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GAS GROUP ATTACKS WIND; 
AWEA ISSUES RESPONSE 

NGSA Targets Economics and the Environment in 
Criticizing Entire Wind Energy Industry 

T he Natural Gas Supply As­
sociation (NGSA), a gas pro­
ducers and marketers group 
based in Washington, D.C., as 
part of a sustained campaign 
against renewable energy, at­
tacked wind energy as expensive 
and environmentally-damaging in 
a press release issued August 27. 
A WEA responded August 29 in 
a statement it said was aimed at 
"setting the record straight." 

The NGSA release cited what 
it called wind's high cost, stating 
that wind costs 4.1 cents/kWh, 
or "almost 30% more than the 
cost of gas combined-cycle tech­
nology." . When the 1.5 cents/ 
kWh federal production tax credit 
(PTC) for wind is taken into ac­
count, NGSA said, wind-gener­
ated electricity costs nearly 70% 
more than gas-fired power. 

A WEA, however, called 
NGSA's decision to complain 
about the PTC "most surprising," 
in view oflong-standing, perva­
sive, and lucrative federal tax 
breaks for the oil and gas indus­
try. Noted A WEA, "Extension 
of the [PTC] would cost $14 
million over the next five years .. . 
Meanwhile, the oil and gas indus­
try will collect in excess of $4 

billion [ or roughly 300 times as much] 
in tax breaks over four years ( 1996-
2000) from items that include: 

• the expensing deduction for oil 
and gas; 

• the percentage depletion allow­
ance; 

• tertiaryrecoverywell expensing; 
and 

• alternative minimum tax relief. 

It seems clear that without these gen­
erous government handouts, the price 
of electricity generated from natural 
gas would be significantly higher." 

A WEA director of communica­
tions Tom Gray also called the wind­
gas price comparison "misleading and 
bogus," noting, "It would cost con­
sumers 70% more only if all gas 
generation were magically replaced 
today by wind. In the real world, this 
is something that would take many 
years to occur, during which time the 
price of gas could easily increase 
drastically as it has in the past. Even 
using NGSA's numbers, the price 
impact on the average household of a 
renewables portfolio standard 

(see GAS, page 2) 
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Background on Issues 

INTERNATIONAL NEGOTIATIONS 

The Framework Convention on Climate Change was signed at the Rio "Earth Summit" in l 992. 
The current round of negotiations is scheduled to conclude in Kyoto this December. To date, the 
United States has advanced a three-part framework for the negotiations. We have argued for (l) 
binding emissions targets, (2) flexibility in achieving those targets (for example, through emissions 
trading among developed nations and "joint implementation" with developing nations), and (3) the 
participation of all countries. We have not yet proposed any specific targets or timetables. A 
relatively low-level negotiating session has been going on this week in BoM and will continue 
next week. 

Targets and Timetables 

The European Union has proposed that developed nations cut back emissions I 0-15% from 1990 
levels by 2010. We have stated publicly that we believe this proposal is unrealistic. Other 
nations, including Australia, Japan and Canada, have expressed concerns about moving too far 
too fast, but have not put forward any specific targets. Several countries (including Australia, 
Japan and Norway) have supported "differentiated" targets, under which different developed 
countries would take on different obligations. The United States has opposed these proposals as 
unworkable. 

Flexibility 

The tenn "flexibility" has been used to refer to international emissions trading, joint . 
implementation, banking and borrowing (applying extra·emissions reductions from one period in 

• another period) and multi-year targets (setting emissions targets for periods of two or more years, 
such as 2010-2020). Such policies can substantially reduce costs of compliance. 

Our proposal for emissions trading among all developed countries has met with only limited 
support. However, the EU has proposed that its members be allowed to trade emissions among 
themselves (the "EU bubble"). We have insisted that all countries that all developed countries be 
allowed to trade emissions. 

Closely related to international emissions trading is "joint implementation." In a typical case, a 
company in the developed world would invest in a renewable energy, energy efficiency or forestry 
project in a developing nation. Emissions avoided as a result of this investment could be applied 
to that company's obligations at horn~. Since emissions reductions are typically much cheaper in 
the developing world than they are in the developed world, significant efficiencies could result. 
Developing countries would gain benefits in the form of technology transfer and private sector 



investment flows as well. 

In spite of the potential benefits, most developed countries remain opposed to joint 
implementation (although support has grown significantly in Latin America). Many of these 
countries see joint implementation as a way for developed countries to avoid taking responsibility 
for reducing greenhouse gas emissions. In addition, some environmentalists are concerned that 
measuring project-based emissions reductions will be too difficult, and some in Congress are 
concerned that joint implementation will result in significant transfers of wealth overseas. 

The U.S. business community has strongly supported joint implementation. Utilities have been 
among the most active participants in pilot projects to explore the feasibility of joint 
implementation. • 

Developing Country Commitments 

This is the most difficult issue in the current round of negotiations. There is a vast gulf between 
the dialogue abroad (where the U.S. proposals for developing country participation are almost 
uniformly considered too aggressive) and at home (where Senator Byrd's resolution, calling for 
commitments beyond the U.S. proposal or the 1995 Berlin Mandate under which this treaty is 
being negotiated, passed the Senate recently 95-0). 

Developed countries are responsible for more than 75% of the increase in greenhouse gas 
concentrations since the beginning of the Industrial Revolution. In the decades ahead, however, 
emissions from developing countries are expected to grow sharply. By 2035, developing country 
emissions are expected to exceed those from the developing world. 

Per capita emissions vary widely. Carbon emissions from the United States are roughly 5 tons per 
person; from the OECD as a whole, roughly 3.5 tons per person; and from developing countries 
as a whole, roughly 0.5 tons per person. 

The 1992 climate treaty established differentiated levels of commitments for developed and 
developing countries. It called upon developed countries to take the lead in addressing climate 
change and to aim to return emissions to 1990 levels by the year 2000. It called upon developing 
countries to adopt policies and measures to -address climate change, but provided no aim for 
developing countries similar to the year 2000 goal. These differentiated commitments were 
intended to recognize both the unequal contribution of developed and developing countries to 
global greenhouse gas concentrations and the unequal capacity of those countries to control 
em1ss1ons. 

In 1995, in Berlin, the Parties to the climate treaty agreed to negotiate further steps for controlling 
greenhouse gas emissions. The negotiating mandate calls on developed countries to set quantified 
emissions limits for the "m~dium term (e.g. 2005, 2010 and 2020)." In Berlin, the United States 
argued strongly that developing countries must participate meaningfully in negotiations over next 
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steps. There was little support for the U.S. position on this point, with many Parties noting the 
failure of most developed countries to take significant steps toward meeting the year 2000 goal. 
The Berlin Mandate states that there will be "no new commitments" for developing countries in 
the current round of negotiation, but that developing countries will be required to "advance the 
implementation of' their existing (non-binding) commitments. 

In January, 1997, the U.S. submitted a draft protocol proposal. Provisions on developing 
countries included three elements, the most important of which is the "evolution·· concept, which 
would require developing countries to enter into an agreement by 2005 to adopt legally binding 
emissions targets and would include a "graduation mechanism" under which developing countries 
would automatically incur obligations as their living standards increase. 

DOMESTIC POLICIES 

Your Cabinet and staff are currently in the process of shaping domestic policies options to address 
greenhouse gas emissions. Among the options receiving close attention are domestic emissions 
trading and technology programs. 

Domestic Emissions Trading Programs 

Under emissions trading programs (sometimes referred to as "cap and trade"), companies would 
be allowed to buy and sell the right to emit greenhouse gases. The US has had more experience 
with emissions trading than any other country. Examples include the Clean Air Act's acid rain 
program, under which utilities are allocated permits based on historical emissions of sulphur 
dioxide. Permits may be traded. Compliance costs under this program have been much less than 
expected, due to unforeseen factors. (Prior to passage, industry estimated compliance costs 
would be over $1,000/ton. Government studies estimated costs would be around $600/ton. 
Currently, allowances are trading on the Chicago Board of trade for around $100/ton). 

Among the issues to be addressed in designing a domestic emissions trading program: 

• Where the constraint is imposed. A "primary fuel'' trading program would limit the 
production or import of fossil fuels. A ••sectoral" trading program would limit emissions from 
one or more key sectors (e.g., utilities, transport or heavy manufacturing). 

• How permits are distributed. For example, permits could be parceled out to emitters based 
on historical emissions, auctioned, or some combination of the two. If auctioned, substantial 
revenues would be raised which, for example, could be recycled through a consumer and/or 
business tax cut, or used for transitional or technology programs). 

An emissions trading program for greenhouse gases could potentially be bigger in scope (by an 
order of magnitude) than any existing emissions trading program. We are currently exploring 
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feasibility and implications. 

Technology Programs 

The cost of reducing greenhouse gas emissions between now and 2020 depends greatly on the 
ability to accelerate use of existing energy-efficient technologies. Over the longer-term, the 
solution to the climate change problem depends on developing and deploying new technologies 
that are even more efficient or are based on non-carbon energy sources. 

A range of government programs might help accelerate technological change. Research and 
development programs generally aim to improve technologies by lowering production and 
operating costs. Large opportunities for cost-lowering research and development exist in 
buildings, transportation, combustion, renewables and sequestration ( e.g., fuel cells, advanced 
industrial turbines, advanced diesel engines, and transportation biofuels). In addition, information 
dissemination programs assist businesses and consumers in identifying opportunitie!""to reduce the 
energy intensity of their products or services (e.g., using more energy efficient light bulbs, 
insulation, appliances, etc.). 

You have strongly supported technology programs with significant climate change benefits. 
Examples include: 

Partnership for a New Generation Vehicle (PNGV) 

The PNGV program joins the big three U.S. auto makers, federal agencies and many suppliers 
of materials and equipment in an effort to develop a more efficient car. The program's goal is 
to triple the fuel efficiency of passenger cars with no decrease in comfort or safety. 

The Climate Change Action Plan (CCAP) 

. CCAP began in 1993 with a goal of returning total US greenhouse gas emissions to their 1990 
levels by the year 2000. The plan includes about 50 initiatives covering all major greenhouse gas 
producing sectors of the US economy, including Energy Demand, Energy Supply, and Forestry. 
CCAP programs have reduced the rate of emissions growth, but not enough to achieve the 
programs goals. CCAP is a voluntary program that relies on partnerships and cooperation with 
industry and includes both government and private sector investment in new low-emissions, high­
efficiency technologies. Agency participants include DOE, EPA, and USDA. 

Biomass Energy Initiative 

DOE and USDA are working with companies to demonstrate power projects for rural 
development and to improve technologies for converting crops to liquid and gaseous fuels. 
Pilot projects are running in New York, Minnesota and Iowa. 
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Million Solar Roofs Initiative 

In your recent UN speech, you aMounced that DOE will lead an effort to place one million solar 
energy systems on the roofs of buildings and homes across the US by the year 2010. This will be 
accomplished by using existing federal grants. procurement, and other programs. and by working 
with local communities, businesses, state governments. utilities, and other groups to spur the sales 
of solar energy systems. In 2010, this initiative. will avert emissions of carbon dioxide equivalent 
to those produced by 850,000 cars and will produce the same electrical generating capacity as 3-5 
coal-fired power plants. 

PCAST Energy R&D Panel 

In response to your request, the President's Council of Advisors on Science and Technology is 
conducting a comprehensive and strategic review of U.S. energy R&D policies and practices "to 
ensure the United States has a program that addresses its energy and environmentahleeds for the 
next century". The group is examining energy efficiency, fossil, nuclear (fission and fusion), and 
renewable energy programs and budgets across the Federal government. Their assessment, 
including recommended actions, is expected by October. 

Partnership for Advancing Technologies in Housing (PATH) 

Our plaMed PA TH initiative will have HUD, DOE, and NIST working with building suppliers, 
assemblers, insurance companies, and state and local regulators in an effort improve the quality of 
housing and meet ambitious environmental goals without increasing prices. Buildings are 
responsible for about a third of US greenhouse gas emissions (this total is rising) and 2/3 of US 
electricity consumption. 

DOE 's Industries of the Future Program 

. This is an industry/government partnership with the seven most energy-intensive U.S. industries, 
including chemicals. paper and pulp, steel, aluminum and petroleum. The program has reached 
technology agreements with each industry that focus the R&D expertise of our national labs on 
cutting energy use and pollution in each industry. 
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NATIONAL SURVEY 
FREQUENCIES - August 15, 1997 

'97 SEP 14 PM6:55 

Hello. My name is ___ . I'm calling long distance from ___ . We are conducting a 
public opinion survey and I would like to ask you some questions. We are not selling anything, 
and I won't ask you for a contribution or donation. 
Could I please speak with the {male/fe~e) 18 or older in your household who celebrated a 
birthday most recently? 

SEX OF RESPONDENT 
Male .. ..... ... ...... 48 
Female ... . .......... S2 

1. First, are you registered to vote at this address? [IF NO, ASK FORA FAMILY 
MEMBER WHO IS. · IF NONE, TERMINATE AND MARK TQl ON SAMPLE 
SHEET) 

2. How much, if anything, have you heard or read about the issue of global warming? Would 
you say you have heard a great deal, some, not too much or nothing at all about global 
warming? 

Great deal . . . . . . . . . . . . . . 2S 
some . ............... . . 46 
not too much . . . . . . . . . . . 21 
nothing at all . . . . . . . . . . . . 8 
don't know . . .. . ........ 0 

3. Generally speaking, how serious of a threat do you think global warming is today, very 
serious, somewhat serious, not too serious, or not serious at all -- or don't you have an 
opinion on this? 

very serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
somewhat serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
not too serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
not serious at all . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
don't know . . .. . .... . .. . . . ... . ... . . .. . . .. .... 14 

4. Twenty years from now, how serious of a threat do you think global wanning will be, very 
serious, somewhat serious, not too serious, or not serious at all -- or don't you have an 
opinion on this? 

very senous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 8 
somewhat serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
not too serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
not serious at all . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
don't know ... .. . ........... . ....... ...... .. . 22 
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5. Do you think that global wanning is an environmental problem that is happening now, do you 
think that global wanning will happen in the future, or do you think that global warming will 
not happen -- or don't you have an opinion on this? 

Happening now . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
will happen in future . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
will not happen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 
not sure/don't know . ....... . .. . .... .. .......... 16 

6. When cars, electric utilities [you-TILL-uh-teez] and some other industries bum oil, coal and 
gasoline they release carbon dioxide and other gases into the atmosphere. Some scientists say 
these gases trap heat in the atmosphere, causing the earth to warm. They say this makes the 
world hotter and increases the chances of all kinds of extreme weather. This effect is called 
global warming. Generally speaking, how serious of a threat do you think global warming is 
today, very serious, somewhat serious, not too serious, or not serious at all -- or don't you 
have an opinion on this? 

very serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
somewhat serious . ... .. . . . . . . . .. ... . . ..... . ... . 45 
not too serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
not serious at all . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
don't know . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 

7. And how serious of a threat do you think global warming will be in twenty years, very serious, 
somewhat serious, not too serious, or not serious at all -- or don't you have an opinion on 
this? 

very senous ........ .. .. ..... ... .. . .. .. ...... , 45 
somewhat serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
not too serious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
not serious at all . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
don't know ......... .. ..... . .... . .. ... . . . ... . 12 

8. It has been proposed that the nations of the world agree to reduce their carbon dioxide 
emissions by 20 percent by the year 2005 in order to significantly slow down the rate of global 
warming. Do you favor or oppose this proposal or don't you have an opinion on this? 
[IF FAVOR/OPPOSE, ASK:] Is that (favor/oppose) strongly or not so strongly? 

Strong favor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 S 72 
not strong favor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
undecided . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
not strong oppose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
strong oppose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 9 
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9. Which comes closest to your own view: 

[READ STATEMENTS/ROTA TE STATEMENTS A AND B] 

_ A. President Clinton should not take action on global warming 
because there are too many real problems that need attention 
right now . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

_B. President Clinton should take action on global warming now 
because the problem is only getting worse and we cannot afford 
to take a wait-and-see approach . . . ...... .. . . . .. . .. . . . 56 

[READ LAST) 
or don't you have an opinion on this? ..... . ... : . . ... . . 14 

10. Which of the following statements comes closest to your own point of view? 

[READ STATEMENTS/ROTATE STATEMENTS A AND BJ 
_ A. Stricter regulations on the emission of carbon dioxide from the use of 
oil, coal and gasoline would go too far, and hurt the economy and cost jobs . . . 18 

_ B. Stricter regulations on the emission of carbon dioxide from the use of 
oil, coal and gasoline will help stop global warming, protect our health and safety, 
create new jobs through new technologies and are worth the cost . . . . . . . . . . . 60 

[READ LAST) 
I'm not sure about this . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 



11. With whom do you agree more? 
[READ STATEMENTS/ROTATE STATEMENTS A AND B-BEGIN FIRST 
STATEMENT WITH "SOME" AND SECOND STATEMENT WITH "OTHER"] 
_ A. Some/Other people say that most scientist agree that global wanning is real and already 
happening. They say the only scientists who do not believe global wanning is happening are paid 
by big oil, coal and gasoline companies to find the results that will protect business interests, just 
like the tobacco industry scientists who said cigarettes don't cause cancer. 

