoff. The

subsections that follow focus on the most-discussed direct effects of global

warming. Because of gaps in both science and economics, we have comprehensive

impact cost estimates only for agriculture and comprehensive adaptation cost
estimates only for sea-level rise.

e indirect effects of climate change will create winners and losers
throughout the United States and global economies. If energy use is not
curbed to reduce greenhouse emissions, for instance, electric utilities and
their suppliers could be important winners. (The EPA estimates that a summer
temperature increase of 6.7°F would require an increase in electric generating
capacity of between 25 and 50 percent of current capacity.) Demand for air
conditioners and heat exchangers would rise, benefiting producers of these
products. Producers and distributors of space heating equipment, heating
fuels, and winter clothing would likely face decreased demand. Using existing
econometric models, it is not generally possible to translate qualitative
assessments of this sort into quantitative estimates.

The costs of adaptation would depend critically on how rapidly warming

occurs. Useful lives of plant and equipment tend to be substantially less
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than 50 years, so that even a steady change in climate over the next century
would permit considerable change in the location and composition of economic
activity without major disruptions. If sudden changes were required, the
values of some immobile assets would drop sharply, and disruptions would
occur. Sudden population shifts, for instance, would lead to abandonment of
infrastructure in some areas along with the need for major new investments in

other areas.

B. Agriculture

Climate change could affect U.S. agricultural markets directly through
changed domestic yields and indirectly through changed world prices and trade
flows brought about by changed crop production abroad. While a number of
possible planned adaptation policies have been identified, their likely costs

and effects have not been fully analyzed.

1. Potential Yield Effects. Unfortunately, as noted in section
II.B, even given an assumeéd level of global warming, available predictions of
regional temperature, seasonality change, precipitation, and soil moisture
vary greatly, leading to highly uncertain agricultural projections. In
addition, agricultural effects would vary over time if climate continued to

change with gradual increases in atmospheric trace gas concentrations.

Recent studies of the effects of climate changes on crop yields include
Smith and Tirpak (1989), Parry, et al. (1988a, 1988b), and Santer (1985).
These studies suggest that middle latitude yields would fall and northern
latitude yields would rise with a doubling of CO, levels and consequent
warming.

These estimates do not incorporate important factors such as farm
management response with existing technology, the development of new crop
varieties better suited to nmew climate and ambient CO, conditions, irrigation
costs, and changes in the distribution of agricultural pests and diseases.

For example, temperature increases may extend the geographic range of some
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crop insect pests currently limited by temperatﬁres (Smith and Tirpak, 1989).
Climatic warming may also increase the geographic distribution of livestock
diseases, even allowing some livestock diseases that are presently limited to
tropical countries to spread into the United States. The rate of many of
these changes would likely be small compared to current year-to-year
variability.

Most crop modeling results point to 10-20 percent declines in yields in
the Southern United States and slight increases in the Northern United States.
However, a recent workshop (National Climate Program Office, 1989) that
discussed some of these factors concluded that the net effect of trace gas
doubling would be to increase yields in all countries by 15 to 40 percent. On
the other hand, some argue that the workshop assumed an optimistic change
scenario (3.8°F warming and a 15 percent increase in precipitation) and did

not consider changes in pest activity or possible summer droughts.

2. Economic Implications. Because national agricultural markets
are linked by international trade, the net effect of climate change on any
country will depend on how changes in regional climates affect global

agriculture d how se nges affect agricultura ces and trade flows.
Because the United States is a large net agricultural exporter, economic
losses associated with domestic declines in crop yields could be partially,
fully, or more than fully offset by producer gains from the higher
agricultural prices that would occur if world supply tightened. The same
mechanism would, of course, operate to offset the economic gains stemming from
yield increases that some believe could follow from increases in atmospheric

concentrations of CO,.

Kane et al. (1989) used an international trade model (Roningen, 1986) to
estimate the economic effects of changes in agricultural yield induced by
climate change. That analysis, which deals only with major grain and oilseed
crops and does not consider fruits, vegetables, poultry, or livestock, has
been updated by USDA for this report. Crop yield range estimates are a
synthesis of recent suggestions (Parry, et al. 1988a, 1988b; United Nations,
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1989). These estimates, summarized in Table IIi.l, are largely illustrative
because of the high degree of uncertainty concerning the regional yield
effects of climate change; note in particular that, in contrast to the NCPO

exercise discussed above, the U.S. yield impact is negative.

This analysis predicts a climate-induced increase in world corn and
soybean prices of about 10 percent, since most production of these crops
occurs in mid-latitude countries that may be adversely affected by climate
changes. The prices of all other primary agricultural commodities are

estimated to decline, though prices of oil and me:l would rise.

Table III.1

Estimated Economic Welfare Effects in 2050
of Climate-Induced Agricultural Yield Changes

Assumed Percentage Estimated Net

Changes in Yields Welfare Change
Country/Region of Major Crops (1986 Smillions)
United States -10% to -15% +194
Canada -10% to +5% -167
European Community -5% to -10% -763
Northern Europe +10% to +30% -51
Japan " -5% to +15% -1209
Australia +10% to +15% +66
China +10% +2882
USSR +10% to +15% +658
Brazil No change -47
Argentina No change +95
Pakistan No change -50
Thailand No change -33
Rest of the World No change -67

As Table III.1 shows, these estimated price changes would lead to small
increases in net U.S. and global welfare. For individual countries, large

domestic yield effects do not necessarily translate into large welfare
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effects; welfare effects depend on prices determined in world markets and on
flows of imports and éxports. Thus, even though yields are assumed to fall in
the United States, U.S. net welfare is estimated to increase by just under
$200 million in 2050. (These estimates do not consider adaptation costs, such

as the possible need to increase irrigated acreage.)

When these welfare effects are discounted to the present, they are seen
to be even less important than Table III.1 might suggest. At a 5-percent
annual rate of discount, the present discounted value of the estimated $1.51
billion of net climate change benefits in world agriculture in 2050 is just
$81 million. Assuming linear growth in net benefits to 2050, the present
discounted value of all net benefits over the next 60 years is only $8.1
billion. To put these numbers in perspective, another application of the
model used here found that trade-distorting agricultural policies imposed
world-wide costs in 1986 alone of $31 billion.

Kane, et al. (1989) provide an informative sensitivity analysis. Only
when assumed yield reductions in the United States, Canada, and the European
Community (EC) are set at a very high level (greater than 40 percent), do
welfare effects become greater than 1 percent of GDP in the countries studied.
Thus, even with minimal planned adaptation, it appears that climate-induced
changes in agriculture should not produce major national-level economic

effects ositive or negative, by the middle of the next centu However, the

possibility of substantial variation in regional impacts cannot be ruled out.

3. Adaptation. u.s. agriculture can improve its resilience to
climate change through several adaptive strategies. These include increasing
irrigation and water use efficiency, developing and planting heat- and
drought-resistant crop varieties, enhancing soil and water retention through
use of low tillage and crop rotation practices, maintaining and enhancing the
genetic and technological diversity of agricultural systems, and improving
pest control techniques in anticipation of possible northward migration of

pests. Agricultural policies and programs, such as price support and acreage
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control policies, should be reviewed to determine whether there exist
modifications that would help ensure timely and efficient adjustment to
possible climate change and that would contribute to trade and other policy

goals.

C. Sea-Level Changes

ve -lev
ast e, recreatio nd coastal ecolo ould be eithe e o
small. The severity of these effects will be determined by the magnitude and

rate of any sea-level rise and whether planned adaptation policies are
instituted. Unfortunately, only a few estimates of the costs of sea-level

rise or of adaptation policies are available.

1. Possible Impacts. A foot of sea-level rise can erode a typical
beach 100 to 300 feet; a 40-inch rise could translate into 900 feet of
erosion. The U.S. coastline, as that of most other industrial maritime
nations, has been extensively developed, with buildings often within 100 feet
of the sea. Even if currently densely developed areas were protected, losses
of dryland and coastal wetlands could be substantial if rates of rise were

rapid.

The loss of land by erosion and flooding due to accelerated sea-level
rise would translate into lost economic services. Gibbs (1984) estimated that
the present value (using a 3-percent discount rate and in 1980 dollars) of
lost economic services to Charleston, South Carolina, due to an 83 centimeter
rise in sea level could be $1.3 billion. However, planned adaptation could
reduce this loss by 65 percent to $0.4 billion. The amount of rise considered
in this analysis is more than double the high end of the most recent IPCC
estimate of likely sea-level rise by 2050 if significant warming occurs.

Other nations could also face losses from any sea-level rise. A one-
meter rise would inundate 7 percent of the land (occupied by 5 percent of the
population) in Bangladesh. Egypt would lose 12 percent of its habitable land,
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affecting 14 percent of its population. The cost to each nation could exceed
2 percent of GDP. No estimates are available for the effects of the 25 to 40
centimeter sea-level rise considered most likely to occur by 2050 if

significant warming occurs.

Higher sea level would allow the saltfront of rivers to travel further
upstream than before and could also allow high salinity water to contaminate
groundwater. Hull and Titus (1986) found that with a one-meter rise in sea
level, reservoir capacity would have to be significantly increased to allow
Philadelphia to continue withdrawing its drinking water from the Delaware
River. New York City, which withdraws water from the Delaware headwaters,
would also be affected. Less than $1 billion ($180 million to $908 million)
in present value capital outlays would be needed to compensate for this
possible reduction in water supply following from climate change. (The
present values are derived from estimates of $2.8 to $14 billion in
undiscounted 1986 dollars cited by EPA, assuming a 5 percent real discount

rate with all expenditures incurred in 2050.)

Without significant changes in its water management plans, Miami's
primary source of drinking water would be rendered unusable by salinity
increases if a one-meter rise in sea level occurred. Even with action, the
city would face reduced supply. Many other communities along the coast could
feel similar effects on their drinking water supplies if such a large sea-

level rise were to occur.

Storm surges would be likely to increase in height by the amount of sea-
level rise, making flood damages more frequent and severe. The size of flood
plains would likely increase. As a result, flood insurance costs would

probably go up, even with anticipatory policies.

3. Adaptation. It would not make economic sense to protect the
entire U.S. coastline against any substantial sea-level rise. If the sea
level were to rise gradually and predictably, substantial costs could be

avoided by discouraging additional development or replacement construction in
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low-lying areas (perhaps in part by altering Federal flood insurance policy).
Particularly for less developed areas, discouraging development would allow
beaches to maintain their natural form, wetlands to migrate landward if rates

of sea-level rise are moderate, and flood and storm damage to be minimized.

It might, however, also be necessary to nourish recreational beaches
with sand and to use levee systems to protect some densely developed shoreline
areas. Estimates from Smith and Tirpak (1989) of the costs of these actions
through 2100 under alternative sea-level rise assumptions, along with the
resulting loss of drylands and wetlands, are shown in Table III.2. (To put
the estimated dryland losses in perspective, the land area of Florida, which
would be particularly hard-hit by substantial sea-level rise, is about 54,000
mi2.) As this table suggests, while densely developed shoreline areas could
be protected against likely sea-level rises at moderate (present value) cost

e d ds d we s would occur.

Table III.2

Protecting Densely Developed Shoreline
Areas from Sea-Level Rise

Sea-Level Rise by 2100

Baseline* S50cm _ 100cm 200cm

Cumulative Costs to 2100
(1986 $billions)

Present Value*¥* 0.6-0.8 3.9-5.3 9.0-13.7 20.8-38.1

Undiscounted Sum 4.8-6.2 32-43 73-111 169-309
Dryland Lost 1500- 2200- 4100- 6400-
(mi?) 4700 6100 9200 13,500
Current Wetland Lost 9-25 20-45 29-69 33-80
(percent)

* Assumes current rate of sea-level rise, 1l2cm per century.
** Assumes rate of spending rises 1 percent per year; uses 5 percent real
discount rate (continuous time).
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D. Human Health

The impacts of global warming on human health are extremely
controversial, and the scope for planned adaptation is unclear.

1. Possible Impacts. The consensus view of a recent National
Research Council Workshop (1987, p. 19) was that "...long-term climatic
changes in temperate latitudes are unlikely to have major health
implications." In their comments on a draft of the 1990 Economic Report of
the President, HHS (Tompkins, 1989) asserts that "...global warming by several
degrees would pose no direct health risks whatsoever..." and notes even though
Atlanta’s climate in much warmer than New York's, there is no evidence of a
climate-induced difference in health risk.

On the other hand, a recent EPA report (Smith and Tirpak, 1989) finds
that warming could lead to increases in summertime morbidity and mortality in
the United States and the rest of the world. The report notes that any such
effects would be more pf&ﬁounced in some regions than in others and that the
extent of acclimatization will play a large role in determining the effects of
any actual warming on health. The apparent absence of a climate-related
differences in health risk between northern and southern cities and the lesser
effect of current heat waves on mortality in Southern cities suggests that
human populations could acclimatize, especially if warming occurred over
several decades. The EPA report also notes that any warming would probably
reduce the number of weather-related deaths in winter months regardless of the
degree of acclimatization. The report concludes that it is not clear what the
net effect of these two offsetting trends may be, but one of the underlying
papers suggests that an overall increase in mortality is most likely.

Several vector-borne diseases, such as yellow fever, dengue fever, and
malaria, have the potential to spread northward if the climate warms. For
example, the vector of dengue fever breeds year-round in the United States

only in southern Florida, but it could move northward by several hundred
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miles. The National Research Council Workshop (1987, p. 19) concluded that
the expansion of ranges of tropical disease vectors "would mostly affect

developing countries." Public health facilities in these nations could not
readily handle a dramatic increase in infectious disease with their current
resources. Their future ability to cope would depend largely on the rate of

improvement in living standards.

2. Adaptation. A national watch/warning system could be developed
(much like the systems that now warn of hurricanes and severe snowstorms) to
advise people when stressful weather conditions are imminent. Immunization
programs could be conducted in anticipation of the spread of certain vector-
borne diseases into new areas. An improved health screening program could be
developed for immigrants. Finally, improved surveillance systems could

provide better data on the incidence and spread of infectious diseases.