_B. Other/Some people say that scientists disagree among themselves that global wanning is 
happening. They say there is no real evidence that carbon dioxide emissions from coal, oil and 
gasoline are causing global warming. 

With whom do you agree more, those who say global warming is happening or those who say 
global warming is not happening? [IF ANSWER GIVEN:) Do you agree strongly or not so 
strongly? 

12. 

13 . 

strongly happening . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
not so strongly happening . . . . . . . . . . . . . . . . . . . . . . . . 22 
Undecided/Don't Know/Not Sure ........ . ......... 9 
not so strongly NOT happening . . . . . . . . . . . . . . . . . . . . 8 
strongly NOT happening . . . . . . . . . . . . . . . . . . . . . . . . . 7 

If a candidate for political office spoke out in support of reducing the threat of global 
warming, would you think he was forward-thinking and speaking to a real problem or 
would you think he was too interested in environmental issues and ignoring bigger 
problems? 

Forward thinking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Ignoring bigger problems . . . . . . . . . . . . . . . '. . . . . . . . . 26 
Don't know . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

Let's say you agreed with a particular candidate on most issues and were of the same 
political party, however, that candidate voted against efforts to reduce the threat of global 
wanning. Would you be likely to vote for or against that candidate? 
[IF FOR OR AGAINST, ASK:] ls that very likely or somewhat likely to vote 
(for/against)? 

strongly for . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
somewhat for . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
somewhat against . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
strongly against . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
don't know . . .. . . . . . ......................... 22 



BEGIN SPLIT SAMPLE A 
I'm going to list some specific problems that some people say could happen as a result of global 
wanning. After each please tell me how concerned you would be about that particular item --
would it be one of the things that would concern you most~ would it make you feel very 
concerned, somewhat concerned, not too concerned or not concerned at all. If you are not sure 
how you feel about a particular item, please say 110 and we will go on. 

One of Very Swht Not too Not 
DlClSt concern C(lllccm conoem at all dk 

[ROTATE BA TIERY BY QUESTION Q.14-Q.21) 
14. the spread of infectious diseases . .. . .... . . . .. 19 51 14 7 6 3 -
15 . extinction of certain animal species like polar bears - --

and sea turtles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 38 28 10 9 2 

16. more extreme weather conditions such as drought, -
blizzards and hurricanes . . . . . . . . . . . . . . . . . . . . . . . . . 16 41 25 9 7 2 

- 17. melting of the polar ice caps and glaciers causing the 
sea level to rise and the flooding of coastal communities 13 39 26 11 8 2 

- 18. crop failures, food shortages and famine caused by 
droughts and floods .. . . .. . .. .. ... .... .. ... . . . .. 20 48 19 5 7 1 

19. longer and hotter heat waves leading to more -
heat related deaths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IS 38 29 9 7 2 

20. disruption of our fragile ecological [ echo-LODGE-ick-al] 
St balance threatening the web of life . . . . . . . . . . . . . . . . . . 14 42 26 5 8 4 ,. 

21. increased populations of pests and vermin, such -
as roaches, termites and rats . . . . . . . . . . . . . . . . . . . . . . IS 42 24 9 7 3 

22. destruction of natural habitats, including oceans and 
national parks like Glacier National Park and the 
Everglades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 46 23 6 7 1 

ASK LAST 
23 . increased incidences of asthma and other 

respiratory problems . . . . ...... . . . .. . .. ... .. ... . 19 43 25 7 5 2 

END SPLIT SAMPLE A. GO TO Q.34 



BEGIN SPLIT SAMPLE B 
I'm going to list some specific problems that some people say could happen as a result of global wanning. 
After each please tell me how likely you think that problem is to occur as a result of global warming -- is that 
problem almost certain to happen, very likely, somewhat likely, not too likely, or not likely at all to occur as a 
result a global warming? If you are not sure how you feel about a particular item, please say so and we will 
go on. 

Almst Very Smwt Not 100 Not at 
certain likely likely likely likely DK 

[ROTATE BA TIERY BY QUESTION Q.24-Q.32) 
_24. the spread of infectious diseases . . . . . . . . . . . . . 12 20 26 
_25. extinction of certain animal species like polar bears 

and sea turtles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 5 31 27 

_26. more extreme weather conditions such as drought, 
blizzards and hurricanes . . ....... . . . ... ... . .. . ... 22 32 25 

_ 27. melting of the polar ice caps and glaciers causing the 
sea level to rise and the flooding of coastal communities 19 30 28 

28 . crop failures, food shortages and famine caused by 
droughts and floods . ... ... . ... . .. . .. ... . . ... . . . 19 30 28 

29. longer and hotter heat waves leading to more 
heat related deaths ....... . .... . ... . . . . .. . . .. . .. 20 29 29 

3 0. disruption of our fragile ecological [ echo-LODGE-ick-al] 
balance threatening the web of life . . . ... .. . . . . .. . . . 17 30 27 

_3 1. increased populations of pests and vermin, such 
as roaches, termites and rats . . . . . . . . . . . . . . . . . . . . . . 12 21 23 

_32. destruction of natural habitats, including oceans and 
national parks like Glacier National Park and the 
Everglades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 3 1 25 

ASK LAST 
3 3. increased incidences of asthma and other 

respiratory problems . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 31 24 

END SPLIT SAMPL.E B. GO TO Q.34 

16 

12 

7 

12 

12 

11 

13 

17 

11 

to 

11 15 

8 7 

9 5 

8 4 

7 4 

7 3 

7 7 

10 17 

9 6 

7 11 



RESUME ASKING EVERYONE 
34. In trying to reduce the threat of global warming, do you think we should rely mainly on strict 

regulations to limit emissions of carbon dioxide, or do you think we should rely mainly on incentives 
that will cause the free market to discourage carbon dioxide pollution -- or don't you have an opinion 
on this? 
[IF ANSWER GIVEN: I Do feel that way strongly or not so strongly? 

Strongly regulations . . . . . . . . . . . . . . . . . . . . . . . 3 I 
Not so strongly regulations . . . . . . . . . . . . . . . . . 6 
Undecided . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Not so strongly free market . . . . . . . . . . . . . . . . . 9 
Strongly free market .. . ... .. .. . .... .. .. . . . 23 
dk . . . .. .... . . . . . . .. . .... . .. . . . .... .. . . 21 

3 5. Which comes closer to your own point of view: 

(READ STATEMENTS/ROTATE STATEMENTS A AND BJ 

_A. The technology already exists to solve many of the problems that 
cause global warming, but big businesses like the oil and auto 
industries are preventing them from reaching consumers because 
it is more profitable to keep things the way they are . . . . . . 52 

_ B. Solving the problems that cause global warming will mean developing 
new technologies to reduce our use of oil, coal and gasoline, which will 
cost billions of dollars . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
[READ LAST] 
or don't you have an opinion on this? . . . . . . . . . . . . . . . . 19 



Now I'm going to list some of the specific proposals that have been made to decrease the use of oil, coal, and 
gasoline in order to reduce the threat of global warming. For each item I read, please tell me if you favor or 
oppose each one. If you aren't sure how you feel about any specific item, just say so and we will go on. 
[FOLLOW ALL "FAVOR" OR "OPPOSE" WITH:) Do you strongly (FAVOR/OPPOSE) or only 
somewhat (FAVOR/OPPOSE) that? 

strong swhat swhat strong 

[ROTATE BY QUESTION Q.36-Q.49) 
SPLIT SAMPLE A 

favor fuvor oppose oppose DK 

_36. Increase taxes on gasoline by 50 cents a gallon 
to discourage the use of oil, coal and gasoline, and in 
exchange, give every taxpayer a $250 rebate on their 
income taxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

SPLIT SAMPLE B 
3 7. Increase taxes on gasoline by 7 5 cents a gallon 

to discourage the use of oil, coal and gasoline, and in 
exchange, give every taxpayer a $375 rebate on their 
income taxes . . . . .. . ... . •. . . . . . . . . . . . . . . . . . . . . . . . . . 11 

RESUME ASKING EVERYONE 
_ 38. Require companies to pay for the right to 
pollute at lower levels than they do now and use 
the money raised to develop new technologies that 
will reduce carbon dioxide emissions even further ......... 36 

_ 39. As part of the deregulation of the utility [you-TILL-uh-tee] 
industry, require utility companies to offer alternative energy services 
that are more efficient and environmentally clean, such as 

17 

14 

31 

solar and wind power .. .. ...... .. ..... . . .. . . ...... . . 54 28 

40. Establish a limit on the total amount of carbon dioxide 
pollution that can be emitted in the United States that is lower 
than current levels. Individual businesses would bid at a 
government auction for the rights to pollute. Businesses could 
buy and sell these pollution rights to one another on the free market. 
This would allow them to chose between reducing their carbon 
dioxide emissions or paying to continue to pollute . . . . . . . . . 12 17 

41 . Give cash incentives like tax credits and rebates to 
individual households that upgrade to more energy efficient 
appliances like refrigerators and air conditioners . . .. . .... . 59 

SPLIT SAMPLE A 
42. Cut military spending and earmark the money instead 

for research and development of alternative fuels and 
technologies ........... ... ... .. . . . .... . ....... . .. 22 
ROTATE ONTO NEXT PAGE 

26 

19 

12 46 to 

14 52 9 

11 16 7 

6 6 6 

15 42 14 

5 7 3 

20 32 7 



1trong .what 1what strong 
favor favor oppose oppose DK 

SPLIT SAMPLE B 
43 . Increase the tax on gasoline by 10 cents per gallon and 

earmark the money for research and development of alternative 
fuels and technologies . . . . . . . . . . . . . . . . . . . . ... ...... 25 

RESUME ASKING EVERYONE 
44. Have the United Nations establish a worldwide limit on 

carbon dioxide emissions that is lower than current levels. Each U.N. 
member country would be allocated the right to discharge a certain 
amount of carbon dioxide pollution. Countries could buy and sell 
these pollution rights to one another. This would allow them to 
chose between reducing their carbon dioxide emissions or paying 

23 

to continue to pollute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 20 

_ 45 . Provide tax incentive_s to utility [you-TILL-uh-tee] companies 
to encourage them to sell environmentally clean energy, such as 
solar and wind power, to consumers . . . .... . ........... 52 29 

46. Shift money from developing new highways and roads 
to building public transportation systems such as new bus routes 
and commuter railways .. .... . . .. . .... . ... .... .. .... 32 29 

47. Prevent countries from using U.S. foreign aid to build 
factories and power plants that emit excessive carbon dioxide 
pollution, and instead, use this foreign aid to help these 
countries build environmentally clean power plants and 
factories ............... . ........... . .. . .. ....... 49 

48 . Increase taxes on industrial energy use by S percent .. 22 

49. Require higher fuel efficiency and cleaner burning engines 
in all new cars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

26 

29 

22 

13 

17 

7 

14 

7 

14 

s 

36 

39 

8 

17 

11 

22 

6 

3 

12 

5 

9 

6 

13 

2 



Now I'm going to read you the same list of proposals again and this time I would like you to tell me, how 
effective you think each proposal would be in decreasing the use of oil, coal and gasoline in order to reduce 
the threat of global warming. Would it be one of the most effective things that could be done to decrease the 
use of oil, coal and gasoline in order to reduce the threat of global warming, very effective, somewhat 
effective, not too effective, or not at all effective? If you are not sure about a particular item. just say so and 
we will go on. 

(ROTATE BY QUESTIONS Q.S0-Q.63J 
SPLIT SAMPLE A 
_ SO. Increase taxes on gasoline by SO cents a gallon 
to discourage the use of oil, coal and gasoline, and in 
exchange, give every taxpayer a $250 rebate on their 

One 

ufmost 

income taxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

SPLIT SAMPLE B 
_ 51 . Increase taxes on gasoline by 75 cents a gallon 
to discourage the use of oil, coal and gasoline, and in 
exchange, give every taxpayer a $375 rebate on their 
income taxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

RESUME ASKING EVERYONE 
_ S2. Require companies to pay for the right to 
pollute at lower levels than they do now and use 
the money raised to develop new technologies that 
will reduce carbon dioxide emissions even further . . . . . . . . . 8 

_ 53 . As part of the deregulation of the utility [you-TILL-uh-tee] 
industry, require utility companies to offer alternative energy services 
that are more efficient and environmentally clean, such as 

very 

ctf 

11 

11 

20 

solar and wind power . ... .. .. .. ... . ........ . . ... ... . 11 36 

_ 54. Establish a limit on the total amount of carbon dioxide 
pollution that can be emitted in the United States that is lower 
than current levels. Individual businesses would bid at a 
government auction for the rights to pollute. Businesses could 
buy and sell these pollution rights to one another on the free market. 
This would allow them to chose between reducing their carbon 
dioxide emissions or paying to continue to pollute . . . . . . . . . 4 13 

_ 55 . Give cash incentives like tax credits and rebates to 
individual households that upgrade to more energy efficient 
appliances like refrigerators and air conditioners . . . . .. . ... 11 36 

SPLIT SAMPLE A 
_ 56. Cut military spending and earmark the money instead 
for research and development of alternative fuels and 
technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
ROTATE ONTO NEXT PAGE 

19 

awhat 

cff 

26 

27 

41 

38 

31 

37 

28 

not loo not at 

eff all DK 

22 30 6 

24 31 3 

12 13 6 

5 s 5 

18 26 8 

7 6 3 

18 26 5 



One very 1what not too not 11t 
Of mnst eff eff eff all DK 

SPLIT SAMPLE B 
_ S 7. Increase the tax on gasoline by 1 0 cents per gallon and 
eannark the money for research and development of alternative 
fuels and technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

RESUME ASKING EVERYONE 
58. Have the United Nations establish a worldwide limit on 

carbon dioxide emissions that is lower than current levels. Each 
member country would be allocated the right to discharge a certain 
amount of carbon dioxide pollution. Countries could buy and sell 
these pollution rights to one another. This would allow them to 
chose between reducing their carbon dioxide emissions or paying 

20 

to continue to pollute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 11 

59. Provide tax incentives to utility [you-TILL-uh-tee) companies 
to encourage them to sell environmentally clean energy, such as 
solar and wind power, to consumers . . ......... . .. . ... . 11 33 

60. Shift money from developing new highways and roads 
to building public transportation systems such as new bus routes 
and commuter railways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 23 

_61 . Prevent countries from using US foreign aid to build 
factories and power plants that emit excessive carbon dioxide 
pollution, and instead, use this foreign aid to help these 
countries build environmentally clean power plants and 
factories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

62. Increase taxes on industrial energy use by S percent . . 7 

_ 63. Require higher fuel efficiency and cleaner burning engines 
in all new cars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

31 

17 

44 

34 

28 

41 

34 

36 

36 

2S 

16 

19 

6 

14 

8 

17 

s 

21 

30 

s 

14 

9 

16 

s 

3 

8 

4 

s 

6 

7 

2 



SPLIT SAMPLE C 
64. How willing would you be to pay 5 dollars more per month to buy environmentally clean energy such 

as solar and wind power from your electric utility company in order to cut down on emissions of 
carbon dioxide and reduce the threat of global warming -- very willing, somewhat willing, somewhat 
unwilling or very unwilling or don't you have an opinion on this? 

very willing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
somewhat willing ...... .. ................. 36 
somewhat unwilling . . . . . . . . . . . . . . . . . . . . . . . S 
very unwilling . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
not sure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

END SPLIT SAMPLE C. GO TO Q.67 

SPLIT SAMPLE D 
65 . How willing would you be to pay 10 dollars more per month to buy environmentally clean energy 

such as solar and wind power from your electric utility company in order to cut down on emissions of 
carbon dioxide and reduce the threat of global warming -- very willing, somewhat willing, somewhat 
unwilling or very unwilling or don't you have an opinion on this? 

very willing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 8 
somewhat willing . .. ..... .. ..... ..... . .... 34 
somewhat unwilling . . . ......... . .......... 1 O 
very unwilling . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
not sure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

END SPLIT SAMPLE D. GO TO Q.67 

SPLIT SAMPLE E 
66. How willing would you be to pay 20 dollars more per month to buy environmentally clean energy 

such as solar and wind power from your electric utility company in order to cut down on 
emissions of carbon dioxide and reduce the threat of global warming -- very willing, somewhat 
willing, somewhat unwilling or very unwilling or don't you have an opinion on this? 

very willing . .. .. . ...... .. ... . . . .. .. . .... 25 
somewhat willing .. . ..... ... . .. ...... . ... . 36 
somewhat unwilling . . . . . . . . . . . . . . . . . . . . . . . 11 
very unwilling . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
not sure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

END SPLIT SAMPLE E. GO TO Q.67 

THANK YOU. THE REMAINING QUESTIONS ARE FOR STATISTICAL PURPOSES ONLY. 



lij 

RESUME ASKING EVERYONE 
67. Generally speaking, do you think of yourself as a Republican, a Democrat, an independent, or 

something else? 
(IF REPUBLICAN OR DEMOCRAT ASK: J Do you consider yourself a strong 
(Republican/Democrat) or a not so strong {Republican/Democrat)? 
[IF INDEPENDENT ASK:] Would you say that you lean more toward the Republicans or more toward 
the Democrats? 

strong Republican . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
not so strong Republican . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
indep. leans Republican . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
independent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I S 
indep. leans Democratic . .... . . ... . ... . .. . .. . ....... ... . . . . 7 
not so strong Democrat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
strong Democrat .· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
dk/na/other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

36 

38 

68. Do you consider yourself very liberal, somewhat liberal, moderate, somewhat conservative, very 

69. 

conservative or haven't you thought much about this? [IF MODERATE ASK:] Do you tend to 
lean toward the liberal or conservative side? 

very liberal ............. .. . .. ... .. ... . . . .. ... . ...... . .. . 9 
somewhat liberal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
moderate, leans liberal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
moderate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
moderate, leans conservative ......... . ........ . ..... . ... . ... 9 
somewhat conservative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
very conservative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
dk/na . ... . . . .. ... .. .. . ...... . .. ............. . . ....... 11 

What is your age? 