E. Other Potential Effects

This subsection considers the implications of possible global warming
for forestry, fisheries, water resources, and biodiversity. While a variety
of possible adverse impacts have been identified in each of these areas,

little quantitative analysis has been attempted to date.

1. Forestry. Climate changes could have a significant impact on the
forestry industry. Unfortunately, no attempts have yet been made to quantify
the economic impact of such changes on producers or consumers. As in

agriculture, both yield and price effects are relevant.

a. Possible Impacts. If significant warming occurs, climate-induced

changes U orests could be apparent 30 to 80 vears, Forest ranges
could shrink considerably. The southern boundary of forests in the eastern
United States could move several hundred to one thousand kilometers north
under plausible global change scenarios. The potential northern range could
shift by as much as 600-700 km over the next century under these scenarios,

but slow rates of natural forest migration could limit the actual movement to
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as little as 100 km. Northward migration may also be limited by less fertile
soils and decreased sunlight availability in the North. These projections do
not account for the favorable effects of CO, on water use efficiency and rates
of photosynthesis, reductions in freeze damage, or human intervention in the

forest migration process.

Changes in forest distribution and composition could have major impacts

on_timber production, runoff from forests. and recreational opportunities.
Dieback along the southern limits of U.S. forests could result in productivity

declines in present dominant species of 46 to 100 percent under some plausible
scenarios. This estimate does not account for human intervention, such as
species transplantation. The response of forests to climate change could also

modify runoff patterns and increase the potential for soil erosion.

Forests in other regions of the world would also be affected by

significant warming. A recent analysis for the IPCC (Government of Finland,

1989) suggests that boreal forests will become more productive if significant
warming occurs. Others believe that these same forests would be especially
hard hit, since most climate models suggest that any warming that occurs would
be greatest in high latitudes. While temperature increases may be smaller in
the tropics, tropical forests could be significantly affected by changes in
rainfall and land use pressures that may impede forest migration to more

suitable locations.

b. Adaptation. Today's forest management decisions could have long-term
impacts on the composition and location of forests. Planned adaptation

measures that could be considered include maintaining forest diversity and
extensiveness to enhance the ability of forests to respond to a range of
climatic conditions; developing and testing fast-growing and heat- and
drought-resistant species; preparing for dieback along southern boundaries
with plans for rapid harvesting and removal of dead trees and replacement with
better adapted species or non-forest systems; improving capabilities to

monitor for changes in forest growth and composition; and modifying pest and
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fire control strategies to reflect likely changés in the frequency and nature

of these disturbances.

2. Fisheries. The effects of global warming on fisheries depend
primarily on changes in regional climates and ocean circulation and on the
pace at which they occur. The qualitative effects of warming on fisheries are

u o _gqua ative economic a sis has our

owled ee e

a. Possible Impacts. The impacts of any significant change in
temperature on fish populations would vary across species. Some would
experience increased habitat and associated expansion of range. Adaptation
would be easier for fish in large bodies of water, including the oceans, than
for those constrained in small water bodies. Total productivity of fishing
grounds in the Great Lakes and oceans could increase. Under some scenarios,
phytoplankton and fishery productivity could increase in the Great Lakes by
1.6 to 2.7 fold, but there is the potential for a decrease in diversity due to
intensified species interactions. Climate change effects on the ocean are
particularly uncertain due to the complexities surrounding ocean circulation,
which until recently has not been explicitly considered in climate models,
heat uptake by the ocean, and future patterns of nutrient upwelling. One
study found that many Gulf Coast fish and shellfish would be unable to
tolerate much higher temperatures.

If there is rapid sea-level rise and resulting saltwater intrusion and
wetlands loss, changes in the distribution and size of many estuarine species
would be possible. Any losses of coastal wetlands would adversely affect
fish. Less salt-tolerant species would tend to migrate upstream towards
suitable habitat, ceding present habitats to more salt-tolerant species. In
lakes, streams, and estuaries, declines in water quality due to reduced
dissolved oxygen levels at the higher temperatures in some scenarios could

adversely affect many recreational species.

26




PRELIMINARY DRAFT OFFICIAL USE ONLY

In the tropics, species dependent upon coral reefs could experience
significant adverse effects. Coral reef ecosystems could be vulnerable both
to increased thermal stress and to sea-level rise, if it were rapid enough to

inundate and kill the coral species.

b. Adaptation. oth the need and the opportunity for planned adaptation
appears to be limited. Commercial fishing occurs primarily in the ocean,
where effects of possible climate changes are especially uncertain. Changes
in species location and composition could require some adjustments, but
commercial fisheries now make similar adjustments in response to overfishing
and the natural movement of species. Travel time to specific commercial
fisheries may rise or fall, and changes in available species may raise or
lower equipment cost. If equipment adjustments were made gradually, as

durable assets were replaced, their costs would be relatively small.

Management of water flow to lakes and streams could affect fish
populations in those water bodies. Restocking, which already plays an
important role in recreational fisheries, and new species introduction could
aid in adaption to climate change. Reducing water pollution could offset

adverse warming impacts on some species.

3. Water Resources. Even if an assumed rise regional temperature
is taken as given, it is difficult to predict the impacts of climate change on
water basins with much confidence because of uncertainties about regional
precipitation. The quantitative estimates that follow assume a u.s.
temperature increase of 5.4°F to 9°F and an annual precipitation increase of 1

to 3 inches.

a. Possible Impacts. Such higher temperatures would likely reduce
snowpacks by shortening the snow season and causing more precipitation to fall
as rain. This could have a significant effect on the operation of such water
systems as the Central Valley Project and the State Water System in
California. With no change in infrastructure, earlier snowmelt would raise

flood probabilities in the winter. Management response to this would reduce
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annual deliveries by 7 to 16 percent. Similar problems could be expected in

other Western water management systems.

Because of uncertainties about rainfall, it is hard to estimate the
direction of change in water supply in many regions. This is especially true
for rivers that are not fed by snowpacks, such as many rivers in the
Southeast. Higher temperatures could lower many lake and reservoir levels
through the effects of increased evaporation that was not offset by increased
rainfall. For example, the levels of the Great Lakes could fall by an average
of 0.5 to 2.5 meters, which could, among other things, reduce dilution
capacity. On the other side of the coin, the Great Lakes would benefit from a
longer shipping season and a reduction in water pollution due to reduced use

of salt and other chemicals to cope with ice and snow.

I1f adverse developments occur, future costs would be incurred. For
example, the future costs of building additional reservoirs for the California
systems could be over $500 million (undiscounted) and the costs of dredging
harbors and making other adjustments could cost $270 to $540 million
(undiscounted) along the Illinois shoreline alone. (Note that a $500 million
outlay required in 2020 could be financed from the proceeds of an investment
of only $116 million today, assuming a 5 percent real rate of return on

invested funds.)

The implications for water quality are mixed. Dissolved oxygen levels
could be lower because oxygen is less soluble in higher temperature water and
because higher temperatures may increase primary aquatic productivity, which
increases the demand for oxygen. Summer stratification could be lengthened in
some lakes, which, combined with higher demand for oxygen, would reduce
dissolved oxygen levels and harm aquatic life. These factors could lead to
lower water quality in some basins. However, reduced use of chemicals to cope
with ice and snow would contribute to improved water quality in some northern

areas.
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b. Adaptation. A number of measures could be taken to increase the
resiliency of water resources to climate change. Water conservation could be
promoted by reducing or eliminating subsidies for water use or allowing
trading of market rights. Water resource managers could be encouraged to
explore ways to transfer water between neighboring systems during droughts and
to consider plausible climate change in sizing new long-lived facilities. New
drought-resistant species could be developed to help cope with any water

shortages in agricultural areas.

4. Biodiversity. other effects of possible global warming include a

possible decline in biodiversity stemming from the loss or change of habitats

that result in the decline or loss of some animal and plant species. While
the relevant mechanisms can be described, their effects under different

climate change scenarios have not been estimated.

a. Possible Impacts. Changes in climate would harm some species but
benefit others. The ability of a natural community to adapt to changing
climatic conditions would depend on the rate and character of climate change,
the size of species ranges, the dispersal rates of individual species, and
whether or not barriers to migration are present. A species’ ability to adapt
to changing climatic conditions would be heavily influenced by dependencies

upon or competition with other species within the ecosystem. For this reason,

the impacts of climate change on natural communities are difficult to predict.

In general, communities near the edge of a species range and arctic
communities would be at particular risk from significant climate change, as
would species that migrate slowly, that are already threatened or endangered,
that are specialized to small and isolated environments (such as montane and
alpine communities) or that have narrow habitat requirements. In some cases,
man-made barriers may limit migration: examples include mammals isolated in

refuges and prairie species blocked by expansive agriculture.

b. Adaptation. Existing programs that focus on the protection of

endangered species and preservation of genetic diversity could be adjusted if
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the number of species at risk grows. Expansion:of reserves and creation of
migratory pathways between areas of suitable habitat could enhance our ability
to preserve species. It may be useful to develop forest management practices
that allow product extraction while minimizing any reductions in an area's
future use as wildlife habitat. Areas that may become suitable future habitat
for threatened and endangered species, such as lowland areas adjacent to

current wetlands, could be identified and considered for protection.

IV. MITIGATION: LIMITING GREENHOUSE GAS EMISSIONS

As indicated in Section II, the analysis of mitigation strategies must
consider emissions of multiple gases arising from many different economic
activities in many nations. The first subsection provides some basic
assumptions and principles about alternative policies for reducing greenhouse
emissions. Estimates of the costs of reducing emissions of each of the main
greenhouse gases are then discussed. e costs of reducing carbon dioxide and
chlorofluorocarbon emissions have received the most attention, FEstimates of
carbon dioxide abateme t costs rema elimina d controversia

Relatively little is known about the costs of reducing emissions of other
greenhouse gases. Major studies of mitigation policies area are underway
within the Federal government (in DOE, EPA, DOI, and OTA; a CBO study will
shortly be published), foreign governments (a major Japanese (MITI) study will
be completed by March 1), and in the private and non-profit sectors (work is
underway at EPRI, Harvard, MIT, and Stanford). A revision of this section
within a year or two from now could rely on a much deeper research base and

migh ave ent polic c o

A. Background

Two points are basic to any discussion of mitigation policies. First,
ob ction is essentia meaningf sults are to be obtained without

bringing economic growth to alt in some regions. Second, as in other
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regulatory arenas, ation po sho ' e costs b to_the

[o) ble ext o ce ves and b ovid exib

1. Global Action. Table IV.1l summarizes some key data from Section
II. Anthropogenic emissions of methane (CH,) and nitrous oxide (N,0) are
mainly agricultural in origin and are mainly produced by the developing

nations; S ea at globa tion, concentrating o riculture, would
be necessary if a decision were taken to control CH, and N,0 emissions. While

current CFC emissions are mainly produced by OECD member states (which have
already pledged significant reductions and are likely to commit to a near
total phaseout), CFC emissions of other nations are predicted to rise rapidly
in the future if no additional controls are put in place. Finally, while the
OECD nations are now the single largest source of anthropogenic carbon dioxide
(CO,) emissions, emissions of other nations, which already account for more
than half of total emissions, are expected to increase rapidly absent serious
mitigation efforts. The OECD share of CO, emissions is projected to fall
below 25 percent by 2050. k account of expected future emissions

atterns, the need for obal a o s evident for these gases as well.

Table IV.1
Anthropogenic Greenhouse Gas Emissions

Percentage Share ercentage Share of 1985 Emissions
of Radiative Forcing OECD USSR/East CP Asia/
Gas in the 1980s Nations Europe Developing
co, 49 43 22 35
CH, 19 25 13 66
CFCs 14 65 16 18
N,0 5 27 14 59
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Table IV.2 considers the effect on global-COz emissions in 2025 of the
unilateral adoption by the U.S. or by all OECD nations of four frequently-
discussed emission limitation targets: reduction of emissions growth by 50
percent, stabilizing emissions at 1985 levels by 2000, reducing emissions 20
percent below 1985 levels by 2005, and reducing emissions 50 percent below
1985 levels by 2025. Though the underlying global and regional emission
scenarios on which the calculation is based are necessarily uncertain, the
basic message of this table is fairly robust: even drastic reductions by all
OECD nations cannot prevent substantial increases in world CO, emissions by

2025. Unilateral actions by the U.S. have even smaller effects.

Table IV.2

Global Effects of Unilateral CO, Emission
Reductions by the United States or the OECD
(Index of Global Emissions: 1985=100)

Global CO, Emissions in 2025

cy Adopted b
___ Emissions Policy U.S, Only All OECD
None (Base Case) 207
Reduce Growth by 50% 203 198
Stabilize by 2000 203 198
Reduce 20% by 2005 194 182
Reduce 50% by 2025 188 169

Note: Based on RCW scenario in Lashof and Tirpak (1989), using 1985
emissions as the baseline.

Table IV.3 considers the implications of meeting the emission policy
targets of Table IV.2 on a global basis if nations outside the OECD take
actions that are significant but less than proportional to the targets. The

table shows that without full participation by other nations, the OECD member
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states would have to make dramatic or meossiblé cuts to meet widely-discussed

loba 0, emissions goa

Table IV.3

OECD CO, Emissions Reductions Required to Achieve Global Goals
When Other Nations Take Lesser Actions

Action Assumed Taken by Required
Global Goal USSR/E., Europe Developing Nations OECD Reduction
Cut Growth 50% Growth cut 25% None 98% by 2025
Cut Growth 50% Growth cut 25% Growth cut by 25% 33% by 2025
Stabilize by 2000 Growth cut 508 Growth cut by 25% 41% by 2000
Stabilize by 2000 Growth cut 50% Growth cut by 50% 29% by 2000
Cut 20% by 2005 Stabilize None Exceeds 100%
Cut 20% by 2005 Stabilize Stabilize 46% by 2005
Cut 50% by 2025 Cut 20% by 2025 None Exceeds 100%
Cut 50% by 2025 Cut 20% by 2025 Cut 20% by 2025 89% by 2025

Notes: Based on RCW scenario in Lashof and Tirpak (1989), using 1985
emissions as the baseline. Developing Nations include Centrally
Planned Asia.