18-29 . ... . ... .. . . . . . .. .. . .. . .. ... . . .. .. ..... . ..... .. . 16 
30-39 . . . . ....... . . . .. ... . . .... . .... . ........ . ........ 19 
40-49 .. . . .. ..... .. ........... . ...... .. ... .. . . . . ...... 24 
50-S9 ..... . . . . .. •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
60+ .. .. . .. .. ... ............ . . . ... . ... . . .. .. ..... . . .. 24 
na ...... . . . . .. . ..... . . . . . .. .. .. . .. . .... ...... .. ...... 2 

70. What was the last level of schooling you completed? 
less than high school graduate . . . . . . . . . . . . . . . . . . . . . . . 4 
high school graduate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
some college . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
college graduate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
post graduate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
na . .. . .. .. .. . . . .. .. . .. . . .. . ... . ..... . .. .. . . 2 



71. Are you Hispanic or of Spanish descent? 
yes ......... . .............................. 7 
no ..... ... ................................. 90 
die .. ... ...... .......... ................. ... 3 

72. Are you black, white, Asian, or some other race? 
black . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
white .. .. ........ .. .... ... .. . . .. ............ 79 
Asian ....................................... 2 
other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
na .................. ... ........... · ......... 4 

73. Do you have children, 18 years old or younger living at home? 

Yes ........................................ 38 
No ................ . ....................... 61 
refused/NA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

74. How would you describe the area in which you live--Do you live in a city with over a million people. 
in a smaller city, in a suburban area outside a city, in a small town, or in a rural area? 

City ( 1 million+) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Smaller city . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Suburban area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Small town ........... . .... . ... . ......... ..... . .... .... 26 
Rural area . .. . .. . ....... . . . . .. . . ... . .... .. . .. .. .. .... . 20 
(Don't Know) ... ... .. .. . ..... . ..... ........ . .. ....... . .. I 

75. Is your job or that of anyone in your household dependent on the oil industry. chemical industry or 
auto industry ? 

yes . . . . .. . .... ........ . .. . .... .. . . . . ... ...... ... . ... . 19 
no . .. . ..... . . . .......... . ........... . ......... . .. . .. 80 
dk ........ . . . . ... . ... . .... . .. . .......... . . ...... ..... 1 

76. In which of the following ranges docs your family income fall? 

below $12,(X)() . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
12 to 20 thousand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
20 to 30 thousand ........... .. .................. 13 
30 to 40 thousand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
40 to 50 thousand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
50 to 75 thousand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
above 75 thousand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
na ......................................... 12 

77. What is your zip code? _______ _ 
That completes our public opinion survey. Thank you very much for your time and cooperation, and 
have a pleasant (day/evening). 
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LENGTH: 578 words 

HEADLINE: NAS: act now to reduce global warming; National Academy of Sciences 
report 

BYLINE: Walker, Tim 

BODY: 
Despite uncertainties in the science of predicting global climate change, 

the National Academy of Sciences (NAS) urges immediate action to curb 
greenhouse-gas emissions by reducing fossil-fuel consumption, promoting energy 
conservation, and improving solar and nuclear-energy technologies. For a very 
low cost, says NAS President Frank Press, the United States could reduce its 
greenhouse-gas emissions by 10 to 40 percent. 

According to White House Science Adviser D. Allan Bromley, the NAS 
recommendations "are very similar to actions already taken or being proposed by 
the Bush administration." Both Press and Bromley testified before the Senate 
Committee on Commerce, Science and Transportation last week. 

"The possibility of ecological disaster due to an increase in global 
temperature is sufficient reason to act now, ti Press warned. Outlining 
recommendations in "Policy Implications of Greenhouse Warming, ti an NAS report 
released April 10, he advocated a variety of low-cost steps aimed at reducing 
emissions of the major greenhouse gases -- carbon dioxide, methane, 
chlorofluorocarbons and nitrous oxide. 

For instance, the academy report recommends adopting nationwide 
energy-conserving changes in building codes for residential and commercial 
structures, boosting the average automobile-fuel efficiency 18 percent (to 32 
miles per gallon) and substituting compact fluorescent lights for incandescent 
bulbs in homes and businesses. 

Together, the measures described in the new report are designed to head off 
a predicted 1 degree to 5 degrees C increase in global temperature by the year 
2050, Press said. Enactment of these steps -- which the report estimates would 
cost between$ 4 billion and$ 30 billion -- could reduce the heat-trapping 
equivalent of 3. 6 billion metric tons of carbon dioxide emissions per year, or 
about one-third oflast year's U.S. greenhouse-gas emissions. 



However, the report cautions that even at reduced emission rates, total 
greenhouse gases might still increase if population and industrial activity 
increase faster than predicted. 

The NAS recommendations "parallel" actions specified in the President's 
National Energy Strategy released in February, Bromley testified. But committee 
member Sen. Albert Gore Jr. (D-Tenn.) disagreed, charging instead that many 
administration policies are "simply in opposition to the recommendations in this 
report." He warned Bromley that "history will judge the Bush administration 
harshly if its current inactivity on global warming continues." 

While the NAS report stopped short of calling for penalties and higher taxes 
for major producers of greenhouse gases -- which some European nations have 
imposed -- environmental groups generally approve of the new recommendations. 
"This report should remove any lingering doubts that more time is needed to 
study global warming before we act, 11 says William A. Nitze, president of 
Alliance to Save Energy. 

Though most environmental groups support the NAS report's call for increased 
funding for development of new renewable technologies, many also object to some 
of the report's higher-cost recommendations, including the replacement of most 
fossil-fueled power plants with a new generation oflightwater nuclear 
reactors now under development. 11We are strongly opposed to any effort that puts 
forth nuclear power as a panacea for the greenhouse effect," says Eileen Quinn 
of the Union of Concerned Scientists. 
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"The United States needs to realize that although unilateral actions can 
contribute significantly to the reduction of greenhouse gases ... national 
efforts alone would not be sufficient to eliminate the problem," the report 
said. 

Carbon dioxide, the principle greenhouse gas, is a waste produced mainly by 
burning gasoline, oil, coal and other carbon-based fuels. Thus, reducing the 
burning of these fuels can reduce the amount of carbon dioxide in the 
atmosphere. 

Other greenhouse gases include chlorofluorocarbons, or CFCs, which are used 
principally as refrigerants and in manufacturing, and halons, which are used in 
fire extinguishers. Methane, or natural gas, is another major greenhouse gas. 
It enters the atmosphere from agriculture practices, landfills, some types of 
natural decay and oil field leaks. 

LANGUAGE: ENGLISH 



September 10, 1997 

'97 SEP 10 PM12:51 

MEMORANDUM FOR: Todd Stem 

FROM: Susan L. Bassow s=_ ~ 
RE: National Academy of Science 1991 study, Policy Implications of Greenhouse 

Warming 

Here is the National Academy book from 1991 that you described on the phone. Peter 
Backlund and I scanned through it and concluded the following. 

We refer you to the table on page 59, and the discussion on page 105-106. 

To summarize, the NAS 1991 study concludes that the potential emissions reduction per 
year is 1200 million metric tons at a cost ofless than or equal to zero. That is a reduction 
of 26% of our CO2 emissions in 1990. Another 600 million metric tons can be reduced 
with a net benefit to low cost. 

US emissions of 
Potential emissions 

reduction 
carbon US emissions of CO2 

(million metric tons of (million metric (million metric tons of CO2 per 
CO2 equivalent per tons of C per year) 

year) 
year) 

1990 1237 4536 1200 

1995 1422 5214 

Keep in mind, that the NAS study may not be the most authoritative source. 

Susan Bassow 
6-6083 

Percent 
reduction 

26% 
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roucY lMPUC:itTJOfJS OF GRF.ENHrJlJSE WARMING 

Z ' I • 
E ns!ON REDIIC110lll lb11bn IIIM 00, a,qut .. ltlltJHt p11I 

FlOUll:Ei 6.4 Com11aison of mhigetion cp1ious u,ing 1echnologlc1I c:o!tliug attd 
energy modeling c1fc:ulatlons. 

Sot11tc£: Olaplcr J l o( fbe "Pot( of the Mitlg,1ion h11t>I. 

"100% lmplem.cntationJLow Cost" assun1es complelc ilnplementallon of each 
option (JOO percent lmplemc1t1ation) comblned wilb the low range of coll 
esUmaee. for lh11 01>tioa Oow co1t), This lino indicates t11c uppe1 bound 
that could be achie,·cd wi1J1 ell oplio111 shown, A comple,e anaJyai1 would 
cakolatt approprh1le impkmentalion rntcs for each option. n,at is beyond 
tbe scope o(thfs 1cudy. It sllould IJe realistic to acl1icyc e111i1tion reduction 
a11d eotl reaul11 mniewherc between lht t'N('l llne:!11 in Aaure 6.3. 

As poinl-=d ouc earlier io tllis cbnpter, 1ech11ologic11I cD!lin1 nnd energy 
modeling somethn~ yield diffUCIII rc1ul1s. For rhi• reuc,n, bolh 1.e P7e1eated 
in F1guie 6.4. nae Nl009'o tmplerna1cati0fl/Low Cost•• 1i1nCf ••~ci, lmplementDlio,v 
Higlt Cost .. curves Me tcpe11ed from Pl1ute 6.3, and dte ran,e typical of 
e11erJy madeling is 111bown. Aa c111 be se~n from Pigurc 6,4, tbe United 
S1ate11 1hould bo able lo achieve 1obstan1i1I redLlclion In grct.nJ1ouse gas 
cmis.sions 1.\f low coit, cir perh1ps cve11 a srunll l\et 1a,,lngs. 

IMPLEMENTING MITIGATION OPTIONS 

An array of 1,olicy ilurriunent11 of 1wo different types 11re avallahlc: rep­
lation and inct.ntive1. Re1l1lalory in~tru1nen111 m1nda1c acdc»n snd include 
conlral!I on c0n1umptl011 (ban11. q11otu. required product allrlbute.s), produc-
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lion (quotaa 011 products or substances), and factor~ in design. or produclion 
(efficiency, dmability, processes). lm:aitivc imttumtnts are designed to 
inOuenct decisions by in.di'tiduals and arganizations and include tuec.and 
subsidie, on prodlJCtion factors (cubcn lax, fi,el tax) Rnd on podeicts and 
other outputs {emi15ion taxes, product tHes). financi1l iaducemims {tax 
credits, subsidies). and tr&nrfenble emission ri&hts (tradablc cinissio~ rc­
ductioos. readable c.edits). 

Jn1erventlon1 at all level, ~uld effecdvcly .educe 1runhousc warming. 
For examprc, individuals could reduce energy co11sumption, recycle goods, 
aitd reduce oonsumptloa or dereteriou1 materials . Local so~c-mmcnts courd 
conttoJ emission, from buildinJI. lnnsporr C1eets, wasu, p1oceHin8 plants, 
and Jandfill dumps. Stale govcriunenls could rcalruclure electric utility 
prici11g structures uid stimulat~ a ntltt)' of efficiency incentive,. Nationol 
governments could pur~ue action in most of the policy ll'cas or relevance. 
l11tcrna1ional orga1tir.ation1 coutd ccorclinatc programs in "•tious part& or 
the world, manage transfers cf resoun:e.11 and technologies. and facUitale 
ucflange of monicoring and otltec- relevant data. 

The cbc,1ce or policy 1nstnlmeol depench on the objecti~e to be sen·ed. 
Al•houjh this analrsi, ofmhigalion options doel! nOl include 1H posdbilities, 
the pancr 1s hcipefol that ic doe$ identify the most promising options. Thii. 
analysis provides the beginninss of a structure and a process for ideneirying 
tl101c slrategics chat could Rppropriately mitiaate 1be prospect of greenhouse 
warmhtJ. 

CONCLUSIONS 

There is a poleittial to inexpensively ~uce or off5el greeohouae gn 
e1nissions in 11\e United Shtcs. In pirtieuJn. the maximum feasible poien­
tlal n:duction for tbe op1ioas labeled "oel b~fit91 and ''low cosl" hi Ttble 6.2 
to1als aliour lG billion tons {3.6 Gt) of CO2-equivalent emissions per year. 
(Here, 11~ ~Jsewhc1-e In the rcp<:1rt, tons are metrk) This is a liltle more than 
011e-thirrl of 1bc ta4al 1990 1tecnho111e aa emissions ht the Uniled States 
and repr~enrs an optimistic upper bound on what oould be adl leved using 
thc,e oplions. 

A lower boand can be estimated from Figure 6.4. Arbitrarily uiiing a 
ci,tcff'orbetwecn $1011td S20 per ton or_CO1-equlva1Cflt ~mi$.1ion reduclion 
would prod.:JL'C a le11c, uf' nbuut J Ot of CO,fcq11iY1len1 cmiuions ptr year, 
or a lit11e more than 10 pcroe1u of cmeDt greenhouse gas emissions in the 

•• _. Uu11ed States. 

1 f J ./ Thill an4lysis suage•~ lhal lhc Unltcll States cuuld redu" lt5 greenhouse 
;--1( go1 en1issioas by betwe~n 10 and 40 percent of the J99tl lc\'cl ar 11ery low 

cosl. Some red11ctiofls moy even be at • net savings if the proper po!iciel'! 
1 ore hnpfemcntcd. 
' 

~ . t_ 
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T ADLR A.-4 lii;timaced 1985 Olubnl Grecnbouwe Ous Etnission, rrom 
Hunm11 Activities 

·----·· ··· ---·-
Grccuhmue 0.aN CO1-a1uivaler11 
EmiHiDIL'l tM1fyr) !imi11ionS- (Mt/ye} 

- -- - ··· ·--~-----·----
CO: Bn1lr.. .. iollll 

Conn11erclal en ern ii.KOO JHJIOO {57t 
Tm1ic•l defotai~tlnu 2,600 2,600 (8) 
OIiier 41111 400 (I) 

TOTAL 21,800 21.800 {66) 

CH_. Emi•ioi~ 
fuel prc:idu-ction 60 1,300 (4) 
En1crlc fe1men1a1io11 10 '~~00 (.5) 

Rice c11ltiv ■tJon ltU 2.300 (1} 
L1J1d61ll; 30 600 (2) 
Tnipil:ld defomtarlon 20 ◄DO ()) 
01her JO ,oo (2) 

TOTAL 310 6,100 (20)• 

CFC-I J ,md CFC-J2 Utniuioaa 
TOTAL 0.6 l,lOO (UJ) 

Nf)Emisdona 
Coal cnn1tms1ion t 290 (>l) 
f'er1ili1.er u~e 1.5 4411 {l) 
011i11 pf c11ltlYAl1:d lan4 0.4 12U {>1) 
1'topical defo,esu1tinn 0.5 150 (>I) 
Fuel wood um:1 irul11~t1i11l l1 lornus U.2 61) {>0 
A1rkultun1l wutes 0.4 120 (>l) 

TOTAL 4 1,110 (4) 

"TOTAL 31,880 (IOC')) 
- ··-- ··--··--····· ·--····--··· ··- --····--·····---

.,C02·~11uivak111 cmlMl1mM arc enh:11l111etl from 1t,1: Orec:nhour.c G111 6mlui,m11 
c:nlu,nn by ui'ilng the £ulle>wing tnullip?iers: 

C°'i l 
CK~ 'll 
CfC-fl nud -12 MOU 
H10 290 

Sumbcn ht rwen1hc,e~ nr~ perceut1ie11 of tot11l. 
"Total doet not MIii\ due t<> roua.tfing ettors. 

NOTE: Mt/~r = mlllioia (1~ n1c1nc totll (t) p~ y~ar. All entries arc rounded t,e. 
CIUl5C tJ,e CXKt VAi UCII, arc ,-on1ro~n i~l. 

SOURCE: Alkt!~I frNn U.1. D*'\rtmem ofBnccy. 1990. Tl1c- lknmm1fr..r qJ Lt'IIIR· 
1~m, Gl1,l-1r7f Clinra~r C"tim,R~: A Prrfiml11m.v ,.,,f!nn,c1ll--Rf!rr1r111/ an l11tt!ro1~11,·y 
1,uk F,,,n. Sprlnifidd. "a.: N111io11al Ttthnlcal fnrnnn11tinn Service. 
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CO2 d1at wculd produce tbc &tme amount of forcing att'he 11ur(ace i~ caloo­
Jated. Tni1 is the CO2 equivalent for that .spectftc contefttTAlion of th~ 0tl1cr 
g~enh~e 3111. The respec(ive cosls per ton for differc11t options can then 
be compand directly. h is important to rec:ognhcc, hitwevcr, that 1l1csc • 
CLl1cula110111 allow c1NnJtar!M1n Qll]y or lnilial contrib11tio1u. They do not 
accc1unt for chRngea in energy-1mpping drcctivencsff over l11e various lire-
1imc1 of ll1esc gases in 1hc atmosphere. . 

J.5. Wlrat 111Jlf&11tin11 6prltJHJ art.nrotl cn.1t•1tfftcti~t? l 
7hc panel 11nks options tor retlucing grecrthousc aai cminlon1 o removing 
gree 111lou1e JJtsec r rom the atmosphere ac:cordin, to the: i r co. t-cfrtcti vcneu. 
Some of tbe1c option, have net aaving1 or very low net implfmenta1ion 
oo,t5 compared 1ootl1er investmcn1a , The optium; rallgc lrona net, 1111.vings ro 
moo: tha11 $100 per metric Ion or C01-equi,alcnt emissions ••o)dcd or re­
moved f,om die ttmosphcre. The most cost-dfccth·e mitigoticm bption11 11.re 
pte5cntc:d in Table A..5. i 
36. What ar~ tmmplts of option,. with laJ·gt pdttmiul to ,·rduu vr t9]}'stl 
~mbtfion1? ! 
The 10-cl.lHell aeoeogineeriug options ba\'C the polentiat of s~b6lantially 
.1tffecth11 atmospher[c concentrRtitm, c,f greenhouse gases. They hue the 
nbifit, tu screu iru:mniRJ ·sunlipt, slimulale uptake of C01 by.phut1l and 
011im11b in llu: ocieans, or remoYe CO2 from the atmosphere. · Although tl,ey 
11ppE:ar r~iblc, they require additional invc.~tigatfon because or their pot~n­
tia} caviromnental imp11~u. 

37. Hmv 11,uc·l1 ,wmfd it ,v.i, lo sia11ificantl1 rtrluc~ Clti-rmr U.S. Jll'UII• 

liu11,fe gai t111l11lons? 

It depends on the level of cmiHion reduclion desired ~nd oow il is done. 
The m05t ~t-~ffccti'we optfon5 are those tbal enltancc efficient use of en­
ergy: efficiency improvements 111 ligltlh1g and appli11ncei'I. white roof~ and 
paving tu e11bance reflcctlwity, and improvement in building and constrt1e-
tio11 prae1ices. . 

figure A.4 comp11es mitigation op1io11J11 111d Table A.S glve11 lhe panel's 
estimates of net CID~t 10d emission zed .. clions for ttvenl O{ltions. Jl must 
be emp~.si.ud tll11 lhe t11ble present, the panel's e11li1u1ea or the n1eu-Jn111m 
technical potential for nch option. The calculatio11 of cost•cffcc:tiveneis of 
ligllting efficleacy. ror elUlmpte, does nol consider whecher Che ,uppJy of 
lisltc llljlbs coultl meet Ifie dem111d wi111 curret11 produccloa capacities. Nor 
doc1 ii cDJ'ls!der tile lnde-off b~twcen expenditures on liaht bulbs ast<l on 
bcallh care, educarlon, or basic SMIier for low-income famllies . In addi­
ticm. 1 here i8 a dqer chomc •double CCJun tins." For eumple, in the atrea 

• of energy aupp(y bOlh rmcfc11r_ and 11atur11l gas eJ1ecgy OF!ions assume re-
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TABl.;E A.5 Compttrl1011 of Selected Milignlion Options hi the United Stares 

Miciptio11 Option 

Buildln, enesu crficicncy 
Veldcle cfficiHI:)' (no Reel dt1t11,e) 

fodu .. rl11I em:rgt· m11111g~mct1l 

TrA11spon11lon J)'s\em ma111aernent 
Pow-'r plan I lieu 1111e im1no,en.1ct11S 
LI ndflll JH coUectiOl! 
H&locnrbou-CfC' a,n,c rcdm•lion 
A1ricul1ure 
1'ert~tadcn 
B.kclric-ity •-?PIY 

• Nc11111plcmtt\t:a1{011 
Coif• 

NCI benefit 
Net benefit 
Net heftefit to low cost 
Hct bMCfiltD low cost 
Net benefit to low co11 
Low cnil 
Low CUSI 

Lnw COSI 

Low to moclcrRte cosi4 

Low to moderate cost' 

"Net beoeJi• = cos11ea than or eq,0111 •o :icro 

Putemiat Bml,1lon11 

Red,ctfon 
(I co, Ct(Ulval.eul 

,ier yea) 

900 mill101f 
300 mlillo1t 
500 mlHlun 
50ntlllion 
50 n,illiotL 

200 milllon 
1400 mill i otL 

200 an 1111 Oft 

200 1nilll01t 
1000 1nllll01t" 

Low CCKJ ,.. coli blitwceo .SJ air4 $9 pet ton cf CO1 equivalent 
Moder111e cost :::1 co.st betwtien. SlO and $99 per kin of CO2 equ.iv1lmt 
High C05l = co5l of SIOO f>r more per con of CO2 cquivaleiu 

'TI1ts "111u.i111u,n fe11sillle .. pOJential c11,iHion tttluc..1ion assumes JOO pcmcnt 
imrlemenlntioo nf eacll option in. rc■sonabfe applic1Uon1 and i1 ais Dp!lmildc .. upper 
l>numl" on cmiaslon reductions . 

• 'Thh tepencb, on .~ t1Cl1Lal itaplementatlo.n let.•el and is COLllfO\--CT'S;111. 111·1. 
teprclilCnl s a ■1tddle v ■lue of poMlblc nlcs.. 

"Some po1tloo1 do fall in low con, bul it ls nnl pouible co detennlnc the amouftl 
of rcdacrions 0b111imblt ■t 11ta1 cO!I. 

~he polentlaJ eul&Sion ml111:tlon for tfec:1rici1y •upply upti.t1111 Is nct111Uy 1100 
Mt col C(J\ln'l'!lent pc:t ) 'CRC, bUI 1000 Mt i• lltOWII here to remove the doubJe­
countlng effctl. 

NOTB: Here 11nd 1hrougbout this reporl, 100, •" metric. 

SOURCE: Chapter l I of die Mlli.gadnn Pa.nel report. 

pl11ceane11t of the 11ame conl-fircd power plantl, Table A.s. howc:vCJ. prc-
1enl11 only options thtt1 11¥old double cou1tti11g. finally, altl1oogb there is 
evldetlCC t1ut etliclcncy piupam~ can p11y, 1herc is no field evidence show-
1ng iUCccss widl pmgram, on the nuiss1ve 1calc susgestcd here. Thu1 there 
may be very (!,OOd rea1001 wily "neaalivc co5t optiom" on tl1e figure arc not 
hnplemenrcd todny. 

. The Uuited Stal~ ccubl ceducc i1, grceill1ou&e aas emissions by b&:.1wecn 
IO 1100 40 percent of the 199D 1eveli- nt low cost, or pemnps Ion.1c net 
aavh1g1, if proper poJides arc impkmenlecl. 
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FIGURE A.4 Cocnpa,ltoo of mitiplion options. Total potaitlal reduction of CO2-

cquh•aleul emits[t1111 it compami 10-lhe cast in dollan per 1011 ofC01 rcd~li.on. OplioM 
a~ rankcll rrom ltft 10 ri&hl ia .COj cmi11loA!l accordin1 to COit. Somr cpllous sb.ow 
the [Xm1bifit)' of rdoctions or C01 HtiuioM at• net savings. 

SOURCE: Chapt~r ll of the nport of the Mlti3a1iun Pllncl. 

ADAPTING TO .-\DlllTlONAL OREENIIOUSB WARMJNG 

Jtl. Will hum,m ,wd 1raturol 1ys1•1111 adapt without ,.uJlsra11c:tP 

fam,ers adju11 tbeiI crape and eulli 1r11ioD pr•cdces in 1cspbnse lo weatlsc:r 
p11.Uenis over time. Naturnl ecosystems alwu adapt lo changing· condition,. 
111e real issue is the Joie at which lwman 11nd 11111turai sy1lem1 will be able to 
aclju11. 

J9, Ar 111l1at 1¥11~1 L'Oll lmma11 a11tl 11t1t11rul SJ.stemi u.daj,1! 

Many ho.man !J1te1M have decision 11nd inve.1lmenl cycles lit• are shorter 
1han the thnc {n whicl1 imptcts of cUmaco ct'!ansc would 1Jccorf1e manifest. 
These 1ystems 1n Ille Uni1ed St111c1 should be able 10 adjust to cUinatc 
chmge wilhoat goveromen11l jntcrvenlio.n, 11 Jong as it is grl!fual amfln­
fcnuatian aboul lhc run of ~hange Is widely nvailable. This appliC$ to 
•rlcullurc:. c011nmc,c:inl fqrealf)'. 1111d inost or industry. lmlusttin1 sectors 
with exrremel)' long invc,nmrnt cycle.a (e.g., tramport 1yst~m1, utban infca­
structurc, and 1m1jor ilructuret and fa&:illtieli) or requiring tiigh voJumea of 
water may r_cq11Jrc apecia1 anention. Coaat111I utbau Aenlcme1us would be 
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PHONE NO. : 202 857 0666 

The 
Business Council 
for 
Sustainable 
Energy 

l 200 1 8th Street, N w 
Ninth Floor 
Washington, DC 20036 

Phone 202-785-0507 
Fax 202-785-0514 

TO: 

Fr: 

Date: 

Todd Stern 

Michael Marvin 
Llsa Jacobson 

Re11e11rch Nupporting 11 20% reduction in {jffQ emis~iom; d1rou~h 
use of energy efficiency, renewable energy 11n<.I improvements in 

energy production technologies or operations 

September Io, 1997 

"Although national and global estimates are uncertain, present day win-win 
opportunities have the potential to reduce energy consumption and allS(tciated 
emissions by at least .20%, 1md in manyR<:tor5 by as much as 40% or so -- all 
with a net savings in costs. Energy efficiency measures, fuel switching, and 
increasing use of renewable energy sources in rural areas are examples of win­
win options.n (pg. 9 of 47, on-line version) 

The quote Is from the Provisionul Draft of The World Bank Energy and Em1irunment 
Strategy Review, which was released for public comment on July 22, I QQ7. 

This draft report is "not for citation", but a bibliography is provided at the t,nd of the 
document. 

The draft report is available on line at http://geei.orweespaper.txt . A virtuul 
com1ultation at this web site is currently being conducted. 

Please call with any questions. Hope this Is helpt'l.11. 



Southeast: Climate Change Vulnerabilities and Impacts 

The Southeast is a complex region including wetlands, coastal zones, agricultural and forestry areas, and 
urban regions, and rapid population growth is already providing significant stresses on fragile regional 
ecosystems, making the Southeast vulnerable to climate change. For example, in 1870, the population of 
south Florida was about 100; currently, the same region, which includes Dade, Broward, and Palm Beach 
counties, has a population exceeding 5.2 million people. The Southeast has more than 50% of the country 's 
barrier islands and 85% of the nation's coastal wetlands, as well as more than 80% of the direct hits from 
hurricanes. The region provides our country with a variety of crops, fisheries, and wood products: 

• Fisheries, including shrimp and other shellfish, comprise a $1 billion annual business 
• Loblolly pine plantations and other forestry activities constitute a $XX industry 
• Oranges and other fruit trees constitute a $XX industry 

Much of the region's growth is in coastal areas, increasing the risk from frequently occurring extreme 
weather events. Hurricane Andrew in 1992 killed 58 people, and cost $30 billion, and Hurricane Fran in 
1996 killed 36 people, and cost at least $5 billion. Louisiana's Barrier Islands are vanishing. These islands 
shelter important coastal wetlands that serve as nurseries for many fish and shellfish. The Florida 
Everglades have already been significantly altered by human activities. Approximately half of the 
ecosystem has already been lost or severely altered in the past century due to drainage for agriculture and 
urban development, and nitrogen inputs from agricultural run-off. 

Likely Impacts 

• Extreme climate events. The Southeast is becoming increasingly vulnerable to extreme events 
including hurricanes, floods, drought, ice storms, heat waves, and tornadoes because of rapid 
population growth and development in vulnerable coastal locations. 

• Coastal areas. Sea level rise will intensify the coastal areas' vulnerability to storm surges and 
extreme events. Up to 1000 feet of Florida beach could be lost from a ?? rise in sea-level. 

• Water resources. The demand for water is beginning to exceed the available water supply, and 
competition for water uses is beginning to intensify. Climate variability and change exacerbate this 
competition for water. 

• Forestry. Forest production will be impacted by both shifts in temperature regimes, as well as 
precipitation, increasing the difficulty of forest management. There may be marked shifts in forest 
species composition. 

• Agriculture. Irrigation is not currently prevalent in southeastern agriculture, meaning that the area's 
agriculture systems are ill prepared for the more intense droughts expected from climate change. 

• Urban areas and human health. Climate variability and change, especially warmer temperatures , 
will exacerbate air quality problems. 

• Parks and public lands. Non-native and invasive species are problematic. Areas like the 
Everglades are already stressed by invasive species, and will further be hit with rising sea level. Up 
to a third of the park is vulnerable to sea-level rise of one foot. Much of the mangroves of the area 
are severely at risk from sea-level rise. 



Great Plains: Climate Change Vulnerabilities and Impacts 

The Great Plains states produce much of our nation's wheat and beef supplies, and are highly vulnerable in the 
face of the region' s frequently dry climate. The region is bounded on the west by the Rocky Mountains, on 
the north by Canada's southern border, on the south by the edge of the desert/scrub ecosystem, and on the east 
by the edge of the bluestem grassland area. The Great Plains include parts of 10 states (MT, ND, WY, SD, 
NE, CO, AR, NM, OK, and TX), occupy about one third of the landmass of the conterminous United States, 
and are home to 6.2 million inhabitants. 

Agriculture is the base of the economy in the Great Plains, despite the constraints of the dry and variable 
environment. Most of the farmers are wheat producers, but livestock operations are increasing. 

• Over 90% of the land in the Great Plains is in farms and ranches, and 75 % is cultivated. 
• The Great Plains states account for 51 % of the nation's wheat, 40% of its sorghum, 36% of its 

barley, 22 % of its cotton, 14 % of its oats, and 13 % of its com. 
• The region produces 40% of the nation's cattle . 

All sectors of life in the Great Plains are dependent on the very limited water supply in the region. Water 
shortages there are already a problem. Water sources in the area include rain; surface waters such as 
rivers, streams, and lakes primarily from snowmelt; and deep aquifers such as the Ogallala aquifer. 
Agricultural water needs often exceed rainfall, so irrigation water supplied from the deep aquifers is already 
common; however, overdraft of the Ogallala aquifer has already caused the water table to drop, a problem 
which could become even more severe in the future. 

Likely Impacts 

• Water shortages. As climate change leads to warmer conditions and an intensified hydrological 
system, the soils of the area are anticipated to further dry . The simultaneous drop in aquifer levels, 
greater run-off from extreme downpours, and shorter duration of snow cover will exacerbate the 
water problem in the region. The need for irrigation may rise while water supplies are 
simultaneously diminishing. 

• Water quality. There are already problems of salinization of water in the region, and climate 
change is anticipated to aggravate the problem. 

• Soil degradation and erosion. Soil fertility in many regions is declining, and increased intensity of 
farming may lead to even lower soil quality. Better soil tillage practices would simultaneously 
improve soil fertility, soil carbon storage capacity, and soil moisture holding capacity. 

• Disease and pest impacts on agriculture and cattle. Climate-stressed crops or cattle will be more 
vulnerable to pests; new pests and diseases may emerge. 

• Recreation, Wildlife and Fisheries. Riparian areas (prairie potholes) are extremely vulnerable to 
warmer and drier climate, and are intensively used by hunters, anglers, and birdwatchers. 

• Native species. Climate change will disrupt and stress ecosystems, providing opportunity for more 
pest weed invasions. Native species will face increasing levels of competition from introduced 
species, such as cheat grass, Japanese brome, Russian thistle, and leafy spurge. Economic losses 
from these invasives can be great: for example, in North Dakota alone, economic losses from the 
leafy spurge exceed $14 .4 million per year. 



Pacific Northwest: Climate Change Vulnerabilities and Impacts 

The dependence of the NW on a reliable supply of water creates a significant regional vulnerability to 
climate change. The availability of adequate water supplies is directly tied to the amount, timing, and 
type of regional precipitation (snow or rain). Model projections indicate that NW regional consequences 
of warming are likely to include changing patterns of precipitation and drought, changes in timing of 
runoff, and increased inundation of coastal areas (that are already subsiding in some cases) from sea-level 
rise. Such changes, and in particular the expected disruption of the regional water cycle, pose significant 
threats to NW ecosystems and economic activities; forests, freshwater ecosystems, agriculture, industrial 
processes, hydroelectric energy production, and urban centers all depend on adequate supplies of water. 