2. Differential Impacts. while global action may be essential for

effective mitigation, differences in costs and benefits among nations may make
it difficult to obtain global agreement on specific policies. Table Iv.4
shows that CO, emissions per capita and per dollar of GNP vary substantially.
Among those countries for which GNP estimates are available, higher-income
nations tend to have higher emissions per capita but lower emissions per
dollar of GNP. The USSR and Eastern European countries have particularly high
emissions. These variations make it easy to imagine an international replay

of the "clean states v. dirty states" debates that have marked Congressional
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consideration of acid rain proposals. The stakes for oil-exporting nations
may be particularly ﬁigh (Whalley and Wigle, 1989).

The United States has a relatively high per capita CO, emissions rate
for two reasons. First, U.S. energy intensity (as measured by BTUs consumed
per constant dollar of GNP) is higher than that of most of our major
competitors. It is double that of Japan and 75 percent above than of Western
Europe. Second, coal provides about 27 percent of total U.S. energy
requirements. Among major industrial countries, this share is exceeded only
by the U.K. (32 percent) and West Germany (29 percent). The United States

also relies less heavily on nuclear power than do many other industrialized

countries.
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Table IV.4
€O, Emissions Per Capita and Per Dollar of GNP, 1986

Per Capita Per Dollar of GNP
(tonnes of Carbon (kilograms of
Country per capita) Carbon per dollar)
United States 5.005 0.28
Canada 4.094 0.29
Japan 2.109 0.16
West Germany 3.066 0,25
Australia 3.853 0.32
France 1.794 0.17
United Kingdom 2.938 0.33
Italy : 1.655 0.19
Spain 1.284 0.26
Poland 3.321 1.60
Mexico 0.909 0.49
South Africa 2.785 1.51
Brazil 0.379 0.21
China 0.527 1.76
India 0.187 0.64
East Germany 5.499 n.a
Czechoslovakia 4.212 n.a
USSR 3.593 n.a
Romania 2.408 n.a

Notes: From Department of Energy and World Bank Development Report, 1988.
Top set of countries listed from highest to lowest GNP per capita.
Includes emissions from fossil fuel combustion and cement production
only. "n.a." means GNP not available in the sources employed.

Because the United States relies heavily on coal, the fossil fuel with
the highest amount of carbon per unit of energy, for electricity generation,
U.S. electricity rates would be likely to rise more than those in other
industrialized countries if concerted action were taken--for example, by
imposing the same charge on the carbon content of fossil fuel--to curb CO,

emissions. Unless energy-intensive U.S. industries were able to greatly
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increase their energy efficiency, they could be disadvantaged relative to
major foreign competitors who would be less affected by electricity rate
increases.

In addition, because the United States has an abundance of coal
reserves, but only limited reserves of oil and gas, and very little
undeveloped economical hydroelectric potential, limits on coal use would
likely result in larger imports of oil and gas, which will have implications
for our balance of trade or energy security. All of this presents a marked
contrast to the 1973 and 1979 oil shocks, where our greater self-sufficiency
in energy provided an advantage relative to most other industrialized nations.
On the other hand, some argue that in the longer run, our more energy-
efficient competitors will find it harder to reduce emissions, since they have

already undertaken cheap efficiency measures that we have not.

Since adaptation costs are likely to vary substantially among nations,
so may interest in investing in mitigation. Existing models suggest greater
warming in high northern latitudes, and less warming in latitudes where most
developing nations are located. There is likely to be considerable regional
variation in agricultural effects. Nations differ substantially in their
vulnerability to sea-level rise. A higher share of GNP originates in climate-
sensitive activities in developing nations, but these nationms generally lack
resources for adaptation. In short, while global action is essential to
sipnificantly limit greenhouse emissions, differences amon nations may make
it difficult to find universally acceptable emissions targets or ways of
sharing the costs involved.

3. Incentives and Market Failures. consistent with its approach
to domestic regulatory issues, this Adnministration feels that an approach to
limiting net anthropogenic greenhouse emissions that encompasses all important

reenhouse gases and gas sinks as well as s sources is more promising than
one that considers each source of greenhouse gases individually. An
international limitation agreement based on the comprehensive approach, for

example, would allow each nation to devise a strategy that reflects its own
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situation regarding opportunities for emissions reduction and sink
enhancement. The Administration also feels that any set of nations should be
free at an me to develop a joint strategy to meet the ooled ceilings, as
long as net global emissions are not thereb creased. An approach

incorporating these principles was outlined in a U.S. concept paper tabled at

the IPCC.

Even if a comprehensive approach with provision for pooling were
accepted, opinions are divided on how individual nations--in particular the
United States--should set domestic policy to meet net emission limitation

targets. dministration regulato olicy penerally holds that prima

reliance should be placed on incentive-based approaches--including charges,
user fees, and tradable emissions rights. This view follows from the

presumption that households and firms generally respond rationally to
incentives, so that regulatory goals are met at least cost by providing proper
incentives and maximal flexibility to respond at all points along the

production-consumption chain.

A second school of thought tends nonetheless to favor the use of
efficiency standards and other cgmmang-and-ggngggl techniques. Adherents of

this school point to apparent widespread deviations from best practice in
energy use and to reports of large payoffs from utility conservation programs
as indicating market failure. They contend that government regulation can
reduce CO, emissions, in particular, at low or even negative cost by helping

or forcing individuals to take actions that are, in fact, in their own self-

interest.
arket failures do no se ovide a oma ust cat
or direct re ation arket failures, where they e t. can be addressed

directly, For example, since utility profits under traditional State rate
regulation are often linked directly to the level of electricity sales, a
utility faced with capacity constraints would usually prefer to increase

supply rather than reduce demand. Regulatory changes at the State level could
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be made to place the alternatives of demand reduction and supply augmentation
on a more even footing. Public information programs, promotion of efficient
appliances by utilities, and changes in mortgage qualification rules to
reflect appliance operating costs are other steps that could be used to deal

with market failures directly.

strat ¢ e a iloso eco es that e cienc
standards and other command-and-control regulations have several significant

disadvantages relative to incentive-based systems or approaches that address
perceived market failures directly. First, the burden of meeting standards
cannot be reallocated across industries or across the different greenhouse
gases in private cost-saving transactions. Second, in the absence of price
increases for fossil fuels, standards can increase the demand for energy-using
services. Finally, standards reduce the range of products available to meet

diverse consumer needs.

e costs © ciency standards are often hidden rather than ex L.
For example, a higher average fuel economy standard might be met by forcing
consumers to buy only the more fuel efficient and generally cheaper vehicles
in the existing product line, actually reducing their purchase and gasoline
costs. However, out-of-pocket costs do not reflect costs imposed on consumers
by denying them the option to purchase other valued attributes such as safety,
performance and spaciousness. Higher fuel efficiency without higher fuel
prices also lowers the per mile cost of driving, encouraging additional trips,
fuel consumption and emissions. Since fuel economy labels already provide
good information to auto purchasers, and there are few apparent institutional
rigidities in this market, the economic rationale for stringent vehicle
efficiency standards is doubtful at best.

More generally, assertions that efficiency improvements are cost saving
or nearly costless raise the classic question of why these improvements are
not automatically taking place. Such assertions must be examined to see if
the claimed efficiency gains involve tradeoffs with other product attributes

that were excluded from the analysis.
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Efficiency standards based on national average values may actually serve
to restrict the choices of only those consumers who face low energy prices or
have low usage rates (and thus energy consumption) for the product. Those
with high usage rates or those who face high energy prices would purchase high
efficiency products even in the absence of mandatory standards. Taking this
self-selection into consideration, an efficiency standard that appears to save

money on the national level may actually impose costs on many consumers.

Economic models populated by perfectly rational firms and households
participating in perfect markets that are always in equilibrium clearly do not
provide a fully realistic characterization of the U.S. economy. But the
alternative extreme assumption, of widespread private waste easily corrected
by regulation but untouchable by market incentives or direct correction of
market failures, seems at least as far off the mark. The question of where
truth lies between these extremes is ultimately empirical, and it cannot be

answered here.

It is important, however, to point out that essentially all analysts of
agree that some reductions eenhouse gas emissions can be obtained at low
cost. Disagreements focus on how fast the marginal cost of abatement rises

and on how the initial, low-cost reductions can best be obtained.

B. Carbon Dioxide

Carbon Dioxide (CO,) accounted for about 49 percent of the increase in
radiative forcing in the 1980s and is expected to account for a larger share
in the future. The Administration’s acid rain proposals, by providing
incentives to conserve electricity, will reduce CO, emissions from electric
utilities by around 2 percent--and will thus reduce total U.S. fossil fuel CO,
emissions by around 0.7 percent. The higher CAFE standards adopted last

spring will be likely to slow the increase in CO, emissions from automobiles.
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Below, we begin by considering the estimated costs of CO, emissions
reductions produced by economy-wide models. These models generally assume
that markets work well, so that incentive-based approaches minimize the costs .
of emission reduction. We then consider analyses of the ability of regulatory
initiatives to reduce emissions. These analyses tend to be sector-specific
and focus on market or policy failures. The final two subsections focus on

the potential of new technologies and of forestation policies.

1. Economy-Wide Analyses of Emissions Limitation Costs.
Several recent studies, and work now in progress on which we have been
briefed, attempt to estimate the costs of efficient reductions in CO,
emissions levels, using three distinct economy-wide modeling frameworks.

economic balance analysis focuses on the long-term relationship between
energy use and output, without explicit consideration of substitution
possibilities within the energy sector or the economy as a whole. Energy

olicy mod also focus on the long run but explicitly incorporate

substitution possibilities among fuels and the responsiveness of overall
energy demand to changes in energy prices and income levels. These models
often incorporate a crude feedback from energy to GNP, but the main causality
runs from the economy to the energy sector rather than vice versa. Energy-

economic models, which exist in both short- and long-term variants, attempt to

incorporate a fuller two-way link between the energy sector and the economy at
large, but they tend to include less detailed treatment of energy production
and consumption. While all of these approaches have clear weaknesses that
point up the need for further research and the development of more
comprehensive models, each provides some useful information, and all are

considered here.

Costs are estimated in models of the latter two varieties by comparing
economies with and without emissions reductions. Assumptions about emissions

rowth the no-policy baseline case va wide and contribute to the

diversity of results obtained. Assumed annual growth rates in CO, emissions
through 2050 vary from 0.61 percent (Edmonds, et al., 1986) to 2.27 percent
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(Edmonds and Reilly, 1983). Even small differences in baseline annual
emissions growth rates (BAEGRs) can have a major effect on levels of emissions
over the long time intervals considered in global climate analysis. For
example, an increase of average annual emissions growth from 0.6 percent to
1.6 percent translates into a 43 percent increase in annual emissions levels
by 2050. Higher BAEGRs translate into higher, sometimes much higher, costs of

meeting particular target emissions levels.

For high BAEGRs, even quite draconian policies do not significantly
shift the date at which atmospheric CO, concentrations double from
preindustrial values. For lower BAEGRs, policies to stabilize emissions
appear to be more feasible. The different scenarios evaluated in the models
considered below are best thought of as illustrative scenarios--possible sets
of internally consistent future developments--rather than as definitive

forecasts.

While the studies discussed below differ in many respects, and their

shortcomings point up the need for further economic research, they all suggest

that the costs of stabilization or reduction of CO, emissions will be high--at
least 1 percent of GNP per year for commonly discussed goals such as the
jndefinite stabilization of emissions between 80 and 100 percent o resent

levels One percent of current world GNP is about $150 billion; if world GNP

grows at an average annual rate of 3 percent, the total cost to 2050

(discounted at 5 percent) of 1 percent of GNP per year would come to about
5 tril economic growth is jficantly slowed osts could be

much higher.

a. Energy/Economic Balance Analysis. Kaya (1989) and Kaya, et al.
(1989) work from the following identity:
Growth rate of CO, emissions =
growth rate of CO, emissions per unit of energy use

+ growth rate of energy use per unit of output
+ growth rate of output
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A -1.0 percent growth rate of energy use per unit of output is assumed, along
with a growth rate of CO, per unit of energy use of ,between -0.4 and -1.0
percent. The former estimate may be viewed as somewhat pessimistic,
especially if a substantial rise in energy prices occurs. The latter estimate
is rather optimistic given the likelihood of increasing reliance on coal and
coal-based synthetic fuels that are highly carbon intensive.

Under these assumptions, a CO, emissions growth rate of -1.0 percent,
which is necessary to implement a 20 percent cut in emissions by 2005, is
associated with world output growth of 0.4 to 1.0 percent per year. Over the

last several decades, output has grown at &4 to 5 percent annually, and

population has grown at a 2 percent rate. Thus these calculations call for a
drop in output growth of 3 to 4 percentage points per year, leading to an
almost certain decline in per capita income.

Even if CO, limitations reduced output growth by only 1 percentage point
(i.e., from 3 percent to 2 percent), the long-run effect on the world economy
would be staggering. The cumulative cost from now to 2050 (using a 5 percent
discount rate) would be $107 trillion dollars--just over 7 times world output
in 1987. This reduction in growth would depress output in 2050 by about 45

percent.

On the other hand, experience following the 1973 and 1979 oil shocks
indicates that the relationship between economic growth and energy use may be
less rigid than Kaya's framework suggests. Between 1973 and 1985, the price
of energy rose by 47 percent relative to non-energy products at the consumer
level and by 80 percent at the industrial level. Partly as a consequence, the
ratio of energy use to real GNP fell by 2.4 percent annually in the United
States and 1.9 percent annually in the OECD countries. CO, per unit of energy
also fell during this period, as usage of natural gas and nuclear power

increased rapidly, and : and OECD CO, emissions were essential constant

between 1973 and 1985.
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This was not a period of economic boom, however; growth rates of U.S.
output and productivity over the 1973-85 period, 2.3 percent and 1.0 percent
respectively, were far below the corresponding rates of 3.7 percent and 2.9
percent for the 1948-73 pre-shock period. While most of the slowdown in
growth can be attributed to other factors, higher energy prices played an
important role. The rise in energy prices led to a substitution of other
inputs for energy and a diversion of investment that might otherwise have been

used to increase labor productivity.