• Agriculture is critical to the regional economy. The NW leads the nation in potato and apple 
production, and over 50 additional crops are grown in significant quantities. 

• Commercial timberlands cover 36% of the region's land area, producing half of the nation's 
softwood lumber and plywood. 

• Hydroelectricity constitutes 14% of the energy consumed and about 60% of the energy generated 
in the region. 

Impacts in one sector may trigger subsequent changes across other sectors, impacting the quality and 
quantity of water available to other components of this highly integrated watershed. 

Likely Impacts 

• Peak runoff comes earlier in the spring because of more rain and less snow in the winter, and late 
winter to early spring flow is enhanced, increasing the chance of spring flooding. 

• There is reduced summer and early fall flow, particularly in west-side rivers (i.e., west of the 
Cascades Mountain range), due to the warmer and drier summer climate. Lower flows are 
detrimental to fisheries and threaten irrigation water supplies needed for agriculture. 

• In the Columbia River basin, there will likely be an overall decrease in annual run-off, with 
increased competition among hydropower production, fisheries protection, and irrigation needs. 

• Forests and rangelands face increased drought stress, pest outbreaks, and fires, along with shifts 
in forest zones and composition, and possible increases in blow-downs from wind storms. In 
addition to their economic and recreational importance, NW forests sequester more carbon per 
acre than any other ecosystem in the world. Loss of forest= loss of carbon sink. 

• Freshwater fisheries will be affected, with west-side salmon migration and spawning hurt by 
decreased summer and fall run-off and fish habitat and egg-smolt survival hurt by increased 
wintertime river flows. 

• The rate of coastal inundation and saltwater intrusion to freshwater ecosystems could be 
increased by sea-level rise. Olympia is already having drainage system problems and has 
incurred substantial mitigation costs from sea-wall construction to prevent flooding. 

• Coastal erosion, landslides and bluff failures are also major risks to ecosystems and urban 
centers, and coastal development. Eleven major delta's in the region have decreased by 78% in 
the recent past. Existing wetlands will disappear faster than new ones appear, leading to loss of 
coastal habitat for outmigrating salmon, spawning oceanic species, and mammals and seabirds. 



Alaska: Climate Change Vulnerabilities and Impacts 

Alaska's dependence on natural resources makes it highly vulnerable to climate change. Global warming 
is most pronounced in northern regions, and probable consequences include drying of Alaska's interior, 
inundation of fragile coastal delta areas, and, most seriously, melting of permafrost, which is already 
underway. The Fisheries, Petroleum, Forestry, and Tourism industries together make up?? of the 
Alaskan economy; all are likely to be significantly affected by climate change. 

• The value of Alaska fisheries in 1995 was over $1.4 billion, excluding processing. 
• Petroleum production and infrastructure taxes account for about 85% of state revenue. 
• 70% of US parklands are in Alaska, and tourism brings about?? to the state each year. 

The superficial assertion that warming of cold regions like Alaska is desirable ignores the fact that such 
regions face 100-200 years of severe ecological upheaval during the transition to a fundamentally 
different environment. Significant climate change has already occurred in Alaska. 

• Average temperatures have increased statewide, with summers in the interior becoming much 
warmer and drier (Fairbanks summer temperatures are increasing at a rate of J>C/100 years, 
while summer precipitation has decreased by 17% over the last 100 years). 

• Over the last ten years, the growing season has become longer at high latitudes ( 4~70° North). 
• Continuous permafrost has warmed 2 to 4°C over the last century, and all permafrost 

measurement sites in Alaska warmed between the mid-1980's and 1996. 

Likely impacts: 

• Continuation of Alaskan warming will lead to the disappearance of most discontinuous 
permafrost over the next 100 years. In the many cases the ground level can collapse by up to 5 
yards or more, leading to significant damages to ecosystems and human infrastructure. 

• Houses, roads, airports, military installations, pipelines, and any other facility built on ice-rich 
permafrost are at risk. Over $5 million has been spent over the last several years in a failed effort 
to reconstruct and maintain less than a mile of road near the University of Alaska Fairbanks. 

• Ecosystem effects include destruction of trees and caribou habitat; clogging of salmon spawning 
streams; reduction in forested areas; expansion of lakes and wetlands; and increased rates of 
coastal and riverbank erosion, slope instability, landslides and erosion. 

• The melting of permafrost and the wanning of tundra will lead to the release of carbon and 
methane deposits from the formerly frozen lands, which could make them an additional source of 
atmospheric greenhouse gases. 

• Forest impacts associated with warming and drying include increased damage from blow-downs, 
pest outbreaks in coastal forests, and drought-induced mortality, insect-caused mortality, and 
severe forest fires in the boreal forests. 

• Numerous low-lying coastal delta areas are threatened by erosion from increased runoff and 
inundation from a combination ofrising sea-level and storm surges made more severe by 
decreased sea-ice. Such disruption of coastal ecosystems could have severe consequences for 
animal habitats, and native settlements and subsistence activities. 



The Associated Press 

The materials in the AP file were compiled by The Associated Press. These 
materials may not be republished without the express written consent of The 
Associated Press. 

June 14, 1991, Fri4ay, AM cycle 

SECTION: Washington Dateline 

LENGTH: 749 words 

HEADLINE: Report Examines Ways of Reducing U.S. Effects on Global Warming 

BYLINE: By PAUL RECER, AP Science Writer 

DATELINE: WASHINGTON 

BODY: 
There are simple and relatively painless ways that the United S ates could 

reduce emissions of greenhouse gases nationwide by, about 40 ercent, the 
National Academy of Sciences said in a report Friday. 

The report said that actions such as switching to more efficient light l>u bs 
in homes and businesses, improving energy use in buiiaings and inaustry, and 
pliasmg out gas-guzzling cars would drop America's polluting gasei perfiaps by 40 
percent. 

"It is readily apparent that a significant reduction in 1990 emissions can be 
achieved at relatively low cost," said Thomas Lee, chairman of a committee that 
spent two years studying ways the nation could lower the risk of climate change 
due to global warming. 

Arthur H. Rosenfeld, a University of California, Berkeley, professor and one 
of the 19 co-authors of the report, said all of the measures could be 
accomplished with no change in the American life style and with little or no net 
cost. 

11 All of these investments will save you money and they save huge amounts of 
carbon dioxide," he said. 

Carbon dioxide and some other manmade gases set loose in the atmosphere are 
known to trap the sun's heat energy near the Earth, in much the same way as 
glass panes trap heat in a greenhouse. 



These gases have been increasing in the planet's atmosphere since the rise of 
the industrial age and many scientists now believe that the Earth can overheat 
if the trend continues. 

The scientists' study examined dozens of measures the country could follow to 
reduce greenhouse gases. The report puts the options into three categories based 
on their cost and their potential for reducing the target gases. 

Category 1, the cheapest approach, "are things that would have no impact on 
our life style," said Rosenfeld. Most of these measures center on reducing the 
demand for electricity and gasoline. 

Category 2 options include measures that are more expensive and could cause 
significant social or industrial changes. These include forced changes in 
transportation systems, such as reducing available inner city parking to cause 
greater use of mass transit by commuters; forced changes in agricultural 
practices; forced changes in auto design, and mandatory switching in the types 
of fuels used by industry and power companies. 

In category 3 are options that would either screen sunlight or increase the 
natural absorption of carbon dioxide. These include shading the Earth with space 
mirrors or fleets of balloons, or by shooting dust into the stratosphere with 
naval guns or rockets. To absorb more carbon dioxide, the committee said forests 
could be planted and nutrients dumped into the ocean to trigger a bloom of sea 
plants. 

"Although some of these proposals have an aura of science fiction, they do 
have a potentially hugh ability to mitigate against greenhouse warming," said 
Lee, a professor emeritus from Massachusetts Institute of Technology. Some of 
the category 3 measures, he said, could have dangerous side effects and "a great 
deal of research is needed before their feasibility can be fully understood." 

Lee said· "there is no single silver bullet" to avoid the risk of global 
warming for the planet, and he noted that the ultimate approach probably will 
include a mixture of the measures explored by the committee. 

He also said there remains a great deal of scientific uncertainty about how 
serious greenhouse warming will become and the U.S. response to the problem may 
be adjusted as more is learned about the phenomenon. 

The report said that although the United States is the world's largest 
producer of carbon dioxide and other greenhouse gases, the problem of global 
warming must be combatted by every nation. 

"The United States needs to realize that although unilateral actions can 



contribute significantly to the reduction of greenhouse gases ... national 
efforts alone would not be sufficient to eliminate the problem, 11 the report 
said. 

Carbon dioxide, the principle greenhouse gas, is a waste produced mainly by 
burning gasoline, oil, coal and other carbon-based fuels. Thus, reducing the 
burning of these fuels can reduce the amount of carbon dioxide in the 
atmosphere. 

Other greenhouse gases include chlorofluorocarbons, or CFCs, which are used 
principally as refrigerants and in manufacturing, and halons, which are used in 
fire extinguishers. Methane, or natural gas, is another major greenhouse gas. 
It enters the atmosphere from agriculture practices, landfills, some types of 
natural decay and oil field leaks. 

LANGUAGE: ENGLISH 



to: Todd Stem 

room: ___ date: August 5, 1997 

Todd, 

Department 
of the Treasury 

Office of the 
General Counsel 

'91 AUG 5 Pt-6 :2B 

Attached are the materials I mentioned to you over the weekend. I hope you find 
them helpful. 

Best to you and Jen. 

Neal 

Neal S. Wolin 
Deputy General Counsel 
Room3000 
Phone 622-0283 



July 3, 1997 

To: Treasury participants in climate change workgroups 

. From: 

Subject 

Jon Gruber, Deputy Assistant Secretary for Economic Policy 

Background material on global climate change 

Here is a selection of articles and briefing materials on the economics and science of climate • 
change. In each section. the first items summarize the issues, and should·be read first. For more 
material on any of the topics covered here, please contact Ray Squitieri of my staff at 622-1301 or 
on the LAN. 

The economics of climate change 

"Climate change issues brief," prepared by the Office of Economic Policy, 5/97. 

Articles from the Economist 

"Smoke," 4/8/95 
"Global wanning and cooling enthusiasm," 4/1/95 
"Stay cool," 4/1/95 
"Cool costing," 3/6/93 
"Whose world is it, anyway?" 5/30/92 

Articles on Keneral economic principles 

"A Framework for climate change policy," Michael Toman, Resources for the Future, spring 
1997. Guidelines for thinking about risks and rational policies. 

"Global Environmental Forces," Thomas C. Schelling, Energy: Production, Consumption, and 
Consequences, 1990. A look at climate change from the perspective of a century hence~ explains 
why international agreement is unlikely. 

"Reflections of the Economics of Climate Change," William D. Nordhaus, Journal of Economic 
Perspectives, fall 1993. A comparison of benefits and costs of greenhouse gas abatement. 

The Science of Qimate Change 

"Global wanning: what we know and what we don't know," briefing by Dan Albritton. NOAA. 
1996; concise illustrated summary. 



"Greenhouse gases," briefing by Bob Watson, OSTP for 6/93 White House Conference on 
Climate; summary of scientific issues. 

[ untitled], briefing by Rosina Bierbaum, OSTP, 1997; relation between greenhouse gas emissions 
and concentrations. 

Appendix: economic models of the costs of climate controls 

"Assessing the cost of greenhouse abatement," Ray Squitieri, Regulation, fall 1992; description of 
different schools of climate models. 

"A Review of mitigation cost studies," (summary and graphs) J.-C. Hourcade et al., Chapter 9 in 
Climate Change 1995-Economic and Social Dimensions of Climate Change, Intergovernmental 
Panel on Climate Change (IPCC}, 1996; detailed results. 



Climate Cha_nge 
Issues Brief 

May, 1997 
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Evidence of Climate Change 

• During the 20th century: 
Average surface temperature has 
increased by one-quarter to one­
half degree C. 

Sea level has risen 4 to IO i nchcs. 

• What causes warm·ing? 

5/7/97 

Natural greenhouse gases (GHGs) 
trap heat from sunlight 

Without these gases, the earth's 
temperature would average only 5 
degrees F. 

Concentrations of GI-IGs 
increasing because of human 
activities, chiefly burning fossil 
f ucls. 
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Prospects for Future Warming 

• CO2 concentration levels in the 
earth's atmosphere are now 30 1.(,511 

percent higher than pre-industrial 
1,.175 

levels. 

Predicted to rise to almost 3 ti1nes 
1.100 

• 
pre-industrial levels toward the end e 1125 a. 

a. 

of the 21st century and continue to S'ill 

rise thereafter. 
275 

() 
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Effects of Warming 

• Sea level is expected to rise about 
20 inches in the next century. 

Along Atlantic and Gulf Coasts, 
this could inundate about 5000 
square miles of dry land and an 
additional 4000 miles of wetland. 

- Changes in water resources would 
occur, including runoff and the 
frequency and intensity of floods 
and droughts. 

- Some places would becon1e wetter. 
some dryer. 

• US growing zones would move 
northward. 

• Some argue tropical diseases would 
spread. 
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History of International Negotiations 

• 1992 Rio Conference voluntary target: 1990 emissions 
levels by the year 2000. 
- Most countries will not achieve target. 

- Britain, Russia, Germany can due to economic & political changes. 

- Developing countries not required to reduce emissions. • > ,\ ll. ft~ 
• • tv 'J.)~ 

• Kyoto, December 1997: Measures for "medium term", J 
2010-2020 ~~-~) 7_ 

• U.S. Proposals for Kyoto: 
_ : Legally-binding targets and timetables 

- Flexibility: trading among nations 
•• ·-. - Inclusion of developing nations (t/1oug/1 no targets). 

5/7/97 4 



Stabilizing emissions won't stop global warming. 
CO2 concentrations would continue to rise. 

• To stabilize concentrations, 
emissiions must eventually drop 2s -r-----------~ 

well below current levels. 

• Issue is timing 
Deferring reductions lowers costs 
by allowing normal retirement of 
old capital and time to finish further 
projects; 

But early action enhances credibility 
with other nations 

• A least-cost path to stabilize 
concentrations at twice pre­
industrial levels would allow 
emis·sions to rise now, faU to 50% of • • 
-1 990 later. 
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Both developed and developing 
nations are critical. 

• Emissions gro,ving much m·ore 
rapidly in de'veloping countries, 
primarily due to population growth. 

• D~veloping nations will account 
for more than half of all 
emissions by 2035. 

• But developed countries may 
have to act first to establish 
credibility. 

• Developing nations thus far 
unwilling to commit to specific 

-emissions targets. 
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Issues for Decision 

• What targets/timetables should be proposed internationally? 

• When? 

·• Must agreement be tied to: 

- Future action by developing nations? 

- Emissions trading rights among developed nations? • 

- "Joint implementation" purchase of rights from developing 
nations? 

• • What steps can/should be taken domesticaUy? When? 

- Emissions regulation (tradable licenses) 

- Transition assistance for coal industry, workers, et al. 

- More funding of R&D 

5/7/97 · 7 



Targets & Timetables 

• Rio (voluntary): 1990 levels by 2000 

• Possible Kyoto Approaches 

- Cut below 1990 levels by 2010 (EU: 85%-90%) 

- Stabilize at 1990 levels by 2010, cut further later 

- Stabilize by 2020, cut further later 

5/7/97 8 



Domestic Economic Effects 
of Stabilization· to 1990 Levels by 2010 

• Would be achieved largely by shifting from coal to natural gas. Could 
cut coal consumption by a third. 

• Increase in electricity costs perhaps 16% on average, twice that in 
Northeast. 

• Employment losses in coal mining, especially in the East 

• If applied to petroleum, equivalent to about 25¢ per gallon. 

• Could reduce GDP perhaps 0.5% to 1.0 % if the policy were 
• implemented efficiently, could be 2% or more otherwise. 

5/7/97 

- Economic effects offset if emissions licenses were auctioned, and 
revenues used to cut marginal tax rates on business. 

- If international .trading permitted, then domestic dislocations 
would be smaller, but international cash flows could be large. 

9 



US Implementation of 
Emissions Limits· 

All approaches problematic . 
• "Cap and trade" of emissions rights cuts emissions at least cost, but 

requires decisions about whether to auction permits or allocate them to current 
users. 

• "Emissions Trading" with other developed countries could reduce 
costs substantially, but would involve transfer of billions of$ to Russia 
and other transition economies now, and set a precedent for even larger 
transfers to China, India and other developed countries in the future. 

• "Joint implementation" if ever agreed could involve large cash 
transfers to developing countries even before they commit to limits of 
their own. Would also need ways to police emissions in LDCs. 

• Some economists propose "carbon t~x." Administration has opposed. 

5/7/97 10 



Alternatives t_o Emissions Targets 

• Some nations have proposed common control policies, rather than 
common emissions targets. 

• Administration has opposed consideration of internationally 
coordinated emissions policies, due to concerns about, e.g.: 
- carbon or other taxes, 

- coordinated efficiency "standards" ( e.g., auto CAFE standards, 
appliances). 

• ·some economists argue strongly that the emissions cap & trade 
• approach c~not be policed and will involved unacceptably large cash 

transfers; that some set of coordinated policies has a better chance of 
success. 

5/7/97 11 



Budgetary Issues: R&D Funding 

• Climate Change Action Plan includes over 40 "actions" to spur energy 
conservation by ·promoting existing, cost-effective technologies. 
- Examples include use of "green" (fluorescent) lights, energy-efficient 

new-home construction, parking "cashout," etc. 

• CCAP has been funded below Administration proposals ($505 million 
over FY 1995 to FY 1997 v. administration request of$985 million). 

• Proponents claim that CCAP will dramatically reduce fossil energy use. 
This is unlikely. 

• · R&D and technology transfer efforts are an alternative means of 
encouraging international action. 

5/7/97 12 



Timing Issues 

• 1997: G7 in June; Kyoto negotiations in fall · 

• If agreement in Kyoto 

5/7/97 

- Treaty ratification 

- Negotiation of implementation agreements (e.g., 
.emissions trading, compliance) 

- Congressional approval of both treaty and 
implementing legislation 

13 
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early 2 . when a youna chief is killed, an­
other ~ -,1115 up to ta1re his place. One lad­
ing com.-,ander, Djamd Zitouni, is llid to 
have been lulled in the fiahtinl at Ain 
Defla-150 kilometres (95 miles ) south-west 
of Altim-last month. 1he anny h&s not yet 
given its venion of that battle., which luted 
about ten mys and was on a ale not previ­
ously seen in Algeria's three yun of near­
war. One account Sl)'S chat the GIA was 
holdint a confucncc at Ain Ddla when tbe 
anny, given a tip-off, swooped, killing hun­
dreds ex rebels. Other repons talk of an 
anny mutiny. All that is cenain is lhat a loc 
of people are dead. 

Climate change 

Smoke 
....... 
HYPOCRISY is nothing new in interna­

tional politics. But when the topic is 
&lobal wannin&, the ability of governments 
to say one thing and do another is, let's say, 
breath-takine. AJ the Berlin climate-chance 
summiturs waffled on this week, official 
delegations held ex>untlcss press confer­
ences proclaiminc how worried their iov­
ernments wen that the accumulation of 
greenhouse cases could lead to c:a .. e. 
At countless cl05Cd meetinas, each country 
then refused to do anythinc much about it. 

With c:arbon~sed fuels supplying ~ 
of world energy, aovcrnments have eood 
reason to delay dramatic effons to cut the 
output of carbon dimide. "It would play 
havoc with our economy," said an Indian 
diplomat. But ratherthanopenlydebatethe 
c:ostS, most countries dKR instead 10 make 
wild demands that others bear them. 

Rich countries are committed to stabilis­
ing their greenhouse output by 1000 at 1990 
levels. Before goinc any funher, said many 
of the rich-notably the United States-they 
wanted poorcountries(which arc now com• 
mitted to nothing at all) to show some will­
ingness 100. The poor said No.11lcydo not 
want to hold bade. their economic growth 10 
solve a problem which they-so far-have 
not done much to cause. Instead they called 
for erand new commitments from the rich: 
a 60\\ cut in output over the next 30 yars 
was one idea. 

By Thursday the world's environment 
ministen were still haalinC, Al best the 
Nmmit looked likely to notch up a fflQ8ft 
achievement: an acreement to stan nccoti­
atinc a new set of taf1etS. Green lobbyists 
t)umly admined they must now led ahad 
tafuture summits. 

For them, and for many dewlopin1 
countries, the villain of Berlin was the "car­
bon club", the t~ they i.- to dacribc the 
oil and coal lobby. lbe Amc.rian ddeca­
tion, c:mnplained one Asian diplomat, was 
bcint lobbied by "\lery sinister mafiosi". 
Certainly OPlC countries did their best to 
obs1Nct necc,tiations. 

Yet Berlin also saw the GMf1ence cl 
strona business pressure in &wur of curt>­
int creenhouse pses. "There is a powerful 
lobby on the other side," pointed out one 
Latin American diplomat. ·And it's WI)', 
wry effective". Insurance firms, for exam­
ple., came to Berlin to live waminC that they 
could be bankNpted ifalobal warming led 
tO a String of natural disasters. 

RencwablHncrtY finns also stand to 
win from reeulations on arecnhouse pscs. 
The conference centre was dotted with 
stands demonstratint solar entflY, ps 
power plants and cwn the use of vctetable 
oils to Nn encines. The Business Cou~il 
for a Sustainable Enef1Y Future, an Ameri­
can lobby croup demandint touch action 
on climate chance, launched a European 
olf-sh00t at the con=nce. Even ,ome oil 
companies arc divided about which side to 
take on lhe climate debate: new ta,aets 
would hun their oil business, but could 
boost demand for natural ps. 

Even this encouraeement for the erccns 
has its smoky linina. Most non-pollutina 
energy sources Still cos, more than carbon 
fuels. Don't wait for ac,vcmments to o~r to 
subsidise the difference. 

Venezuela 

Cockroach king 
UIACAI 

RAFAEL CALDERA, Venezuela's prai­
dent, has a good record u a democrat. 

He helped to found Copei, one of the two 
bi& parties that alternated in power for 
ntOR than 1hrec decides, and became the 
country's president. When scandals, cor­
ruption and failed coup5 had discredited 
the established panies. he murfac:ed in 
1993, still spry It thcatc of 77, U one of the 
n politicians whose inteari'Y was not 
questioned. He built a coalition « small 
parties known as dun,,e,os, coduoaches, 
which propelled him into office acain. 

He has been doina some undemocratic 
thin15 of late, however. Soon after he toOk 
office early last year, Mr Caldera suspended 
economic freedoms enshrined in the con-

.. ,ro,1.,ce,1 with ,.,.1 .. 1011 of co,vrltht -•r . r .. rt'-r re,roi1.,ction prohl~lte.i . 

Caldera: a record lfflirdled 

Stitution--tcmporarily", he said, to set the 
economy right. He then began a crackdown 
on •hoarders and spmilators". When C.On• 
eras in July voted to restore most of these 
rightS, he OYmUled i1. Critics of his govern­
ment, from left and richt, have had late• 
nicht visits from security men to discuss ac• 
tivitia th,i Mdestabilisc democracy". Now 
the opposition panics are asain call int for a 
restoration of civil fiudoms-and acain 
they are ceninc nowhere. 

One vietim of this anitude has been the 
press. lberc is no explicit censorship. Bui 
journalists complain of "a climate of fur" 
in which they arc afraid to publish direct 
criticism of Mr Caldera. Instead, they more 
oflcn publish critical headlines, but cite 
someone elx as the sourc.e, from foreign 
newspapers to obscure research reports. 

President C".aldera holds all the cards. 
For a stan he is widely popular. The suspen­
sion of constitutional righrs &ivc:s the gov­
ernment broad powers to search and Stiz.e 
as.sctS. Foreign-achangc c:onrrols mean it 
can limit purchases of newsprint (all im­
poncd), equipment and spare pans. On 
top, it recently toughened the n:quirementS 
for qualification u a journalist-and the 
penalties for working as a reponer without 
the right credentials arc ,cvcrc. 

Why docs Mr Caldera do it? He has 
taken to c.allint his c:ritia traitors. and 
claims there is a conspiracy among foreign 
investors. foreian journalists and once­
powerful Venezuelans to brina his l(Mm• 
ment down. The country has in fact faced 
two attempted coups in recent yun. Yet 
Huec> O\ava. the army officer behind 
them, is out of jail-thanks to an amnesty 
granted by Mr Caldera-and busy foment­
int more trouble. Pffllaps the pen really is 
more to be feared than the submachinecun. 
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Global warming arid 
cooling enthusiasm 

HAS the treat gl~l-warmin& bubble 
burst? The 1992 "Eanh summit" in 

Rio, at which the world committed itself to 
avoid the threat that is said to overhang it, 
was conducted in a spirit of zeal. The &lobe 
had just experienced some of the warmest 
years on record. In many countries voters 
were flush with green idealism. Politicians 
made eaeer promises about curbing green­
house gases. This week, as politicians, bu­
reaucrats and the ever-irowin& frinee of 
non-governmental organisations gathered 
in Berlin for the second summit on climate 
chance. reality sent a chill breeze throue}t 
their deliberations. 

Talks on the global climate are now vis­
cous with regional politics and national 
self.interest. For all its output of warm guff, 
the conference was expected, It best, to thaw 
out only a few of the problems. Too much is 
at stake. and quite difKrcnt things for differ­
ent countries. Broadly, these : 
• Small island states. The threat of global 
warming terrifies a eroup ofJ0 Canbbe.an, 
Indian Ocean and Pacific islands. They fear 
it would lead to a risin1 sea level that would 
flood low-lying areas, and might over­
whelm some of them, such as the Maldives. 
altogether. This eroup wants the rich coun­
tries to promise 10 reduce their carbon-diox­
ide emissions by at least 20% from 
1990 levels by 2005. Fat chance. 
The rich countries promised at 
Rio to stabilise at the 1990 level by 
2000. Most arc unlikelytoachicvc , 
even that. " 

Hot air 
C.,00,. dlome emilllons. 
tonNSbn 
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bilisin& emissions, the omens are poor. Vot­
ers arc more concerned about jobs than the 
environment. So eovemmcnts have taken 
few cOStly measures. America, Canada, and 
the European Union (Eu) admit that, on 
current trends, they will not reach their 
targets. 

At Rio, the tu was the world's most 
forceful advocate of strong targets. Since 
then sundry propostd EU policies to reduce 
emissions-a carbon tax, for instance-have 
been piecon-holcd. Those EU countries 
likely to meet their targets, such as Britain 

• 
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and Germany, will probably do so by acci­
dent. t,;nification has killed off antique 
coal-burning industries in eastern Ger· 
many. Britain has shut most of its coal 
mines 10 save taxpayers· money, not the 
world's environment. 

Unable to keep their promises, rich 
countries have reacted in three ways. First. 
they have squabbled Oller definitions. For 
example, should countries be allowed to 
meet their targets by, say, plantin& forests, 
which would absorb carbon dioxide? The 
United States, with plenty of space to do it 
in, says )'CS. So docs New u.aland. More 
crowded countries disa9ree. Some countries 
have adjusted their targcts, arguing that 
1990 was an unusual year. Others want to 
exclude emissions from ccnain sources, fur 
instance aircraft fuel. 

Second, many rich countries have 
pushed the idea of "joint implementation". 
This would allow them to pay for emission• 
reducing projects in poor countries-pollu­
tion control or indeed tree-planting, say­
and then to count the reductions against 
their own targets. This would save them 
money: the marginal cOSt of reducina emis­
sions in poor countries it low. But many­
not all-poor countries oppose the idea, ar­
guine that would merely allow rich coun­
tries to avoid tough action at home. 

Third, and most imponant, rich coun­
tries have begun 10 ask why they should 
make any effon against elobal warming 
when poor ones have committed them­
selves to nothing. Indeed, by 2010. carbon­
dioxide emissions from developing coun· 
tries will probably be more than the rich 

~ 
world's output. Fifry years hence, 
coal-burning by economic giants 
such as China and India could 
make todav's rich world em 1s· 
sions look insignificant. 

• OPEC. This is the group most 
vehemently opposed to action on 
climate chanee. The economics of 
many OPEC countries have al­
ready been badly hit by low oil 
prices. If their industrialised cus­
tomers commit themselves to fur­
ther reductions in grcenhousc-aas 
emissions, demand for oil and gas 
will fall. Grun groups suspect that 
Saudi Arabia ratified the Rio 
treaty only in order to disrupt nc• 
gotiations. "Whatevcr's on the ta• 
ble, they say no," says one 

\ ( 
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• Poor countries. The mere sua· 
ec,tion that the third world 
should make any commitments is 
a "diplomatic de.ad end", says 
one green activiSt. It argues that 
tht rich have contributed most to 
erecnhousc-aas emissions so far, 
and should therefore sufKr the 
mosT pain. ·we take elobal warm­
inc seriously", says one Asian dip­
lomat. "But we arc disillusioned 
by the way it is being handled by 
the developed world." 

diplomat. 
• Rich countries. Although indus• 
1rialised countries Still have five 
years left 10 meet theirtarget of sta· 
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However, the poor can smell 
money in the climate-change ne• 
gotiations. If the rich world wants 
them to reduce emissions, they ar­
gue, let it both pay the eost and 
provide them with non-polluting 
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technologies. ··we are talking aoout a huge. 
huge transf-cr of resources," says one Latin 
Amencar: climate-negotiator. Really? The 
rich arc not. Few are ready to supply new 
rechnologics for free. And the Global Envi­
ronment Fund-the body which distributes 
money to poor countries-has so far re­
ceived pledaes ofonly around S.2 billion for 
1994•9?; enough, maybe, to pay for the poor 
10 find out what they are emitting anyway. 

Some poor countries see "joint imple­
men tation" as a way to draw in rich-world 
investment. Chile, Costa Ric.a and Pakistan 
have all signed agreemen!S with the United 
States. Othen are playinc hard 10 ect. Art 
Asian diplomat reclc.ons that his country 
will earn a higher price for this son of pro­
ject if it delays agreement until 1999. By that 
time, he reasons, rich countries will be des• 
perarc for ways to fulfil their Rio tafiets. Pos· 
siblv; but in collaboration with whom? 
Those whose claim to take a thrut seriously 
docs not include doin1 anything about it? 

South Africa 

Fighting Winnie 
J0"4AIOIUIVIIG 

IS SHE finished? Or on the way to the top? 
Winnie Mandela certainly felt her dis­

missal from the cabinet on March 27th as a 
personal blow. But the loss of her post as 
deputy minister of culture, science and tech­
nology, for defying President Nelson 
Mandela and criticisine the eovemmcnt of 
which she was part, does not end her long 
politic.al career. It may help her. 

In her nine months of office, M~ 
Mandela more than once a(Cused the 1ov-

Never undensrimate her 

e:-nment and fellow African Sanor.al Con­
gress (ANC) memben of being less con­
cerned to assuage black grievances than 
white IMictics. She attacked their eaecmess 
to make a deal wi!h the white establishment 
and to "sleep between silk sheets". She her­
self, her critics remark, indulecs a taste for 
fine clothes and e>,pensive cars. But that 
dots not seem to diminish her popularity 
with the black electorate. And now she can 
freely make· her populist rhetoric the focus 
ofacampaien. 

At the ANC's national conference in De­
cember, she came fifth in the VOte for the ex· 
eeutive, after the election of key office hold­
en including Mr Mandela himself and his 
deputy-in the pany as in the nation­
Thabo Mbeki. Other populists too did well. 
Bantu Holomisa, formerly military ruler~ 
Transkei, topped the poll; Peter Mokaba, 
past president of the ANC Youth ·wauc, 
came third; Harry Gwala, a fiery Stalinist 
from Natal, ninth. If the populists hold ~ 
gcthcr. they could create grave difficulties 
iorthe present ANC leadership. 

Mn Mandela has always been a fighter, 
against white rule in the past, recently 
against her foes-the "cabal" as she labels 

• them-within the ANC. By late 1992 she ap­
pared to have lost. She had been found 
guilty in 1991 of involvement in the kidnap­
pine of a black youth later murdered by one 
of her bodyguards. Mr Mandela in April 
1992 announced that hund his wife were to 
separate. She resigned as head of the ANC 
social-welfare department and, in ~ptem­
ber 1992 was pushed from all her ANC posi· 
tions, after the publication of a love letter re­
poncdly written to her b),· her dashing 
youne number two in the department. Yet 
by December 1993 she was back. elected to 
the presidency of the ANCWomen's League, 

a vic:ory that i:Jaranu:ed he: a stat in parlia• 
ment and a post in the future elected gov­
ernment. 

Can she now stage another spectacular 
recovc:-v and re-emerge as a serious con­
tender lor the presidency after Mr Mandela. 
who is now 76, is gone? Some think so. Yet 
her main potential is probably as a baclter­
or ~er-not a candidate. for there is a 
new. pcmaps decisive, factor in the c.alcula­
tion. In the past. Mr Mandela has either 
stood by his wife (during the crisis OWi' the 
kidnapping) or remained publicly neutral 
(after their separation~ Now he has dis­
owned her politically. She cannot claim 
that her only critics are the Mcabal". 

The ANC and its allies-the Communist 
Pany, the Congress of South African Trade 
Unions and the South African National 
Civic Organisation-have rallied around 
Mr Mandela. promisine "unequivocal sup­
pon". i,ien the ANC Women 's Lea9ue has 
acknowledged his right to dismiss his cs· 
traneed wife. With these forces against her, 
Mn Mandela may find her position in par­
liament thrutencd if she persistently chal­
lenecs the ANC leadenhip. Members are 
elected from a pany list. If the leadership 
dislikes them,down or off the list !hey go. 

Meanwhile the police are looking into 
allcaations that Mrs Mandela used hercabi• 
net job to aid a building company, in return 
for kickbacks. A Supreme Court judge last 
week ruled th&t the ,carch warrant used by 
policemen when they raided her house was 
invalid, but the investigation continues. 

So she looks an unlikely successor to Mr 
Mandela. But she could cenainly help or 
hinder likelier hopefuls. The front-runner 
today 1s Mr Mbeki. He rose with the backing 
of the populistS. Will they now tum against 
him, for his role as Mr Mandela's trouble­
shooter in the run-up to Mrs Mandela ·s dis­
missal? If so. the balance could tip toward 
the ANC secretary-general, Cyril R.ama­
phosa. for all that Mrs Mandela used to call 
him a member of the cabal. 