Moreover, part of the decline in the energy/GNP ratio during 1973-85
reflects the increased relative importance of the service sector. One cannot
count on comparable increases in the future, especially as the United States
moves from being a large net importer of manufactured products to a large net
exporter in order to balance its current account and repay international

borrowing.

While the use of natural gas could continue to expand in the near term,
the absence of nuclear projects in the pipeline and current strong public
resistance to this form of power in the United States suggest it will be
harder to substitute nuclear for fossil energy in the future than in the 1973-
85 period. On the other hand, many have argued that macroeconomic policies
and energy regulation contributed significantly to the poor economic
performance of that period, and one can hope that similar policies will not be
adopted in the future. Moreover, revenues from a carbon charge (discussed
below) could be used to lower other taxes, while much of the increased

spending on oil in the 1973-85 period flowed abroad.

Despite these caveats, the period of the oi hocks ovides a usefu

reference for consideration of the likely impact of CO, emission reduction

policies on output and productivity growth. Energy remains a major input to
the U.S. economy, and studies discussed below suggest that energy price

increases at least as large as those experienced between 1973 and 1985 would

be required to achieve widely-discussed targets for CO, emissions reduction.
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e is no reason to believe t atte o _Ie ner

us od would be substantia es a dis tive

than were the oil shocks of the 1970s.

b. Long-Term Energy and Energy-Economic Policy Models. These models
allow for explicit analysis of policies that raise the price of fossil fuels
to discourage their use. The most natural (and easily analyzed) policies of

this sort involve imposition of a carbon charge.

A carbon charge levied on the carbon content of primary fossil fuels at
their first sale or entry into the distribution system would provide an
administratively simple means of reflecting the social undesirability of
greenhouse emissions in fossil fuel prices. Because end users cannot
significantly alter the relationship between fuel carbon content and CO,
emissions, and an economical carbon scrubbing technology is not anticipated in
the near future, there is no efficiency advantage in applying the charge to
end users. Sellers in long-term energy contracts (especially coal contracts)
should not be forced to absorb the charge to fulfill their existing contracts.
This problem can be avoided by imposing the charge on the buyer in the first
transaction. Depending on other nations’ mitigation actions, coal destined
for export might be exempted from the charge, and a refundable credit for
petrochemical and other uses of fossil fuels that sequester verifiable amounts
of carbon could be considered. In principle, imports of electricity generated
from fossil fuels should pay a charge based on the carbon content of the input
fuel, though this could conflict with our free trade agreement with Canada.

Unlike an ordinary tax, which distorts private decisions such as the
choice between work and leisure, an appropriate carbon charge can actually
improve resource allocation and raise welfare by closing the gap between the
private and social costs of carbon-emitting activities. A carbon charge would
affect decisions ranging from the choice among alternative technologies for
generating electricity, to the energy efficiency of cars, buildings, and

industrial equipment, to the demand for automobile travel and products made
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from steel. Because a carbon charge provides incentives that affect decisions
at all points along the production-consumption chain and across all
industries, it automatically focuses on those activities where CO, emissions
reductions can be achieved at least cost. The least-cost property of charges
when markets work well is useful in placing a lower bound on the economic
implications of particular greenhouse gas emissions targets, even if other
tools would actually be used for implementation. A carbon charge does not, of
course, provide the full flexibility and efficiency of a comprehensive charge

system applied across all greenhouse gas sources and sinks.

Existing economy-wide studies generally imply that carbon charges on the
order of $100 per ton or more would be needed to have a significant effect on

carbon dioxide emissions. At current prices, and not allowing for fuel market
responses, a carbon charge of $100 per metric ton would increase the average
price of coal delivered to electric utilities by 178 percent, the average
price of natural gas by 49 percent, and the average price of oil by 70
percent. These impacts are comparable on average to the energy price
increases caused by the oil price shocks of the 1970s. Electricity rates
would immediately rise by up to 30 percent, 15 times the average increase that

would be produced by the Administration’s controversial acid rain proposals.

Nordhaus (1989) provides an explicit (albeit necessarily crude) analysis
of the costs and benefits of reductions in greenhouse gas emissions. His
highly uncertain point estimate of the future costs of warming, based on
selected EPA estimates of its effects on sea level, electricity demand, and
agricultural productivity is 0.25 percent of future GNP. Even this small
impact is sufficient to justify low cost measures, such as significant
curtailment of CFCs and a small $3 per ton carbon charge. At the high end the
range of effects that is likely to contain the true effect (anywhere from a
benefit of 1.75 percent of GNP to a cost of 2.25 percent of GNP), a carbon
charge of as much as $40 per ton might be justifiable. This analysis suggests
that if carbon charges are found desirable in principle, serious consideration

should be ven to using charges substantial ower than those employed in
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QQJMQ_QM- Once a carbon charge system is in

place, the rate can be relatively easily raised--or lowered--as scientific and

economic uncertainties are resolved in the future.

Manne and Richels (1989) simulate policies capable of stabilizing U.S.
CO, emissions at their 1990 level through 2000 and then reducing them to 80
percent of this level by 2020. Their policy is a charge that begins at $29
per ton of carbon but rises sharply after the year 2000 before stabilizing'at
$250 per ton by the middle of the century. Initially, the emissions limit is
met by fuel switching from coal to natural gas. Natural gas, which accounted
for 12 percent of electricity generation in 1985, accounts for 27 percent by
2010. The rapid run-up in charge rates after 2000 reflects the difficulty of
securing a 20 percent emissions reduction by 2020 in the face of exhaustion of
natural gas supplies and prior to the large scale deployment of advanced
technology alternatives to fossil fuels. Costs build to about 5 percent of
GNP by 2030 and maintain that value through 2100.

However, the costs of meeting the emissions target are significantly
reduced if the BAEGR turns out to be lower than the 1.7 percent they assume.
For example, a 1 percent autonomous (not linked to prices) improvement in
energy efficiency reduces losses to about 3 percent of GNP. The further
addition of an optimistic forecast of future energy technology lowers

estimated losses to a little more than 1 percent of GNP.

In an early paper, Edmonds and Reilly (1983) use an energy policy model
to consider the application of carbon charges in the United States alone and
to the entire world. These cases may be viewed as bracketing the outcomes
under an international agreement with special provisions for developing
countries and/or incomplete participation. The application of stiff carbon
fees throughout the world (100 percent change on coal, 78 percent on oil, 56
percent for natural gas, and 115 percent for synfuels, roughly reflecting the
different carbon content of the different fuels) beginning in 1985 is found to

reduce global carbon emissions by 40 percent from base case levels by 2050.
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However, given the high BAEGR employed (2.27 petcent) global CO, emissions are
still three times the current level in 2050. A fee program in the United
States alone is much less effective, reducing 2050 global emissions by only 15

percent. Carbon charges in the United States alone depress the world market

c 0 S els eading to an crease 0SS ener use_overseas
sets the greenhouse benefit edu ene demand
and fuel switching in the United States.

In subsequent work, Edmonds (1989), Reilly and Edmonds (1985), Reilly, et
al. (1987), and others have used the same model with a lower BAEGR. Cline
(1989) finds that a somewhat higher global charge (approximately $100 per ton
of carbon) than that considered in the original Edmonds-Reilly paper is
sufficient to stabilize CO, emissions at or slightly below current levels in
the second half of the 21lst century with a 0.95 percent world BAEGR. The
Congressional Budget Office (CBO) analysis of carbon charges (Montgomery,
1989, in progress) presents runs with a 1.2 percent U.S. BAEGR and a 2.0
percent world BAEGR. In these runs, a global $100 per ton carbon charge cuts
a baseline tripling of CO, emissions by 2050 to a doubling. The difference
between these results and Cline’'s highlights the importance of the BAEGR in
driving the results regarding effectiveness of taxes in meeting target

emissions.

Some general observations apply to all runs of this model. First, while
some substitution among primary energy sources does occur, the primary
mechanism for cutting emissions is a reduction in overall energy use. Second,
the burden of greenhouse policy always falls heavily on the coal sector and on
net exporters of fossil fuels (and, by implication, energy-intensive
products). For example, in Cline’'s rums, coal use increases between 2000 and
2050 in the baseline case but falls by more than 2/3 when the global charge is
applied. Third, while global policies are clearly preferable in CO,
limitation terms, they are likely to put much more pressure on the world
savings-investment balance. Crowding out of other productive investment

becomes a larger problem as more countries attempt to increase investment in
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energy efficiency at the same time. Indeed, for developing countries with
limited access to capital markets, concern over crowding out could pose a
serious barrier to any participation in CO, limitation efforts. Finally, the
Edmonds-Reilly model is not useful for estimating the effects of greenhouse
policy on GNP, since the role of energy in the production function and

tradeoffs between energy and nonenergy investment are not explicitly modeled.

Work in progress at the CBO will also report on rums of the Jorgensen
general equilibrium model with a unilateral $100 per ton carbon charge imposed
in 2000 (Montgomery, 1989). This policy is estimated to reduce real GNP by 1
percent. The Jorgensen model essentially involves a "de novo" solution that
does not take into account constraints imposed by current fixed assets and
labor force skills on the composition of the economy 10 years from now. The
Jorgensen model solution entails radical shifts in the composition of
electricity supply and large interindustry shifts in the composition of the
economy. Sectors such as textiles, agriculture, and leather grow, while

chemicals, mining, and plastics decline.

Because Jorgensen's'model describes an economy in 2000 that is very
different from today's economy and because adjustments involve costs, such
radical shifts are unlikely to occur over this time interval. Such shifts
would necessarily entail significant dislocations. Because of these
adjustment costs, actual structu changes and thus actual emissions

reductions. would likely be lower than these esults indicate lternativel

much higher economic costs, including significant labor force dislocations and

sha eductions in t value of exist mmobile assets, would be required

to achieve the level of emissions reduction obtained in the Jorgensen model
solution.

The sectoral shifts envisioned by Jorgensen would nonetheless occur over
time if significant policies to discourage CO, emissions were adopted. These
large distributional effects are thus a reminder that the aggregate economic
effects of CO, emissions reduction policies, variously estimated at between 1
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| and 5 percent of GNP for carbon charges in the $100 per ton range, would not

be felt eve oughout the economy.

c. Short-Run Economic/Energy Models. A recent detailed analysis
considered the cost to Australia of achieving a 20 percent reduction in CO2
emissions by 2005 (Marks, et al., 1989). 1In some respects, such as the
significant use of coal in electricity generation, the Australian situation is
similar to that of the United States. Using very conservative methodology,
attainment of a 20 percent emission reduction is estimated to slow economic
growth and cause GNP in 2005 to be at least 1.2 percent below the no-policy
baseline GNP levels. Since Australia is a small economy with an open capital

market, the investments needed to achieve the emissions target may be possible

without driving up interest rates or crowding out other investment.

Short-run economic modeling for the U.S. economy shows that a carbon
charge of $100 per ton would have a significant effect on both CO, emissions
and economic growth rates (Montgomery, 1989). One widely-used
macroeconometric model shows a maximum depression of 2 percent in real GNP
from baseline levels over the next decade; another shows a maximum effect of 6
percent. Maximum effects on the overall price level range between 2 and 4
percent. At 1988 energy consumption levels, a charge of this magnitude would
raise approximately $130 billion annually. However, additional debt service

costs and higher federal expenditures for cyclically sensitive programs would

almost fully offset this additional revenue in the near term. Reductions in
other taxes could reduce but not eliminate these macroeconomic effects, but
would also lose some of the CO, reduction benefits associated with a weaker

economy .

d. Energy Sector Impacts. Because coal is at the same time this
country’s (and the world’s) most abundant fossil fuel, as well as the fossil
fuel with the highest carbon emissions per unit of energy, it is impossible to

construct a ausible scenario for substantial CO, emissions reduction without

a major adverse impact on the coal industry.
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The Department of Energy provided some rough calculations of possible
impacts. They find halving CO, emissions growth could produce a 25 percent
decline in coal industry employment (relative to baseline assumptions) by
2025, while stabilizing emissions could require a 40 percent decline over this
35-year period. Global commitment to a 20 percent emissions cut could lower
employment by about half; unilateral OECD commitment to this global goal would
eliminate the U.S. coal industry, as would global or OECD-only commitment to a

50 percent reduction in CO, emissions.

It is important to recognize, however, that elimination of coal-mining

obs gradua over time does not necessar mply increased general
unemployment, in the case of an expanding economy though there may be
persistent regional problems. A shift to other energy sources would create
jobs. In the short run, jobs will likely be created in the natural gas
industry. In the longer run, three regional studies of biomass energy use
sponsored by the Department of Energy’s Regional Biomass Energy Program
(Council of Great Lakes Governors, 1985; Chamberlin and High (1986); Tennessee
Valley Authority, 1989) suggest that a shift from fossil to biomass energy
would on balance create jobs. Similarly, a study conducted for the California
Energy Commission (1986b) suggests that renewable energy technologies are

generally more labor-intensive than oil and gas.

2. Regulatory Adjustments. There are a number of reasons why total
U.S. investment in energy-efficiency may be suboptimal. First, many costs

associated with the production, transportation, and conversion of fuels--
including air and water pollution, storage of nuclear wastes, and reduced
energy security--are not fully reflected in retail prices for fuels and
electricity. Second, electricity prices tend to be based on average cost
rather than on marginal cost, which is often higher. Third, it is often
difficult for buyers to acquire or analyze information on available energy
efficiency options. It has been argued that this difficulty leads industrial
buyers to ignore energy use implications of relatively small purchases--such

as lighting. Similarly, since it is difficult to estimate future utility
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bills, it has been argued that builders and homeowners tend to focus
excessively on the initial capital costs of appliances and space heating
systems, rather than on discounted lifecycle costs. At least one often-cited
econometric study (Hausman, 1979) finds that, consistent with this hypotheses,
consumers act as if they have abnormally high discount rates when making

appliance purchase decisions.

Based on these and related arguments, and on studies that suggest that
cost-effective conservation could reduce U.S. energy use by 20 percent or more
(Pirkey and Scheer, 1988), many analysts have called for a variety of
regulatory initiatives to increase the efficiency of energy use and, thereby,

to reduce CO, emissions.

a. Reform of Electric Utility Ratemaking. It must be understood at the
outset that average cost is not always below marginal cost and that
electricity prices are not always set by simply averaging costs. The prospect
of self-generation by some large industrial customers, in particular, may

serve to keep industrial prices near marginal cost.

The literature on this issue is thin, but a recent study by Wenders
(1986) provides an instructive empirical analysis of electricity prices
charged by 5 major utilities throughout the United States. Using 1980 and

1981 data, he finds that prices were on average below marginal cost, but the

- pattern of deviations from marginal cost was complex. Prices were above

(long-run) marginal cost in peak periods and below marginal cost otherwise;
residential prices were below marginal cost, while some utilities charged

commercial and industrial customers prices above marginal cost.

This complexity, the likelihood that price elasticities vary by customer
class and between peak and off-peak periods, and the variability of rate
structures within Wenders' small sample suggests that the elimination of
electricity pricing distortions would be as likely to yield increases in
consumption and emissions as decreases--though such reform would on balance

improve resource allocation.
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b. Utility Demand-Side Management. Ma analysts have called for refo

of electric and gas utility regulation to give utilities incentives to remove
mpedi ts to efficient vestments ener conservation. The basic

rationale is that existing regulation discourages utilities from promoting
energy efficiency, because lower demand generally reduces earnings, and that
there are information-related entry barriers to third-party providers of
"energy services” (Moskovitz, 1988). Two approaches to reform have been

widely discussed.

The first approach is to permit utilities to increase their earnings by
making cost-effective investments in conservation--even if those investments
are on their customers premises. Programs of this sort are newly in place or
under development for 8 New England electric utilities, which account for
about 75 percent of the region’s power demand (Foy, 1989). A key feature of
these efforts is close attention to evaluation and monitoring; this should
result in a rapid accumulation of useful data. Based on preliminary
experience, the Conservation Law Foundation estimates that programs of this
sort could reduce annual U.S. anthropogenic CO, emissions by between 0.7 and

0.8 percent (Foy 1989, 1990).

A second, complementary approach is to integrate conservation into the
competitive bidding process for meeting new electricity supply requirements,
which has been adopted in 18 states and is under active consideration in at
least 15 more. Cicchetti and Hogan (1989) describe an economically-efficient
approach to doing this. The beginnings of such a comprehensive program can be
found in such diverse states such as Maine, Massachusetts, New York,
California, and Wisconsin. Bidding selection criteria could also include
environmental externalities to allow environmentally clean projects to compete
favorably with lower cost but less environmentally attractive proposals. A
step in this direction has recently been taken in the New York State Energy
Plan (1989).
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While the desirability of regulatory changes of these sorts is apparent,

estimates of potential achievable savings of electricity range from 4 percent

to 75 percent. Industry sources such as the Electric Power Research Institute
(1989) estimate potential savings of 20 percent between 1977 and 2010. The
uncertainty surrounding these estimates is evident from the size of the range.
According to the Northwest Power Planning Council, which has extensive
experience in demand-side efforts, hard quantifiable experiences is "extremely
limited.” The New England efforts discussed above may remedy this in a few

years.

c. Research and Information. During the past 8 years, DOE's R&D budgets
for end-user energy efficiency improvements have declined significantly.
DOE’'s 1989 conservation budget in constant dollars is less than a third of its
1980 level. However, DOE's budget for supply efficiency has increased. As a
proportion of the total national energy R&D budget (including expenditures by
DOE, NRC, EPRI, and GRI), energy efficiency accounts for only 9 percent.
Expanded funding would permit DOE to work more closely with industry to
demonstrate new energy-efficient technologies, assess the long-term
performance (durability) of energy-efficient technologies, and revive research
on the patterns and determinants of energy-related decision making and the

barriers to adoption of energy-efficiency actions.

Similarly funding for DOE programs that provide financial and technical
assistance to states has decreased by 2/3 in recent years. (These programs

include the State Energy Conservation Program, the Energy Extension Service,
and a small Least-Cost Utility Planning Program.) There are a number of areas
where DOE could sponsor demonstration of energy-efficient equipment and work
with trade associations to encourage dealers to stock energy-efficient systems

and building managers to install them.

d. Building and Appliance Standards. Experience with energy-efficiency
standards throughout the country (especially in California and the Pacific
Northwest) shows that they can reduce energy consumption, and thus CO,
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emissions. For example, California’s Title 24 building standards cut
statewide electricity use by almost 2 percent in 1985 and are expected to cut
electricity use by more than 6 percent in 2007 (California Energy Commission
1988). If imposition of Federal standards is deemed inappropriate, DOE could
assist state and local governments on code development and training and could
assist builders on design and construction techniques aimed at cost-effective
conservation. These and related objectives would be furthered by increasing
DOE’'s budget for building standards and guidelines, currently only $700,000 a

year.

The National Appliance Energy Conservation Act of 1987 (U.S. Congress
1987) requires DOE to review appliance efficiency standards on a regular basis
and to promulgate more stringent standards where technically and economically
feasible. As noted above, the Administration generally prefers incentives or
direct correction of market failures to the imposition of command-and-control
standards. The pace of the statutorily required review could nonetheless be
accelerated. DOE could also review the feasibility of expanding efficiency

standards to other products, including incandescent and fluorescent lamps.

e. Transportation. The corporate average fuel economy (CAFE) law was
enacted in 1975 and established a fleet-average goal of 27.5 mpg for 1985 and
beyond. That goal has been achieved, and the average fuel economy of the new
car fleet has been quite stable at around 28 mpg for several years. Increases
in fuel economy have produced essentially proportional reductions in CO,
emissions per vehicle mile. The CAFE program is controversial and was opposed
by the previous Administration, though the standard was increased by this
Administration in the spring of 1989.

the creases FE standard eas e and would e
reduce CO, emissions: estimates of the costs of such increases are
controversial. It seems clear that widespread use of currently-available and
likely future technologies would permit increases in the average fuel economy

of the new car fleet without reducing performance below recent levels. The
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Office of Technology Assessment (OTA; Plotkin, 1989) considers standards in
the 32-33 mpg range for model year 1995 to be feasible in this sense. The
Department of Energy (Stuntz, 1989) point to a 29-31 mpg range for that year,
and 36 mpg by 2000. The OTA estimates that by 2010 a 33 mpg standard would
reduce U.S. fossil fuel CO, emissions by 0.5 percent (and world emissions by
0.1 percent) and U.S. fuel use by 5 percent. O0il imports would also be cut.

The difficulty of assessing the costs and benefits of increases in the
CAFE standard was discussed in Section IV.A.3, above. Benefits will be
reduced if higher prices than would otherwise obtain reduce new car sales and
thus slow the improvement in fleet-average economy. Benefits will also be
reduced if lower per-mile costs lead to more miles per car. Cost analysis
must also consider impacts on diverse consumers, not just on national
averages, and must take into account performance improvements foregone as well
as the reductions in safety and spaciousness that could occur if manufacturers
meet higher standards in part by downsizing. Since fuel economy labels
provide good informationm, it is not clear that CAFE standards would remedy any
market failure that could not be addressed more efficiently by employing a

carbon charge or gasoline tax.

f. Agricultural Policy. number o anges in agricultur ograms
that would have other benefits can be expected to assist in reducing emissions
of greenhouse gases. These include reducing commodity price support levels,
encouraging additional tree planting, and conservation cross compliance.

This and the preceding Administration have sought to reduce price support
levels for program crops in order to increase the efficiency of resource use
within the agricultural sector. Reducing agricultural subsidies will tend to
reduce total crop acreage and change the mix of crops grown. Corn and wheat,
the two most widely grown program crops, account for 57 percent of nitrogen
fertilizers used. As is discussed in Section IV.E, below, the use of these
fertilizers is associated with emissions of nitrous oxide (N,0), a potent

greenhouse gas. Reducing income support can be expected to reduce the acreage
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devoted to corn and wheat and, possibly, to increase the acreage devoted to
soybeans, which fix their own nitrogen from the air. 1In addition, reducing
income support is likely to reduce per-acre use of all inputs, including

nitrogen fertilizers (Miranowski et al.).

Reducing agricultural support prices should also slow the rate of
conversion of forest and woodlands to cropland. It should also encourage the
conversion of marginal cropland into forestland, particularly in areas where
commercial forestry opportunities exist. This could result in a significant
increase in CO, removal from the atmosphere. The key point is that less

support would ow_farme to respond to marke hanges duced by climate
change.

Cross compliance (Conservation Compliance) requires farmers who cultivate
highly erodible land to have a Soil Conservation Service approved conservation
plan by 1990 and to have it fully implemented by 1995. These plans for the
most part require the use of conservation tillage, which reduces mechanical
soil preparation and mechanical cultivation. Consequently, it reduces the
number of tractor passes through the field and the total tractor operating
hours per acre. This should result in a significant reduction in CO, and N,0
emissions. But it also could mean increased use of herbicides and pesticides,

leading to other potential problems.

3. New TechnologieS. This section considers the role of advanced
technology in reducing CO, emissions in the electric generation and energy
end-use sectors. Of particular interest is how much can be gained by broader
use of currently available technologies that enjoy only limited commercial use
because they are new and/or expensive, as well as advanced technologies that
only require modest additional development for widespread application. While
new_technologies offe ficant CO, emissions reduction potential after

000, there o _simple "technologica " to this problem. Regulatory

barriers may affect the economics and introduction of some technologies.

\
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At any given time, a combination of technological, behavioral, market,
regulatory, and macroeconomic factors interact to determine patterns of energy
use, the introduction of new technologies into widespread acceptance, and the
further deployment of technologies already in use. Even in the analysis of
high-quality historical data, it is difficult to identify the portion of
actual energy use that is due to any single causal factor, including new

technology. Thus the discussion below can only be indicative of the likely
role of new technology; further research may well change its conclusions.

Progress in reducing CO, emissions depends on installing and using new
technologies in a host of applications. Key determinants of the penetration
of new technologies are sectoral rates of growth and average economic
lifetimes of capital assets. Lifetimes vary considerably, from motor vehicles
(8-14 years) to residential (30-80 years) and non-residential (31-48 years)
structures. Electric generating equipment (10-55 years), other transportation
equipment (16-28 years), and industrial equipment (14-27 years) have
intermediate lifetimes. Moreover, it can take years for economical new
technologies to become accepted. Thus new energy technologies may not come
into widespread use even in new installations for years--or even a decade or

more--after they are commercially available.

a. Electricity Generation. By 2010 an estimated 400 gigawatts (GW) of
new electric generating capacity may be needed to meet demand increases and to
replace existing capacity that will retire. New technologies can, therefore,
play a significant role in limiting CO, emissions from new electric generating
sources. But it must be recognized that only 65 GW of this total will replace
retired capacity; about 655 GW (91 percent) of existing capacity will not
retire until after 2010. CO, emissions may also be reduced as existing
generating units are repowered and reboilered with more efficient technologies

or with equipment designed to burn fuels with lower carbon content.

A variety of new technologies that produce electricity from coal, oil,

natural gas, and methane with improved efficiency in the conversion of fossil
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energy into electrical energy are in various stages of development. By
reducing the amount of fossil fuel burned to generate a given amount of
electricity, these technologies can reduce CO, emissions per unit of
electricity produced. Renewable resources, primarily hydropower and wood,
provided 8 percent of the nation’s energy in 1988. Newer renewable resource
technologies, including wind, solar thermal electric, geothermal electric,

photovoltaic, and biomass technologies, will make increasing contributions in

coming decades.

The future use of nuclear power both worldwide and in the United States
is and will be dependent upon many factors, including relative cost, national
security considerations, third world development, progress in dealing with
nuclear waste disposal and nuclear weapons proliferation, continued safe
operation of existing nuclear plants, and establishment of a stable and
certain licensing process. The goal of the DOE nuclear reactor program is to
develop nuclear reactors with simplified and standardized designs and passive
safety features, designs which hold the promise of revitalizing the nuclear
power industry through tﬁ; simplification of the licensing process and
resulting reduction in costs and financial risks. In addition, an NRC
rulemaking procedure is in place to pre-approve standardized nuclear plant
designs so that parties interested in purchasing a plant have assurance that
there will be no intractable licensing problems. Final designs will be ready
for demonstration or commercialization in the 1990s and, if public attitudes
and regulatory changes reduce business risks, the next generation of reactors

may come into use afte 000.

On balance, while important gains in.generation efficiency are po:sible,
they are not likely to penetrate the market substantially in the near term

based on market forces alone. e _pote adv, ed technolo to duce

gene;ation-;elatgd CO, emissions appears to increase substantially after 2000,

but this potential has wide uncertainty bounds.
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It is technically possible to "scrub” carbon from combustion waste gases,
but it is very expensive. One study concludes that collection and disposal
of powerplant CO, emissions would at least double the cost of coal-fired
electric power (Steinberg, 1983). There has also been some discussion of
methods of utilizing only the hydrogen in fossil fuels (Steinberg and Cheng,
1987). These ideas are in their infancy and are many years away from

commercial application.

b. Energy End-Use Technologies. Many estimates of conservation potential
indicate that new technologies could produce significant savings over expected
energy use, even by the year 2000. These estimates are buttressed by analysis
of historical data, which indicates that over the 1972-86 period, technology
improvements have played particularly significant roles in reducing energy use
in all sectors, particularly industrial and transportation but also including
commercial and residential buildings.