Rwandan refugHs 

Crime and 
nourishment 

THE Mugunea camp in Goma, near to 
the border with Rwanda, supposedly is 

a refu&e for people, nearly all of them Hutus, 
who Acd that country last summer and dare 
not go home, now tha.t it is run by Tutsis. In 
reality, the camp looks more like a military 
training ground. Soldiers from the army of 
Rwanda's fonner Hutu government loll 
about in full uniform. Militiamen wave 
axes menacingly at white-skinned foreign ­
ers. Weapons are hidden close by and vehi-
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Stay cool 
E NVJRONMENTALISTS arc dismayed. 

Their cffons to scare the world over global 
warming seem not to have worked. Three years 
ago, in. Rio, covemments agreed to hold down 
their output of"greenhousc" gases, such as c.ar• 
bon dioxide, that are thought to be raisins the 
earth's average temperature. But when this 
week's Berlin conference (see page 33) asks 
what progress has been made since Rio, the an­
swer will be: virtually none. Rich countries arc 
unlikely to meet the Rio tafiet of reducina out• 
put of greenhouse aases to 1990 levels by 2000. 
Even if they do, growing emissions from coal-burning poor 
countries will more than offset their success. Few poor coun­
tries are even considerina restraining their output of green­
house gases. And thus. say the greens, will a short-sighted world 
stroll insouciantly towards a calamitous future of storms, 
floods and drought. 

Well, maybe. It would certainly be a pity if the world's gov­
ernments retreated from the promises m·ade at Rio, for that 
would bode ill for any attempts to deal collectively with global 
environmental problems. Nonetheless, penguins and people 
can afford 10 relax for many years yet. For all the green clamour. 
it is far too early to be panicked into Draconian actions toavcn 
global warming: especially when most actions would pose a 
bigger threat to human wellbeing than docs global warming. 

Two clouds, and a hot prediction 
Consider, nm, the uncenaintv of scientists about the extent of 
global warming. Despite recent advances (see pages 65-67), 
science still understands little about the world's climate. a svs­
tem that depends on a huce ranee of variables, with causation 
Aowi ng in every direction. Most scientists acree that, provided 
other variables remain the same, big increases in carbon diox­
ide will boosttemperaturcs. But the extent of the boost is widely 
disputed. And nobody can predict whether other variables will 
remain the same. Some scientiStS reckon that rather than just 
growing gradually warmer, the climate may become subject to 
sudden lurches. That makes it even harder for countries to pre­
pare for climate chanae. The lnteraovemmental Panel on Cli­
mate Change, the body of scientists studyinc elobal wanning, 
reckons that a doublint of carbon in theatmospherecould lead 
to a temperature rise of anywhere between l.S"C and 4.5'C. 

There is also much uncertainty about the costs of global 
warming. Some areas of the world would benefit from a 
wanner climate. Cold wastelands, for example. might become 
fertile farmland. Other areas would suffer. If global warming 
raised the sea level, valuable inhabited land (CC, in Bangladesh, 
the Nile delta and the Maldive Islands) would be submerged. 
Estimates of the overall economic impact of global wanning 
depend on weighing these cosrs-the dislocations of ways of 
TNI ICONOMl'1 AP.IL U1 ,,., 
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lift based on the present climate-against po­
tential benefits, ie, the opponunities for 
erowth in places where the climate improves. 
Few expect the benefits to carry the day, espe­
cially if the temperature rises quickly. 

EconomistS have, however, pointed out 
that even substantial net costs can and should 
be tolerated if the alternatives are worse. Even 
a pessimistic prediction that climate change 
could knock 20% off world income in a hun­
dred years' time would imply merely that the 
world economy expands a little more slowly 

than otherwise. To set this in pe~pective, consider another ex­
trapolation: the world economy could, if recent growth contin­
ues, be over 300% bigger in 2095 than today-and so that much 
better able to bear the costs of coping with climate change. 

One of the few certainties about global warming is that the 
costs of severely curbing emissions of greenhouse gases now 
would be huae. The world relies on carbon-based fuels for 90% 
of its energy needs. A quick, enforced switch to non-polluting 
alternatives would savagely cut people's living standards. In 
developing countries reliant on fossil-fuelled economic growth 
to Ii ft them out of poverty, the pain would be acute. Why should 
people make such a sacrifice for a problem whose extent and 
cost are so uncertain? There arc more pressing environmental 
concerns such as urban smog, the spread of disease and inade­
quate sanitation in poor countries. Unlike global wanning, 
these cause enormous suffering (Qr millions of people now. 
And it would cost less to alleviate or even eliminate them than 
to reduce sharply the world's output of greenhouse gases. 

This does not mean that world governments should do 
nothing about the possibility, however remote, of climatic ca­
tastrophe. Many policies that would reduce greenhouse emis­
sions are desirable on their own terms. For example, most state 
subsidies for energy industries should be scrapped on grounds 
of economic efficiency. That would lead to less coal being 
burned (the coal industry is often heavily subsidised) and to 
higher electricity prices, encouraging conservation. Proper 
road pricing should be introduced to reduce congestion in cit• 
ies. Policies designed to deal with one environmental problem 
may not necessarily help with others, however. Scrubbing sul­
phur dioxide out of power-station emissions curtails acid rain, 
but it may enhance warming; sulphur compounds in the atmo­
sphere cool the eanh. 

Besides encouraging energy efficiency, governments 
should also continue to finance research into the science of cli­
mate change.and into how to reduce the costs ofnon-polluting 
fuels. Such actions could pay dividends if more drastic mea­
sures to counter global warming ever became necessary. Even 
the occasional jamboree such as Berlin ·s may be justified, so 
long as it does not foster panic: the wheels of global co-opera-
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tion should be kept oiled in case climate change turns nasty. 
Other than that, however, patience should be the watchword. 
Within a couple of decades. scientists should have a firmer grip 
on the influences on cl imate. By then the costs of altering the 
world 's economic structure arc likely to be lower: although 
prices of most non-polluting fuels. such as solar power, arc sti II 
higher than fossil fuels, the gap is narrowing.,And if clim.te 
change turned out to mean no more than a slow but steady rise 
in temperatures, the costs of adapting as warming occurs (such 

Candidate Chirac 

as build:ng hiet,er sea walls) might still prove lower than the 
costs of prevention. 

Greens will no doubt continue to paint their scary pictures 
of the future. What, they will ask, if climate change were to en­
tail a sudden lurch that led to half the world starving to death in 

so years' time? The best answer is that anything can happen in 
half a century: even an invasion by aliens, say. On present ~i­
dence, though, any huge catastrophe looks highly improbable. 
There is still time to bask in the sun. 

JI' ... - ..,.. ., .. 
...... ~ 
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Has he chanted enou,h to become the next president of France? / ~ .. ' ~ -
T IKE the sumo wrestlers he admires.Jacques Chirac, would­
L be president of France, is a master of tactics. timing and 
deadly bursts of speed. Dismissed as a has-been, for months Mr 
Chirac trailed in the, opinion polls. Now, with less than a 
month to go before voting stans for the presidency, he has 
sprung back as the contender to beat. By presenting himself as a 
man of deep experience yet with the common touch, he has 
made the SocialiSt candidate, Lionel Jospin. seem merely dull 
and the prime miniSter, Edouard Balladur,look like a nose--in­
the-air bourgeois. Candidate Chirac is on the rebound. But 
would he make a good president? 

One issue was bound to dominate the election: unemploy­
ment, which has stuck at over 12% for more than a year (see page 
42). Mr Chirac's solution is a radical expansion of employment 
subsidies, sharp cuts in payroll taxes and increased spending 
on education and health. He cannot keep these promises, 
while also reducing the public-sector deficit, as he says he will, 
from 5.7% of CDP to below 3'11., without increasing taxes 
sharply. But Mr Chirac has promised to cut taxes. To the charge 
of innumeracy can be added that of 50ffiness: he wants to give 
still more protection to France's farmers. 

Mr Chirac's numbers may not add up, but nor do those of 
his opponents. Especially when it comes 10 the battle for the 
presidency, the French take politicians' promises for what they 
mostly are-hot air-and concentrate instead on the personal 
qualities of the candidates. 

Mr Chirac's claim to be a man of experience is borne out by 
his record of office. He first became a minister almost 30 years 
ago. He was prime minister twice, in 1974-76 and then in 1986-
88 (though without notable success~ He has been an effective 
and admired mayor of Paris for almost l0ycars. Though he has 
tried twice before for the presidency, in 1981 and 1988, and lost, 
this is now presented as necessary preparation: like Fran~ois 
Mitterrand, and De Gaulle before that, Mr Chirac has endured 
a long "crossing of the desert" in mid-career. 

His famous resilience, however, is not matched by consis­
tency. Once known as a nationalist Euroscepric. a point he was 
happy to highlight last year when he thought Jacques Dclors 
would bid for the presidency, Mr Chirac now presents himself 
as a good European and a supponer of a single currency. Once 
a right-wing budget-slasher who abolished the wealth tax in 
1986 (and before that a proponent of trade unions and workers' 
riehts~he has reinventedhimselfoncea~ain, this ti meas a one­
nation Gaullist with a social conscience. The real Chirac, say 

his supporters, is these days a more mature, sober politician. To 
his detractors, Mr Chirac is erratic and impulsive, a man who 
will jump at the fim idea thrown at him. 

The great unanswerable question 1s whether such a com­
pulsive tactician could make a good president. Yet Mr Chirac's 
policy zigzags over the years have been no worse than those of 
President Mitterrand. Since Mr Mitterrand's most spectacular 
u-rum, in 1983, when he junked his reflation convictions for 
the austerity and stable-franc policies that have prevailed since, 
he has been a pillar of stability. 11,e moral constraintS of the 
presidency-the incumbent is, after all. president of all of 
Franc:t, not just of one of its political factions-would restrict 
his freedom to wobble. 

But President Chirac would also have the advantage of a 
large centre-right majority in parliament. How might he use it? 
He is not a radical in the modem British or American sense. He 
is a RAdical in the historical French one-a man of the centre, 
of toleration and modernisation. Although he has taken a 
tough line on immigration, more than most leading conserva­
tives he has kept his distance from Jean-Marie Le Pen's xeno­
phobic National Front. Sceptical about the son of European 
political union. favoured by some German conservatives, Mr 
Chirac: nonetheless campaigned for the Maastricht treaty in the 
1992 referendum, though manyofhis allies opposed it. 

Stand up, and be counted 
Mr Chirac is far from a shoo-in for president (if only because 
many voters have yet to make up their minds). Yet his constant 
campaign theme-France's need to "break with the past"-has 
touched a chord among the electorate. France f.iccs big chal­
len1e5. At home. the welfare State, the social-security system 
and the public-health and education systems are all in urgent 
need of reform .. Meanwhile Germany, the country against 
which France measures itself, has grown larger and more pow• 
erful. The relationship with Germany needs to be recali­
brated-a tough task at the best of times, but one that will be­
come trickier Still if European monetary union turns out to 
have the political consequences that many French politicans, 
including Mr Chirac, hope to avoid. 

This is the first opponunity French voters have had to 
choose a president to meet these new challenges. Mr Chirac's 
bid to be that president seems a strong one- always assuming 
that the real Jacques Olirac has finally stood up. 

THI ICONOM IST APa tL. 1ST 1tt, 

llepl"Oduce<I with pe"'l••lo" or copyrltht owner . Further repl"Oductlon prohl~lt.11 . 



SCIENCE ~NO TECHNOLOGY 

safe. and, _ ?revoke an immune response 
that may be' iel pful. The Immune lt.esponse 
Corporation of Carlsbad, Califomia,a com- • 
pany named aner its aim, has tried similar 
experiments. Though it has done no human 
trials on Ms vaccines, it is beginning some 
on rheumatoid-anhri tis vaccines, ai mi n1 at 
the relevant Tea. components. Or Marraclt 
is interested in a similar approach, based on 
her super3ntieen work. 

Howard Weiner, David Hafler and their 
collcaaues at the HaMrd Medical School. 
and a company called Autoimmune Inc are 
lookina at a different way of disciplining the 
unruly immune system. Stanina from the 
Iona-established fact that people tend not 10 
mount immune responses against the food 
they cat, they have been feedin1 myclin to 
Ms patients in the hope that it will lCt as a 
son of anti-wccination, canccllinC out an 
existina immune respon,c. The idea is that 
the suppression mechanism that worb 
through the aut and stops responses to food 
will, if myclin • is seen as a food , stop re­
sponses to myclin. In last week's Science 
they pub I ished results showing that some of 

Backing off 
0(,-0IT 

W HEN car dcsicners gather toeether. 
as they recently did at the annual 

shindia of the Society of Aut0motive En· 
gineers in Detroit, they no lonaer talk only 
of pistons and camshafts. Today's de­
sicner is as comfonable with microelcc-

1 
tronics as mechanics, and is lookin1 to 

, apply his lcaminc-by making cars 
cleverer, and maybe doing the same for 
the roads beneath their wheels. 

Latest among the car-smanenm is a 
joint venture between the Eaton Corpora­
tion, a components company based in 
Cleveland, Ohio. and vo,v.o Samy Sys­
tems of San Diego, California. vouo·s 
Vehicle Onboard Radar gives the driver a 
sixth sense. It sweeps the road with radar 
and monitors the speed and distance of 
surrounding vehicles. If it thinks a colli­
sion is imminent, it screams what maybe 
a litt-saving warning. This has been 
enough to impms Greyhound Bus 
Lines-the company is insallinC VOaAD 
on its fleet of2,400vehicles. 

Soon, the system could be hooked·up 
to a car's cruise: control. This would allow 

the vehicle to make its own deci-
- • • sions about when 10 

•. speed up or slow 
~ down to fit in with 

.· • '. -·.< .=:~ other traffic. That 
---- ~ror -..:.:..t,,;."',;:.•~ would be I""":" 
• • • ••• European dnven. 

Cruise control is 
ubiquitous in the land 

the patientS catina myclin did indeed show 
some suppressive ef&cts. 

At the moment there are &r more ques­
tions than clinical an5'tl/C1S. Of course. it 
may not be n~ry to ,olve all the mysttr· 
ies of the immune system, or to manipulate 
it in-precise and detailed ways, to tet the de· 
sired effect. One of the cytokine therapies, 
such IS beta interferon, which has been put 
throueh a larac trial amona MS patients, 
may tum out to do the trick. But improve-. 
ments in knowledac and technoloey are 
making more detailed manipulations W­
ier roenvisagc,and the high ~ards forsuc­
c:m make the fuss inYOlved ,eem wonh· 
while. According 10 Brandon Fradd, of 
Monttomery Securities in San Francisco, 
the American rmrkct ror MS and rheuma­
toid-arthritis treatments is wonh billions of 
dollars.And if~ an be found 10 ratore 
discipline 10 the immune system, pemaps 
its new comrnandm can also find strategics 
that will hdp it vanquish enemies that at 
present can 01,1tsman it-such as chronic in• 
fectious diseases and cancers. 

of the freeway, but it is unpopular on the 
crowded roads of the Old World; there is 
not much point in ,omething you are 
continually havine to override. Sclf...id­
justing cruise control could take much of 
the Angst our of the Awobcahn. 

Avoidine the crowds is also the objec· 
rive of another recent step towards the 
"smart" road. The TravTek project has in­
stalled computers into 100 hire-cars in 
Orlando, Florida. Punch in a destination 
and the computer navigator displays the 
best route-a radio-link to a rqional tr1f­
fic-<0ntrol centre automatically advises it 
of traffic snarls and plotsa detour. 

The one caveat of all this cleverness is 
coct. Stand .. lone systems like voa,.o arc 
relatively chcap-<ireyhound is payina 
S1.000 apiecdor its electronic eyes. Eaton 
redtons that in time that might fall to 
S3SO. suitable for private cars. But 
TravTdt relies on collcctinc and distribut• 
in& a lot of data-a biC fixed cost. Even 
thinkinaaboutcleverhighways is provinc 
expensive-in 1991, Contrcss voted I 
S660m budget merely to look into the 
possibility. Ooina somcthinc about it 
would cost billions and would Still only 
benefit those whose c.ars were 
fitted to take advantaae 
of it. Those who dune 
to their old jalopies 
would remain so 
many bumpers in the 
pinball game of life. 

Glo~I w•rming 

Cool costing 

NOBODY is sure how far and how &st 
the eanh will warm up as carbon di­

oxide (CC>i) and other gases build up in the 
atmosphere. But that did not stop govern­
ments from sienine a treaty last year to try to 
rcduc:.e the arowth of such eases, nor econo­
mistS from cstimatina the cost of the poli­
cies that the treaty may imply. MOSt econo­
mists have looited at the economy of the 
United States, and extrapolated from that. 
But the OlCD has a model which does bet· 
ter, and the findinp so far are summarised 
in itS latest ECOl'IOfflic Stwdia. 