The contributions from new technology to energy efficiency gains are
potentially substantial, particularly after 2010. Of course, the eventual
levels of application depend heavily on fuel prices and the economic lifetimes
of capital stock. Because of lower lifetimes, the prospects for near term
stock turnover are highest for transportation vehicles, appliances, and some
light industrial equipment. Most residential, commercial, industrial and
utility structures and large equipment technologies require much longer time

periods to be replaced.

On balance, advanced energy use technology seems to have the potential to
contribute significantly to reducing CO, emissions, but estimates of the
extent of the contribution vary widely. Most energy projections indicate that

energy efficiency gains on the order of 12 percent can occur by 2010 through
the operation of market forces if fuel prices rise as projected. Substantial
additional gains in energy efficiency could occur by application of "best-

practice"” technology, but extensive policy interventions or much higher fuel
prices are essential to achieve them. Most studies have found that the
potential gains from widespread use of available "best practice" technology

59



»

PRELIMINARY DRAFT OFFICIAL USE ONLY

are significant. Significant technical potentiai for efficiency improvements
and fuel switching beyond 2010 exist, but increased efforts to develop and
commercialize new technology are required in the near term to achieve these

gains.

4. Forestation. Reforestation and afforestation policies may remove
€O, from the atmosphere and store the carbon in the woody parts of living
trees. By preventing the release of such carbon, policies that limit
deforestation reduce net emissions of CO,. However, reforestation may affect
microclimates and the soil’s ability to absorb C0%?. As a forest grows, an
-annual flow of carbon is removed, but it is generally assumed that carbon

release from decay balances carbon uptake from new growth in mature forests.

Reforestation is a (comparatively) short-term approach that may cause a

substantial decrease in net CO, emissions for three to five decades (Sedjo and
Solomon, 1988). After this period, a large effort would be required to keep

the absorbed carbon sequestered. However this delay could allow time for the
development and adoption of new technologies that emitted less carbom, or the
mature timber could substitute for fossil fuels creating a closed carbon cycle

with continuous replanting.

a. Cost Analysis. Sedjo and Solomon (1988) provide cost estimates for a
global reforestation plan designed to sequester the entire flow of net
additions of carbon to the atmosphere. Carbon absorption is highest for
recently planted fast growing species on tropical sites. Plantations with
these characteristics are estimated to sequester 2.3 metric tons of carbon
annually per acre. If such sites were used, an estimated 1.1 trillion acres
of land would be required, while if slower growing trees were planted on sites
in temperate zones, over 7.4 trillion acres would be required. These are
large requirements; 1.1 trillion acres is 50 percent greater than the current
forested area in the United States and more than 15 percent of the forested
areas in the world. A forestation program on this scale would require a

worldwide search for suitable and inexpensive land.
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Estimated total costs of absorbing global net carbon emissions range from
$372 to $697 billion. Based on total program costs and assuming a 30 year
rotation, the cost ranges from $4,29 to $8.03 per metric ton of carbon

removed. In addition, future harvest of the large quantity of trees required
for significant carbon sequestering could disrupt timber markets and

dramatically reduce incentives for planting on private forestland.

Moulton and Richards (1989) examine a more modest carbon sequestering
program in the United States. They conclude that marginal costs per ton range
from $17.71 to $102.63 per metric ton depending on program size. The lower

estimated per ton costs for the larger worldwide sequestering program flow
from more optimistic assumptions about both carbon absorption and land costs.
These assumptions may be justified on the availability of less expensive land
outside the United States and faster forest growth rates on tropical sites.
However, the smaller program with more pessimistic assumptions is probably a

more reliable guide to costs for U.S. reforestation programs.

Forestation programs of moderate size can be implemented in a wide
variety of ways to minimize impacts on land costs. Several options have been
outlined by the U.S. Forest Service (1989), including volunteer urban tree
planting programs, cost-sharing and technical assistance programs, and land
leasing programs. For example, enhancing forest growth on sparsely forested
land would not increase competition for land but would increase carbon uptake.
Urban tree planting would not raise land costs and, by providing shade, may
reduce fossil fuel consumption by reducing demand for air conditioning. Land
leasing forestation programs or programs that only involve cost sharing in the
costs of planting, improving, and managing lands for timber production are two
alternatives for increasing forestation on private non-urban land. On a large
scale, such programs could reduce expected stumpage prices and thus lead to

reduced forestation in current commercial forests.

e net ecological and recreational bene s 0 orestation would depend

the type of fores anted and the current use of the land. All types of
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forest would tend to have soil erosion benefits when established on erodible
cropland. However, fast growth forest plantations, with repeated harvest of
small trees for fiber or energy, would have few recreational benefits and
offer habitat for limited species of wildlife. Frequent harvests and
replanting of fast growth stands might result in added erosion if such forests
replaced natural forest land or grasslands. Grassland, sparse forest land,
mixed use forest (including grazing use), and old growth forests offer diverse
and unique wildlife habitats and ecosystems. Since the greatest intake of CO,
occurs in young, fast-growing stands, enhancing the carbon storage properties
of land in such current uses would dramatically change the ecosystem, and
widespread forestation with the sole goal of carbon storage could

significantly decrease biodiversity.

b. Management. Because new forests represent a growing stock of carbon,
h o s s bon management t depend a on
ow the stock o umulated carbo ature es ed. If new
forests are allowed to mature, significant carbon removal would occur only
over a 30 to 40 year period. To continue carbon removal through forestation
would require forest establishment on increasingly large areas of the Earth’s

surface.

1f forest land is cleared for other uses in the future, the carbon stored
during forest growth is then released to the atmosphere. If forest carbon is
somehow stored so that decay and release to the atmosphere does not occur, a
continuous flow of carbon can be removed. (Solidwood products are estimated
to contain only about 0.5 percent of the carbon in living trees, however
(Rotty, 1986).) More plausibly, forests might be used as an energy source.
In this case, net carbon removal would occur while new forest growth is
established, and a continuing carbon reduction benefit would occur to the

extent that bio-fuels replaced fossil fuels.

Each of these management options has quite different effects on economic
cost and on carbon removal. Unfortunately, the costs and carbon removal

benefits of these options have not been systematically analyzed.
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C. Methane
a C ccounted for about 19 percent o e c s adiative
forcing in the 1980s. The rise in atmospheric CH, concentrations over the

last century is due to a relatively small imbalance between sources and sinks.
Current assessments indicate that atmospheric stabilization will require only

a 10 to 20 percent reduction in annual emissions.

As Table II.3 showed, the developed countries account for only about 25
percent of anthropogenic CH, emissions, in part because over half these
emissions are produced in agriculture. Thus significant, cost-effective
reductions in CH, emissions will require global action. While a number of
approaches to controlling these emissions are available, no systematic policy
design or costing analysis seems to have been performed. There are ongoing

efforts within the Administration to better quantify the costs of methane
reductions and to develop, refine, and demonstrate best management practices
within the areas discussed below: animal waste, coal mining, landfills,
livestock, and rice.

1. Animal Waste. Animal wastes are estimated to generate about &
percent of anthropogenic CH, emissions. This occurs largely in developed
countries where these wastes are managed in lagoons. The most promising
technology for abatement of this methane is decomposition in anaerobic
digesters to produce methane gas, which, like natural gas, can be used to
produce electricity and/or shaft power or be burned in boilers as a heat
source. This approach is most promising at sites with large animal herds such
as feedlots and dairy farms. Full recovery at these sites would reduce these
emissions by over 50 percent. USDA estimated in 1978 that approximately 50
million tons of "economically collectable" livestock and poultry residue, when
converted through anaerobic digestion, could generate CH, equal to 7 percent

of the natural gas consumed in the United States in 1988.
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Fewer than 100 anaerobic digesters currently are operating on farms in
the United States, however. Most of these are producing electricity to power
farm equipment. Excess electricity often is sold to the utility grid system.
Poor economics, management problems and infrastructural barriers have
restricted widespread adoption of this technology. Most of the plants are one
of a kind and expensive. Typical costs of electricity generated are 5 to 7
cents per kwh. Additional research should enable the development of
standardized facilities that are substantially cheaper and more efficient.
Currently, farmers receive 2 to 3 cents per kwh for electricity they provide
to utilities except in a few areas, notably California where 9 to 11 cents per
kwh is paid. Many power companies are reluctant to accept power from farmers,

and establish major road blocks adding to the cost of an intertie.

2. Coal Mining. Methane from coal mining is estimated to contribute
13 percent of anthropogenic emissions. This methane is pipeline quality and
can be recovered as a resource, thereby both reducing CH, emissions and use of
other fossil fuels. It is technically feasible to reduce 60 percent of these
methane emissions through pre-mining degasification. This recovery would be
performed at a limited number of sites, since about 10 percent of the world’s
mines generate most of the methane. These mines are concentrated in the 9

countries that produce the bulk of the world's coal.

Economic assessments show that methane recovery can be profitable with
existing technology. Indeed, several recovery operations are running
profitably in the United States. An important limitation to more recovery in
the United States is that gas companies typically own the rights to the
methane in coal mines. The coal companies can only profit from methane
recovery by buying rights to this methane or setting up some sort of joint

venture operation.

Preliminary assessments also show that mining methane could be profitable
in countries such as China and Poland. For example, analysis suggests that it

is less expensive for China to derive BTUs from mining methane than coal.
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Much of China's coal is deep mine coal that is expensive to bring to the
surface, and gas pipelines are less expensive to build than the railroads
necessary to transport the coal. Despite these analyses, methane mining has
not been implemented on a large scale, and a continued rise in coal mining
activity is planned to meet China's growing energy needs. Since the USSR,
China, East Germany, and Poland are major coal producers, transfer of methane
recovery and methane mining technologies to these countries could produce

substantial benefits.

3. Landfills. Landfills, mainly in developed countries, are estimated
to contribute 10 percent of anthropogenic CH, emissions. Of the 6,584
municipal solid waste landfills in the United States, only 123 (1.9 percent)
now recover methane for energy use. Under current market conditions, methane
recovery is only viable for large sites with a suitable gas user nearby or at
which electricity can be generated and sold into the grid. Regulatory
barriers also exist in many areas. Ongoing research aims at enhancing the

economic viability of methane recovery.

EPA hopes to promulgate regulations limiting CH, emissions from large
landfills in the United States. EPA believes that these regulations have the
potential to reduce total anthropogenic CH, emissions by about 1.5 percent.

Controls applied in other countries could produce further reductions.

4. Livestock. Livestock generate about 20 percent of anthropogenic
CH, emissions. Intensive (grain-fed) animal production systems used in
developed countries result in significantly less methane per unit of output
than do extensive (grass-fed) systems prevalent in developing countries.
Production methods that enhance efficiency of livestock enterprises also
reduce methane emissions per unit of output. Through changes in diet and
management of smaller herds due to increased productivity, emissions may be
reduced by 25 to 75 percent. Other options for methane reduction include
increased use of hormones and lower price supports. The costs of these

changes will be small.
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In developing countries, many of the cattle are nutrient-deficient. By
supplying nutrient supplements, methane emissions can be reduced, but the
costs and potential of this approach are not well understood. In general,
while it is possible to reduce methane emissions from intensive livestock
production systems, relative gains will be small and may not be achieved
without significant technological advance. Further development of best-
practice livestock management systems and diffusion of those systems into

practice seem the most promising steps in this area.

5. Rice. Rice cultivation accounts for about 34 percent of
anthropogenic CH, emissions. Recent work shows that methane emissions may be
reduced by decreasing use of animal manures as fertilizer, but there is still

considerable uncertainty regarding the cost and volume of reductions that can

be achieved in this manner.

D. CFCs and Related Substances

orofluorocarbons (CFCs) accounted fo about 14 percen ncreased
radiative forcing in the 1980s. In the absence of any control measures, CFCs

would account for a much larger share of future increases. However, the
Montreal Protocol on Substances that Deplete the Ozone Layer represents a
commitment to significant controls. While primarily aimed at limiting CFCs
and halons because of the threat they pose to the ozone layer, this treaty
also results in substantial benefits in terms of global warming. The Montreal
Protocol has now been ratified by 49 nations and the European Community.

These nations account for over 90 percent of the global consumption of CFCs.

In response to recent scientific evidence that the risks of ozone
depletion from CFCs and other ozone-depleting substances are greater than
previously thought, President Bush and others have called for strengthening
the Protocol by phasing out CFCs and halons completely. Over 70 nations
supported the Helsinki Declaration at the first meeting of the Parties to the
Montreal Protocol in May 1989, which calls for a phase-out of CFCs and halons
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and limits on other ozone-depleting chemicals. The Protocol will be
renegotiated in June 1990 and will almost certainly include a phase-out of all
CFCs by the year 2000 for applications where there are safe substitutes plus
major reductions in halon use. This phase-out would significantly reduce the

crease adiative fo in the next century.

Significant technological advances made during the past several years
make such a phase-out feasible. In the near term, substantial emission
reductions are being achieved through increased recycling and improved
housekeeping (particularly by electronics companies in their use of CFC-113).
Development of chemical and process substitutes has also progressed rapidly
and has allowed major firms and industries to establish goals for eliminating
their use of CFCs ahead of the likely Montreal Protocol schedule. For
example, IBM and AT&T have a phase-out goal by 1994 and the electronics
industry as a whole, through its major trade association, has established the
goal of an 80 percent reduction by 1997 and a phase-out by 2000. Similarly,
the rigid foam insulation industry has established a goal of a complete phase-
out by 1995.

The costs of eliminating the use of CFCs and halons will be approximately
$3 billion over the next ten years (1989 dollars, discounted at 5 percent).
These costs could be substantially reduced, along with CO, emissionms, if
industry can move to more energy efficient refrigerants. For example, if the
use of HFC-152a as a refrigerant proves acceptable, cost savings from improved
energy efficiency could reduce the costs of a phase-out in these applications
by 57 percent over the next ten years. EPA and other agencies are working
with several industry groups to examine technological, environmental, and
institutional issues related to the use of a wide array of more energy

efficient, low greenhouse alternatives.
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E. Nitrous Oxide

trous de accounted f bout 5 pe the increase i
radiative forcing in the 1980s. As Section II noted, data on sources of N;0
emissions are quite poor. The primary anthropogenic source seems to be the
use of nitrogenous fertilizers, which is increasing at 1.3 percent per year in

industrialized countries and 4.1 percent per year in developing nations.

From the point of view of policy design, it is unfortunate that the
nitrogen content of fertilizer is not the primary determinant of N,0
emissions. Emissions of N,0 vary by one to two orders of magnitude among
different types of nitrogenous fertilizers. Other factors affecting emissions
include the rate and timing of fertilizer application, the placement of
fertilizer (deep or shallow), water management (particularly in rice

cultivation), tillage and herbicide use, and the use of legumes as a nitrogen

source. stem attent seems to have been devoted to the desi or
os olicies to reduce N,0 ssions om ilizer use or other sources
in part because the relevant science base is weak, though some of the
agricultural policy changes discussed in Section IV.B.2.g., above, would

likely reduce N,0 emissions from U.S. farms.

New technologies that improve fertilization efficiency also tend to
reduce N,0 emiésions, but little appears to be known about their cost-
effectiveness. Advances in biotechnology, particularly the development of

weed-resistant crop varieties and nitrogen-fixing cereal crops, may reduce N0

emissions in the future.
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CURRENT DELEGATE MGT: STATUS REPORT
30 March 1990

The following is a current status report of
countries attending the White House Confer-
ence on Global Change as of 1300 hours on
March 30, 1990.

F. TOTAL COUNTRIES ATTENDING:

Australia*
Brazil
Canada
FRG 3
France
India
Indonesia ¢
Italy

. Japan
10.Mexico ,
11.Netherlands «
12.Nigeria
13.Norway
14.0ECD

15. Poland
16.U.K. t
17.USA N
18.USSR
19.Zaire
20.EC \

0 90 5 O i B 1) B

TOTAL ATTENDING: 20 (All)

* Bold type no data to date

II. TOTAL NUMBER OF COUNTRIES
SUBMITTING:

A. Tentative delegation list:
o Total: 9
o Partial: 4
o USSR: In transit
o None: 5

B. Confirmed delegation list:
o Indonesia

C. Total number of developing
countries:

o 6 LDC's

o Poland

M1 Personal and Content data:
A. Personal: 0
B. Content: U.K. only

C. All others being actively worked
and should start to be received
shortly

IV. Major country concerns:

A. What is the overall purpose of the
conference?

B. What will be the final outcomes/
products of the conference?

C. Who will draft the final
report(s)?

D. What are the US position and
theme answers?

V. Overall Evaluation: Preliminary results
indicate growing interest; enthusiasm; high
level participation; and concern of actual out-
comes. \




THE WHITE HOUSE

WASHINGTON

February 15, 1990

Dear Mr. Watt:

Thank you for your recent letter relative to
the global warming issue.

Please know that I will be sure to share your
testimony with others here at the White House
for their review.

with best wishes,

ncerely,

drew Card, Jr.
Assistant to the President
and Deputy to the Chief of Staff

Professor Kenneth E. F. Watt
Department of Zoology
University of California, Davis
Davis, California 95616
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UNIVERSITY OF CALIFORNIA, DAVIS

BERKELEY ¢ DAVIS * IRVINE ¢ LOS ANGELES ¢ RIVERSIDE * SAN DIEGO * SAN FRANCISCO SANTA BARBARA * SANTA CRUZ

DEPARTMENT OF ZOOLOGY STORER HALL
DAVIS, CALIFORNIA 95616

Feb. 12/90
Mr. Andrew Card
O0ffice of John Sununu
The White House
Washington D.C.
20500

Dear Mr. Card,

As President Bush 1is probably already aware, three thousand
scientists have already written material inconsistent with the global greenhouse
warming idea. It would appear that the world is chilling, if anything, not warming.
It might be useful to him to have a copy of the paper that served as the basis
for my testimony before the California State Energy Commission on the arguments
against the simple warming theory (enclosed).

Technical help on the climate debate is just down the street from
you. Dr Fred Wood of the Office of Technology Assessment was the head of
the government's project on information management in the government, and he is
an expert on most aspects of the climate literature.

Yours very truly

ol L

Kenneth E. F. Watt
Professor of Ecology, Zoology,
and Environmental Studies
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FROM:

THE WHITE HOUSE
WASHINGTON

Date: December 5, 1989

Governor Sununu

ANDY CAR

[0 Action
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cc: Allan Bromley
Nancy Maloley
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THE WHITE HOUSE
WASHINGTON

Mr. Roger Allan Moore

Ropes & Gray

One International Place

Boston, Massachusetts 02110-2624




RorPEs & GRAY
ONE INTERNATIONAL PLACE
BOSTON, MASSACHUSETTS 02110-2624

30 KENNEDY PLAZA (6'7) 951-7000 1001 PENNSYLVANIA AVENUE, N. W.
PROVIDENCE, R.I. 02903 WASHINGTON, D. C. 20004
(401) 521-6400 TELECOPIER: (617) 951-7050 (202) 626-3900

TELECOPIER: (401) 521-0910 TELECOPIER: (202) 626-396!
Writer’s Direct Dial Number: (617) 951-7295

November 30, 1989

The Honorable Andrew H. Card, Jr.
Deputy to the Chief of Staff .
The White House

Washington, D.C. 20500

Re: Earl M. Kulp
Dear Andy:

Earl Kulp, a brilliant and eccentric friend of mine since
college days, has produced a document on global warming which he
has asked me to submit for publication to National Review, a copy
of which is enclosed.

Recently he has read your boss's statements on the "global
warming" issue and he thinks the Governor's articulated position
is exactly right. He has asked me to forward the enclosed
article to you with the request that you hand it to Governor
Sununu, in the hope that it will provide some additional
documentation in support of his position. I am also enclosing a
slightly edited copy of his letter of October 22, 1989, to me
summarizing the relevance of the enclosed paper to Governor
Sununu's position.

\

~- Please call me if I can be of help in this or any other

connection.
aara,
Roger Allan Moore
RAM/les
Enclosures

RAMANDYC.XO
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November 22, 1989

Roger A. Moore

Ropes & Gray

One International Place
Boston MA 02110-2624 USA

Dear Roger,

On the other matter we discussed, Global Warming, Gov. Sununu is
now under fire from the Greens for opposing an immediate long-term US
commitment tc incredibly costly reduction of C02 emissions. He stuck
his neck out; this is the first time a White House Exec Officer has
personally taken such a stand on an issue. He has called for further
climatological analysis, which may prove him wrong. My proposition
(as expressed for the layman in the article with some technical backup
in the study) proves that he is absolutely right: even if further
climatological analysis proves a greater urgency of the problenm, the
solution lies in maximizing tropical bio-mass, not in reducing C02
emissions of autos and industry.

And the price is right.‘lt can and should be done within the cur-
rent worldwide level of ODA spending. Indeed, | still maintain that
lower spending is essential to greater results.

The next step, as the study suggests, is a further study to de-
tail a world-wide program.  Our company, Pacmar-in Honolulu (address
on the study), can justify single-source procurement by offering a far
lower price and higher performance guarantee than any other company.
However, | am not doing all this primarily to drum up business for
Pacmar but rather to Make It Happen, one way or another. '

The Philippine proposition is tangentially related in that it in-
cludes a model national program for maximizing tropical bio-mass.

If Sununu simply sends this material to USAID, it will then be

handed down and down and down to a level that is not authorized to

| think, who will write a nonsense brushoff response, as they did on

this subject to the Senate Foreign Relations Committee. Sununu will

still be out on a limb. Rather, if he is really interested, he should

| ask the USAID Administrator to get in touch with me or Pacmar to ex-
| plore the matter further.

Gov. Sununu has courageously stuck his neck out. Newsweek carried -
statements by experts saying he was making a mistake of mega-catastro-
phic proportions. My numbers show he is absolutely right. The detail
study | propose will prove he is right, and that the price is right.

Best regar:;;/,
4K Avalon Building, 95 Xavier corner of Ortigas, Greenhills
San Juan, Metro Manila, Philippines .tel:s 78-3827, 810-2494
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ESCAPE FROM GLOBAL WARMING: ECONOMY FARE

by Earl Kulp

artiocle :ubnittod to National Review

National Review displays a healthy conservative
scepticism of the latest Hot Topic: the global warming
trend caused by the Greenhouse Effect of the buildup of
heat-trapping gases, mainly C02, carbon dioxyde, which
allegedly threatens, one of these decades, to raise the
oceans, innundate New York et al., and move the corn
belt north to Winnepeg. In the NR July-14 {ssue, an
article by Shaw and Stroup reflects some reservations
on the rapidly spreading assumption that big money must
be spent now to reverse a global waraming..

One may well question the rationality of proposals
to spend big billions, make major lifestyle sacrifices,
as defense agalnst some future catastrophe that has .
only a strong possibility or vague probability.

Yet {t does happen that we do it all the time.

For 40 years we have spent countless billions get-
ting MAD, buying protection from a possible nuclear
first strike. The logic of MAD, mutually assured des-
truction, is not air-tight. There are those who argue
it.-is the wrong approach. Yet we go on spending, albeit
the efficacity of MAD, fortunately or unfortunately---
correction: fortunately---eludes empiric proof.

So the relevant question is: if we were to accept
the broad scientific consensus that global warming
threatens ecological disaster, what might it cost to
reverse the CO02 buildup? Analysis starts with some
global magnitudes, some high and low estimates of types
" of CO2 absorbtion and emission, in billions of tons:

estimates

low high

discharge from burning tossil fuels +5 45
net absorbtion by plants ' -25 -50
net absorbtion by oceans -3 -4
soil respiration +25 +50
deforestation +2

annual bulldub of CO2 in the atmosphere +2 3

There are those who suggest that we should re-
verse the trend by reducing fossil fuel consumption and
emission. It would take a 40-60% reduction in fossil

page 1
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fuel to reverse the trend, which would mean foregoing
such innocent pleasures as riding to work.

Is there a cheaper, easier way?

Suppose we could increase net absorbtion by plants
by 10-15%? According to the above estimates, that would
do it. ‘ :

Indeed, many suggest that the main cause of global
warming over the past century has been the vast reduc-
tion of global forest cover. A hectare of mature fo-
rest stores about 100 tons of CO2. Forests, along with
deep green fields, also absorb a lot of heat instead of
reflecting it back into the atmosphere. The answer
proposed is to control the wanton depredations of tro-
pical forests by the Lumber Barons.

I did preadolescence up in the North Woods, where
the old-timers’ tales of the depredations of the Lumber
Barons made the cowboy stuff at the Saturday matinee
look dull. Control of forest resources comes late in
the evolution of a great nation. Developing nations
need political incentive and they need help to control
the Lumber Barons. But wood converted to woodwork does
not discharge C02. A hectare of mature forest stores
100 tons of C02, but it doesn't absorb more. The pro-
blem is not deforestation; it is lack of reforestation
---or replanting with some other fast-growing biomass.

It may well be that the little people in those fo-
rests do more harm to the atmosphere than the big guys.
Fire 1is the poor man's tractor. Into the logged-over
uplands, or even into virgin forest, more millions of
landless each year go searching desperately for subsis-
tence--and they slash&burn; lacking the capital to use
good technology, they burn off new fields each year.
In most of Africa, they leave six hectares of scrubby
low-biomass fallow for each hectare of crop. That an-
. nual burn-off around the world also releases more heat
than does worldwide heavy industry.

Worse, population pressure is pushing increasingly
into the hills, onto slopes unsuited to cereal crops.
When you see a slope planted to scattered corn or sor-
ghum, you know that a few years of torrential rains
will wash off all the topsoil (drowning more Bengalis),
leaving a barren slope that absorbs no CO02 and reflects
heat like a parking lot on a sunny July day.

The Heart of the Matter might be stated succinctly
as maximum biomass production, max-biomass farm sys-
tems---farm systems that can provide a family a decent
living while maximizing biomass production, on slope-
land and flatland, in humid and semi-arid tropics. Ve
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talk of biomass: the entire plant, not just the sa-
lable part. Focus is on the tropics, where most bio-
mass is produced. A hectare of fast-growing tropical
biomass absorbs 10-40 tons of C02 a year. We define a
decent family living in‘the Third World as subsistence,
a roof and all you can eat, plus $50-150 a month cash.
Things are tough out there; expectations are modest.

I and my company have designed such max-biomass
farm systems, for Africa, South and East Asia, for hu-
mid and semi-arid tropics. We have laid out a world-
wide program to generate sufficient additional biomass
to reverse the global buildup of C02 in the atmosphere, -
and also provide decent livings for 140 million fami-
lies, the poorest of the poor. These max-biomass farm
systems vary considerably according to region, but they
have certain priciples in common:

The first feature is subsistence on minimum land.
For the Asian humid tropics, | have designed a bio-in-
tensive garden that can give a family a good diet--meat
and potatoes and lots of milk for the kids---on less
than 1,000 m2, less than a quarter-acre.

The key is tubers: potatoes, cassava, camote (the
big sweet potatoes) etc. Lester Brown, who coined the
phrase Green Revolution and then went on to become dean
of the eco-cassandras, has recently done a spate of ar-
ticles warning that the world has reached its limit on
cereal production. He is probably right. But fortu-
nately there has been a little-noticed Green Revolution
on tubers, which can yield two or three times as much
food per hectare as high-yielding corn or rice.

Goats play a key role, provided they are staked or
caged and fed on cut&carry. A farm with a slope or a
small patch of fast-growing forage can feed a couple of
goats, which provide meat and milk and also the manure,
the nitrogen, the tubers need. To keep the manure from
¢harging methane into the greenhouse layer, it can be
run it through a burner first to convert its methane
into energy (particularly cooking fuel), and then be
spread on the field as a high-nitrogen sludge.

In Africa, the six-year fallow can be eliminated
by what they call Alley Cropping: planting crops be-
tween rows of soil-restoring, nitrogen-fixing bushes -
such as Leucaena. .The leafy branches of the bushes
provide a high-nitrogen mulch for the crops. Every year
or two they alternate the rows to keep restoring the
soil. This eliminates the heavy labor bottleneck of the
annual slash&burn and enables a family to handle more
land. Alley cropping is probably suitable for tropical
America as well, where slash&burn is widespread.
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But a lot of the relevant lands are back in the
hills, on slopes with no nearby roads. Slopes need a
permanent high-biomass cover, forage or trees, with
crops that are not dependent on good truck access. Co-
caine somewhat fills the bill; a few months’ produc-
tion goes out over the shoulder. Silk and hand-wovens
also don't need trucks. Best of all: ruminants, ani-
mals that eat forage and walk out on their own four
legs. That’'s how the West was won.

- The world can use a lot more cheap meat and cheap
hand-wovens. «

Finally, a max-biomass farm system should put as
much land as possible back in trees---preferably trees
that earn money every year or meet other family needs.
Hardwoods mature slowly; they function as an old-age
pension in the system. Fruit trees earn best but need
a nearby road for daily deliveries. Farmers might grow
some fast-maturing fuelwood trees. Or they might put
some slopeland into avocados, a cheap source of high-
energy food and cooking oil for the family.

A hectare of the Chinese Tallow Tree (CTT) yields
about 12 barrels of diesel fuel plus a ton of high-pro-
tein livestock feed. Harvest requires a lot of labor;
a family may be able to handle only one hectare. The
cost may not be competitive in the big city with petro-
leum fuel. But the CTT provides economical fuel for i-
" solated villages, for small tractors, and electricity.

So the poorest of the poor can watch 1 Love Lucy
dubbed in their native tongue.

We have calculated a global program for 140 mil-
lion farms, to increase global biomass production e-
nough to absorb about 5 billion tons of C02, enough to
reverse the global C02 buildup in the atmosphere.
e How can the world make this happen? Not through
government projects, whose passion for risk-avoidance
keeps them forever in the pilot stage. Not through al-
truism, which rarely generates the brainwork and the
large-scale risk-taking necessary to solve probleas.
Benefits to the poor from global altruism have been
trivial compared to the benefits from profit-hungry
enterprise. It has to happen through private agribusi-
ness projects, through new enterprises engaging thou-
sands and tens of thousands of families in new contract
farming, companies with a passion for solving the pro-
blems and building the volume it takes to make money.

Our company has designed such projects to go with
each of the new farm systems, new businesses to make
them happen on a large scale. We leverage the projects
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with low-interest development loans, for the producers
and for some plant and equipment. So we plan ODA,
Official Development Assistance, for about 85% of the
financing. With high leveraging and high volume, we can
show attractive rates of return to investors, generally
over 40%---at prices a conservative 30% below the cur-
rent market or the World-Bank forecast prices.

The total investment in these projects works out
to only $2,500 per farm, per decent family living (the
big multinationals require an average investment per
job of $20,000), A global program spread over 23 years
---bringing in 6 million farms a year---requires an
annual investment of $15 billion, 13 billion of that
in ODA, Official Development Assistence.

Which 1is less than 35% of what the world is cur-
rently spending on ODA. Statutes or basic policy of US
aid and almost all donors---particularly the World Bank
and the big regional development banks---mandate top
priority for projects which directly raise incomes of
the rural poorest of the poor.

So it would seem that the presumed main cause of
global warming can be reversed with no additional in-
vestment or lifestyle sacrifice. As Al Capp used to
say about Free Love, the price is right.

The problem is organization and methodology, phi-
losophy if you will, rather than available funds.

ODA started with the Marshall Plan. It had a sim-
ple, sharp, concretely quantified objective: restore
European industrial and agricultural production to {ts
1939 level by 1952. Simply replace equipment destroyed
by war. Unpooring the primitive, generally rural, poor
of the Third World was not so simple. To make matters
worse, the Development Community (all the donor and
recipient agencies) started from the wrong end.

To unpoor rural poor, the logical procedure is a
tight three-step: Step 1 is to analyze opportunities
and resources---potential markets, land, water, and
labor available to average farms---and apply potential
technology to design decent-living farm systems. That
is the Heart of the Matter. Step 2 is to projectize
Step 1: design business systems to Make It Happen, with
enough Development-finance leverage to attract private
equity. Step 3 is to back up Step 2 with the wminimum
improvements in government services and infrastructure.

Instead, the Development Community, with some no-
table exceptions, ignored the Heart of the Matter and
thus skipped Step 2---spawning instead a random pletho-
ra of projects to improve government services and in-
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frastructure. Third'Uorld governments mysteriously pre-
fer infrastructure, projects with big-money public-
works contracts, which is where most of the OQA goes.

"This mushy thinking got to the point ten years ago
where the US Foreign Assistance Act, as amended, read
like a Woody-Allen joke, mandating the President, in
effect, to focus narrowly on 18 objectives while car-
rying a clean hanky at all times. The legislation has
been somewhat simplified, but it is still so vague
that its objectives could theoretically be satisfied by
careful distribution of 45 carloads of mung-bean seeds’
and 45 carloads of M&Ms.

The mushy thinking was compounded by confusion of
charity and development, by isn’t-that-sweet projects--
-for women, kids, volunteers, etc.---by altruistic pos-
turing. Cameiot conceived the Peace Corps, expiicitiy
advertised to enable middle-class American youth to
earn karma by doing without plumbing for two years.
This year, the Senate Foreign Relations Committee wrote
the Secretary of State asking what the supplementary
money for the Philippines was going to do about global
warming; the answer came back saying, in effect, "not
to worry, we got the JCs working on that one."

Maximum tropical biomass is where the needs of the
very rich and the very poor coincide. Maximum tropical
biomass production may spell high-and-dry New York  for
the grandchildren of the very rich, and a decent living
for hundreds of millions of the Third-World very poor.
Maximum tropical biomass can provide a different and
better living for cocaineros. Maximum tropical biomass
can spell cheaper meat for the masses and cheaper hand-
wovens for the rich. Forgiving Brazilian debt may do
little for rich or poor, unless it is specifically tied
to maximum-biomass development of the Amazon.

Even if Global Warming is far less probable and

‘.. .cogent a threat than nuclear first strike, protection

against this potential ecological disaster is priced

right. It need not cost the big billions we spend to

get MAD and stay MAD. It need not cost First-World
donors any additional ODA. '

It is a matter of spending smarter not spending
more, a matter of reorganizing the priorities and plan-
ning and implementation of ODA, to focus attention and
resources and set concrete targets on the Heart of the
Matter: decent-living farm systems that maximize pro-
duction of tropical biomass.

Earl Kulp, a consultant on rural development now in the
Philippines, has worked in over 20 countries of the
Third World. He served in the Ford White House.
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nationality:

\
|
‘ education:

books:

languages:

American

Harvard College, BA 1952, cum laude Economics
Harvard Business School, MBA 1954, production & marketing
Princeton University, 1967-8, fellowship in systems analysis

"Rural Development Planning: systems analysis & working method,"
Praeger, 1970, 666 pages.

note: Accepted by American Economics Assn as equivalent of PhD
"Designing & Managing Basic Agriculture Projects,” U. of Indiana,

Bloomington, 1977, 335 pages.

fluent French & Spanish
working Thai, Portuguese, Japanese
working Cobol, Basic, dBase

experience

1983- PACMAR, Hawaii, consulting on following:

1987-

Rural Investment Company of the Philippines (RICOP), organizing
new investment company and venture capital fund to start up new Ag-
ribusiness and other firms to provide decent livings to thousands of
rural households, primarily through contract farming....prepared the
prospectus, including 18 prefeasibility studies on projects for $15
billion total investment, to provide decent (above poverty) livings
to a total of about 3,000,000 households--in aquaculture, livestock,
handicrafts, silk, feeds, horticulture, foreign retirement et al....
+..all projects showing 40%+ return on equity, at prices averaging
30% below current or projected market...programs accepted by Sec.
Finance and by League of Governors...now negotiating seed capital.

1986 Honduras, farming & marketing program for 20,000-ha. irrigation pro-
ject to be funded by Japan OECF, primarily for winter vegetables &
other horticulture.

1985-6  Philippines, long term livestock plan, for 750,000 farms with invest-

ment

of $1,500,000,000, over 80% private sector, plus feasibility

study for about 20 initial component projects, for Asian Development
Bank.

1985 Jamaica, sector plan and joint venture proposals for fruits:

citrus, pineapple, guava, mango, papaya, passionfruit

1983-4 Thailand, joint venture proposals for hog and rabbit production
by 25,000 small farmers
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1981-2 Zaire, Ministry of Agriculture, introduced first microcomputer in the
Government of Zaire...prepared studies showing feasibility of private
investments in basic crop improvement, small livestock production, and
rehabilitation of abandoned coffee plantations...introduced concept of
tripling average farm income through animal traction, getting endorse-
ment of highest policy-making body of the government.....prepared 22-
year master plan for tripling farm income.

1979-80 Mali, Opération Haute Vallée, with Louis Berger International, Inc.,
as manager of largest US aid project in the Sahel, started animal
traction on pilot farms, introduced new system of peasant feedlots
that could double income of most farms of the region.

1976-9 Thailand, Office of Accelerated Rural Development, as planning advisor
- prepared a general strategic plan for doubling income of most farms of

the poorest region of the country through multiple cropping, livestock
integration, small-scale intensive horticulture...secured tentative

Japanese Government approval of billion dollar assistance for the plan

1975-6 Washington, Agency for International Development, planning systems ad-
visor, prepared textbook and teaching manual on planning and managing
regional agricultural projects to double small farm incomes.

1974 Washington, the White House, speech writer and political staff aid

1973-4 Senegal Valley Development Authority developed plans for basic farming
systems of 600,000-hectare irrigation scheme, with sufficient
integrated livestock and intensive horticulture to provide returns
adequate to attract private investment

1973 The Supreme Court of the United States, introduced the computer..did
basic systems analysis for the Court’s new computer system, the first
ever in a US appellate court

1971-2 Uganda, Institute of Public Administration, designed nationwide plan
for doubling cash income of 80% of farms, with animal traction and
diversification of coffee farms...started pilot animal traction ope-
ration...secured private sector financing.

1969-70 Washington, Peat Marwick Mitchell & Co., designed planning and manage-
ment system for state-level, billion-dollar highway safety programs...
system awarded Presidential Managment Improvement Citation of 1971
for "reduced approval time, earlier, more systematic implementation.”

1968-9 Washington & Saigon, AID Vietnam Bureau, as planning systems advisor
prepared initial operating plans, including computerization, of the
Vietnam Land Reform Program.

1967-8 Princeton University, wrote "Rural Development Planning."

1965-7 Thailand, Office of Accelerated Rural Development, designed and ini-
tiated ARD Agribusiness Project, initiated cooperatives in 14 most
security-sensitive districts of the Northeast, with credit to 10,000
farms from private banks without collateral, for the first time in
Southeast Asia...loans 99% repaid despite late rains, producing re-
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cord rice crop yields...program subsequently expanded to over 28,000
farms.

1964-5 Vietnam, USAID, prepared comprehensive anti-corruption program...im-
plemented program in Ministry of Commerce import licensing office ...
did basic studies leading to initiation of Second Vietnam Land Reform.

1862-3  Cambodia, USAID, as assistant program officer.

1857-62 Manufacturing, in Chicago, Miami, Tokyo, as sales manager, plant mana-
ger, industrial engineer

1954-6 US Army, Japan, as economic analyst

family: widowed, 2 grown children

references:
1 attached
others:

. Sixto K. Roxas, with whom | have been working here in the RP, (on
633-817-7432) who was first CEO of American Express International Investment
Bank and is thus perhaps the most internationally-respected economist and fi-
nancier in Southeast Asia.

Dr. F. Jamison Bell, partial prototype of the eponymous hero of
The Ugly American, who taught me most of what | know about agriculture---he
can be reached in Thailand on 234-1577/1494 or in the US/Canada on 705-765-
3880 or 904-734-933;

. Puangpun Sananikone head of Pacmar and former Director of Planning
of Laos, 808-524-3806---knows my career for the past 10 years;

Nyoka Busu-Noenga, member of the central committee of Zaire's
natfbna1'party---got my idea of development based on animal traction approved
by the congress of the Party---phone 81054 Kinshasa;

. Peter Gajewski---USAID/Indonesia, (6221) 360360, knows my career for
the past 25 years; .

. Clayton McManaway--US Ambassador (ret.), knows my career in Cambo-
dia and Vietnam. (703) 207-0600.
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Congress of the WUnited States
~ Office of the linoritp Leader

PHouse of Representatives -
Washington, D.E€., 20515

March 5, 1969

Dr. llenry Kissinger
The White House
Washington, D.C.

Dear Henry: ' & ' ' 4

Enclosed you will find a biographical resume of a young man
from my-area in Michigan .who has much to contribute.to the n e
new Administration in ideas and actipn in reference to Viet Nam.
Because I have known his family for a number of years I have
followed his career, particularly in AID, with much interest.

He is highly intelligent, extremely well informed through actual
expericnce in the field and persistent, perhaps too much for

some of the bureaucratic echelons.

I rezlly believe he has soue constructive ideas and several
specific suggestions on. AID programs for Viet Nam. I intend to 5
contact Dr. John Hannah on his behalf but it might be highly
beneficial from vour vantage point to take a few minutes. I

, believe he is brilliant but most important he wants to get a

job done well.
Warmest personal regards.

March 6, 1969
Sincerely,

Mr. Earl M. !(ulp
Vietnam Bureau
Program Planning Systeas
. Ageacr for Internacional Dewelopmenc
Rosslva Plaza, Room 420D
. . . ’
GRF:fl Washingcon, D. C.

Enclosure : Dear Earl:

Enclosed are copies of letters [ have written co Dr. Joan
HYannan and Dr. Hearv Kissinger.

Warmest personal rezards.

Sincerer”

." '\
el
Geralf 2. o84, ¥ C.
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