The model has two special features. It 
can look in some detail at individual rc-
1ions,such IS Otina, India or the EC, and at 
the tnde flows between these regions. That 
allows ita uniqueview ofhowdifttrent pol­
icies would affect international • competi­
tiveness. It can ilso look at the ways energ_v 
prices are distoned by taxes and subsidies. 

Some of the findines should cheer the of­
ficials who hope to turn last year"s climate 
tre2ty into something workable. For in­
stance, the otco thinks that the cost ofsta­
bilisine the global output of CO2 at 1990 
levels by 20S0 would be between l'W. and J'W. 
of world GDP. That (to pessimistS) means 
fo11oinc the entire output of Canada today: 
but (for optimistS) it is only one year's world 
economic erowth. 

Settinc aside the question of whether 
such a cos, would buy commensurate bene­
fits (which the 01c0 has not yet tried to an­
swer~ any asrccment should aim 10 be as 
cost-effective as possible. That implies re­
ducing CO2 output in the countries where tt 
is cheapest to do so, rather than sharina cuts 
equally across the board. 

The most cos1-cffcctivc places to make 
cuts rum out to be the coal-producing devel­
oping countries, which means mainly 
China and India. The alternative-brave 
cestures by the rich countries to reduce their 
own CO2 output-ill have little effect on 
the a)obal t0tal, because of the rate at which 
energy use by the non-otco countries is 
likely to @row (see chan on noct page). 

The way a c.arbon-cuttina asrccment is 
designed will determine which countries 
carry most of the cost. But, as the OECO 
shows, no agreement will work unless the 
countries that arc likely 10 cut least (the 
OECD nations) are willing to make large 
payments to compensate those that cut 
most (the bit third-world enCJ!Y producers). 

The most heanenina finding of the 
oico·s work is how much the arowth of 
CO2 ourput could be cut without making 
any country worse off. This is largely due to 
the amount of subsidy slopping around in 
the system. Domestic energy prices in many 
countries outside the OECD have been 
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the equivalent of $10 a barrel 
of oil. llemoving those subsi­
dies will make their economies 
work more efficiently-and re• 

. ._ .... _,.,_,.....,.~ duce their output of e]obal· 
wannineps. 

OIIWOKD What if elobal warming ...... 
·K 

1111• II• II ti IS a 11 ■ n • 11 • --
hugely subsidised. Enercy subsidies, net rx 
taxes, cost the world $235 billion in 1985. 
The effect is to underwrite CO2 output. In 
non-otCI> countries, the implicit carbon 
subsidy worked out at $90 a tonne in 198S, 

Breast cancer 

turns out to be less sinister 
than most scientisu • now 
think. or if laSt )Ur's conven· 
tion is stillborn? Will all this 
hich'1)0WffCd economics be 
no more than intellectual 
c.allisthenics? The wo& on en• 
el"CY subsidies will still be use­
ful. Indeed, it has already 
helped to transform the World 
Bank's approach to enel"CY use 
in devclopine countries and 

especially in the former Soviet Union. En• 
e'I)' use, and panicularly coal, does plenty 
of much less contrOYersial .environmental 
hann. And eneray Nbsidies do uncon~ 
versial economic damage. 

Forewarned is what, ~xactly? 

W HEN they reach 40, American 
women arc told that if they have regu­

lar mammoerams, they will be less likely to • 
die from breast cancer. In most other coun­
tries, this advice is given to women only at 
the age of so. Does Stanine the x-ray exami­
nations later hun the women in those coun• 
tr ies~ Or arc American women getting over­
zealous and poor advice? 

The American Cancer Society, the 
American Coll(ie of Radiology and the p-­
cmment's National Cancer Institute (NCI) 
have lone insisted that the American ap­
proach is correct. Their cuidelines are pro­
moted so thorouehly that an American 
woman in her 405 who ignores them is 
made to feel she is endan@ering her health 
needlessly. But the evidence presented at an 
in1ema1ional meetine hosted by NCI in late 
February was by no means so compelling. 

Six trials from around the world were re• 
viewed at the meeting; in each.one group of 
women was regularly screened with mam­
mography and, foe comparison purposes, a 
control croup was not. In these trials, in 
which 500,000 women took part, the on~ 
people who clearly benefited from the 
examinations were those who wett 50 or 
older when they bcaan 10 have mammo­
grams. Over a decade of study, these women 
had a significantly lower chance of death 
from breast c.ancer than their unexamined 
contemporaries. So it would seem there is 
no harm in waitin& until a woman's 40s art 
behind her before staninc mammoeraphy. 
In fact, in almOSt ~cry st\Jdy, breast<ancer 
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death rates were sli&htly hiehf!r foe women 
screened durinC their 405 than for their un­
screened counterpans. The effect was small 
enouch to have occurred by chance, but it 
has turned up so consistently that research­
ers arc not sure. 

Mammoeraphy for youn&er women 
does have iu defenders. Daniel Kopans, a 
radioloeist 11 the Massachusens General 
Hospital, attacked all the StUdies. He said 
that in each of them either the mammogra• 
phy was poorly done, or the test subjects 

The complications 

W HY doesn"t mammoeraphy work 
as well for youll@er women as for 

older ones? One answer is that )'Ounger 
, women have denser. less fatty breasts. 

This higher density male.cs the x-ray films 
harder to re.ad. Cancen arc harder to 

• pick up; bcnien lumps harder 10 tell 
from cancerous ones. 

Even if mammoerams did work on 
the under-SOs, would they do any eoc,d? 
Some scientists think not. A Canadian 
study of 50,000 women, published last 
ytar, showed that althoueh mammoera• 
phy could certainly identify c.ancers 
smaller than those found throuah care­
ful physic.al examination, there was no 
evidence that this made any difference 
to survival rates. Indeed, several stud_ies 
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were improperly sc!ec:ed. or both. Besides. 
he maintained. the tcchnolQ8Y is constantly 
impr~nc. making all past st1.1dies mc!e­
vant. On this basis, people should keep 
studyin1 until they find the effect that Or 
JCopans believes to be real. 

Few at the meeting endcmed the view of 
Dr Kopans that the value of mammography 
for youncer women should be taken on 
faith . Suzanne Fletcher of the American 
College of Physicians, who chaired the 
meeting, summed up with the pm-ailing 
feelina: ''There is no reduction in breast· 
cancer mortality" in the srudies of women 
in their 405 who have been fbllowed for five 
to seven years. The reduction seen in the t=cw 
studies that have followed such women for 
longer is "at best marginal." In fact, only 
one studyshowahuch a reduction : the ben­
efit, which was slicht, rook 11 ytars 10 be­
come apparent. 

Or Fletcher, with four others who were at 
the meeting, will convey its findines to Pres· 
idcnt Clinton's National Cancer Advisory 
Board when it meets in Miami later this 
month. What will happen next is uncenain; 
the more so because the American Cancer 
Society, which carries enormous weight 
with the public, has decided to stick with its 
cunent•scteenin@ recommendations. 

Nonetheless . the potential savings in 
chaneine the aee for routine mammogra­
phy arc si&nificant enoueh to make it ap­
pealine: about S550m a year for the x-ray 
examinations alone. More costs accrue 
when the results are suspicious, promptin& 
funher tests and raising the t()(al cost to 
rouchly $1 billion a year. If this were help­
ine, that would be reasonable; but the cvi• 
dcnce is that it does not lead 10 anyone liv­
in& lonccr. In terms of results. mammo­
craphy fbr the 40-somethings remains a 
triumph of hope owr experience. 

suggest that testing leads 10 over• ; 
diagnosis because it finds tumours that j 
would never be life-{hreatening. 

There is also a chance that mammog• 
raphy in )'Ouneer women may hasten 
proeres,s of the disease, either because of 
the way the breasts arc comprmcd dur• 
inc the examination. which might en­
courate the spread of cells from a small 
prc-existinc tumour, or because the pow­
erful treatments used after earlv dctcc• 
tion mieh1 do more harm than eood- A 
further worry is that even at today's low 
doses, the repeated x-rays may do a linle 
harm. All these ideas are purely theoreti• 
cal. But it is known that both the biology 
ofbrcastcanccr,and its response10 treat· 
ment,do differ with age. 
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THE ENVIRONMENT 

Whose world is ~t, any-Nay? 
NAnJRE is no respecter of national bound· 

aries. Across those dotted lina on the clobe. 
winds blow, riwrs flow and micratinc species walk 
or fly. 111e dotted lines may carw up the eanh, but 
the a and the atmosphere remain open 10 all, to 
cherish or plunder. When people in one country 
harm that bit of the environment they assume to be 
theirs, many others may suffer, too. lut how, and 
how much, an countries make their nechbcurs 
change their w~? That is the theme of this sun,,cy. 

Such problems J)OIIC new iss\lCS far diplomau 
and economists. Reachin& a,reemcm often means 
n::solvinC conftictin& aoa1s and priorities. £ven 
amont countries ex similar wealth, environmental 
toals maydiffer:thinltoftherowswith Iceland and 
Japan CMr whaling, or the reluctance of Britain to 
curb sulphur dioxide from power stations. But 
croa-border ariuments are harder to nsotw when 
many countries are inwtved, and especially when 
these countries have widely differinc livint stan­
dards and environmental priorities. Particularly 
intractable are the two main subjects on the atenda 
at next month's mectine of the United Nations 
Commission on Environment and OeYelopment 
(UNC!D)in RiodeJaneiro:biolOlicaldivmityand 
climate change. 

111at countries have different environmental 
goals is not surprising: a policy that brines 1-IIC 
benefits to one country at linle cost 1111)' have the 
opposite effect on anocher. But from such differ­
ences, many problems arile. Trade ii inectric.ably 
affected. TOUCh treen standards for produca may 
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mp out eoods from countries that cannoc meet 
them; tou'1 Nia to nduce the environmental 
impacts of production p.c:cws will make some 
c:cmpanies less compcritiw than their riYlls in 
lam nations. Where such differcnas influence 
only the local environment, complaints may be 
muted. But where they aws botders. « afftct the 
common hcritate, environmentalists may danand 
that all countries meet common pis. 

That embroils trade in ocher ways. Trade may 
be the ma:hanism by which environmental dam­
• is patCMd to am borders, 11 in lhe cue of 
tl:llic wastcortheeitpOn cxendan,ered spcaa. It is 
abo one ex the few weapons pemmems an use 
to bully othen into chantint their behaviour. 
When one country i!eJs mat the environmental ac­
cions of anocher are harm inc its own peopJe, it may 
ae trade • a rasonablc way to retaliate. Trade 
unctions 1111)' 1110 be u,ed to pl'O'lided some 
added etue for the &a,ile IU\ICtUre of international 
environmental a,reemenu. 

One-.rth 
International agreement is the best way to solYC 
environmental problems that aanscend national 
borders. lbae are of three main kinds. Fim, neilh­
bcurine countries may share pan of the environ­
ment: a river such u the 11.hine or the Jordan, a 
stretdl of Wlltf such u the Meditemnean or the 
Grat Lakes. Jetional problems-acid rain is one 
c:xa.mple-fall into this c:11CCOIY• Second, some 
envin>nmental raources. such • the atmosphere. 
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6 SUFVEY THE ENVIRONMENT 

the ocans and Antan:tica. ue shM!d by the whole 
planet. The build-i!p of climate-chan&ine creen· 
house ea,cs. the thinnine of the ozone la)fl and the 
killine of whales fall into this trouP. J..utly, 10me 
environmental asseu cir.arty belon8 to individual 
countries, but their future may affect ochers, in ei­
ther material or (more often) spiritual and emo­
tiona I ways. 1be disappearance of coral reds or de· 
phants may not -show up as men than a 
microscopic blip on CrolS world product, but it 
1ives people in many countries a sense oflOG. 

To tadtle problems like diese. a,untries inc:rus­
ina)y si1n uaties. Two muhilalffll enwonmental 
treaties came into forc:t in the United Stata be· 
tween 1940 and lffl; ten between 1960 and 1919; 11 
in the 1980s alone. Like all international treaties, 
tho,c on the environment can be enforad on)y by 
the aovemments that abide by them. 

Tbe market is unlik.e)y to help. EYal in an indi­
vidual country it will rarely dcliva- what is bat for 
the environmenL 1be cmts 10 individuals and 
companies ci pollutinC or pilJacinc the environ• 
mcnt will be lower than the COits their activitits im• 
pose on the nst cilOCiety. National environmental 
policies therefore nad pemmcnt to nrp in and 
ensurr that pollutm cany the COlltS they would oth­
erwise dump on their ~llow citii.ens. 

Without a world cc,vemment, no institution 
can compel international polluters to pay. True, 
there h&s been a rapid Crowth of institutiON duit 
aim to let international environmental priorities 
or persuade governments 10 reach (and abide by) 
a1recments on environmental aoals. But such insti­
tutions are no strontcr duin the governments 1h11 
set them up. ACrer:ment can therefore be hued only 
on the belief dw actint toCCthcr bri,. more bene-
fiu than actint alone. . 

That belief will frequently be tnic. If one of the 
countries livin1 rcund a polluted lalte tries 10 de.an 
the water by actinc alone, i1 may mw heroic dfons 
but achieve linlc. If all act tc,cether, modest steps 
may achieve much. If, uy, Norway stopped all out· 
put of carbon diOKide next week. it would talce only 
46m tonnes out of the · atmolphCl't. The ame 
amount could equally be awd if CYCry c.ounay in 
the world cut its ouq,ut of carbon dioudc ~ <Un. 

C-onvusely, if all bn oneof'thc. lakcsidecoun• 
tries reduces the mudt it discha'ICS into the wata, 
that one country will still enj(l,y the improvement 
in water quality that the actions of its nei'1bours 
.deliver. An individual country can generally do 
best of all by droppint out of a pact, as lone as it 
cannot be excluded from the rsultina eains. h can 
thus enjoy the ~rds of ~llinc on the lfobal 
bus without payin& its fare.as• "free rider". This is 
the central paradox of international environmen· 
tal aereements.All countries do better by c:o-operat­
int th.an by ac:tint alone; but individual countries 
often have a powerful incentive not to co,q,eratc. 

Countries arr mon: likely to succumb to the 
temptation to hitch a free ride the more the cmts of 
belon1in1 to an international ac,mnent divcree 
from the benefits it brines; or the lontcr the .. P be· 
tween the pain and the pin. lbe balance of C0S1S 
and benefiu will 111U1lly vary from one country to 
another. It will be panJy a function of the number 
of countries inwlw:d. If only three countries JiYe 
around that diny lw, the cains that each enjoys 

from endint pollution will be much la,ier than if 
only two clean up. A complcteiy clean 1w is much 
nicer than a ~ irds clean lake. But if a dozen 
countries are inYOlwd, the difference made by the 
participation of. one c:xmi counuy will be small. 
1bc ccms of paniciparion to each counay are the 
same, but the tains from ~arin& are lower. 

How can recalcitrant countries be brou,ht on 
board? Either the costs of participation c:an be re­
duced, or its benefitS can be incraled. One option 
is t0 set targets that reflect the difl'ainc CXJStS 10 ind i• 
vidual countries ol mr.etinC them. International 
acreemcms &equently ,er uniform eoais for each 
country: output of lhis CU or catches of duit fish 
must be restricted to suc:h--anckuch a lc¥cl OYCr a set 
period of yars. A welkJesitned aereement will try 
110 cmurc that the laf1CS1 chanaes are made~ th0IC 
counffies duit find them ~ cxpensiw. 

TlrfC1S, howeYer distributed, m more likely to 
be honoured if countries can a,rce on IOfflC way to 
wrify diem. That may not be eat)'. The Verification 
Tecbnolc,cy lni>rmation Cerlac. a London~ 
body duit usually thinb about anns agreements, 
bu arsuecf duit it wculd be harder to reach a cli­
mate apeement that doa not provide for wfific.a. 
tion than one duit docs. In fact, provisions for ¥eri • 
6c:arion in the initial climate treaty that will be 
siCMd l'ICllt month are ewn vacuer than the a,m­
mitments sitnatories u~ Verification is cs­
tential 10 build confidence, bier mutual trUSt, and 
encoura,e uncommined nations to join. Industrial 
a,untries are slowly becomina more willing 10 go a 
step further and accept international inspection of 
their paformanc.c. The O!CD h&s recently betun 
an inspection ci Germany's envi_ronmental poli• 
cies, as the fim step in a prcpamme that will even­
t\lllly a,,.,er all itS members. 

Anocher way to raiuc.e the casts of panicipation 
is for some goyemments to bribe others. 1be coun• 
tries that tain most from an aereement may reward 
tl'°9C for¥Alom thecosuarehcaviest. 1be Monnul 
protocol on ozone-depleting substances (mainly 
dlloroftuorocarbons or era) indudes a fund i>r . 
such payments. Under the new climate tl'tlty, the 
Global Environment Facility (Gtr) will pay dcYel• 
opintc.ountries for the extra cmts of policies to slow 
Clobal wanninc. Such payments are easily (Ind 
wronely) confused with international aid; they are 
really impons of environmental servic:zs. 1bey 
raise i.ree practical problems. How, for il"ISWlu, 
can the world be Nre that it is not paying a country 
to do somcthin1 it would have done in any c.li.'le? 
And how can a country be rewarded for intnxiuc• 
int market~ incentiws (hi&hcr ene!lY prices, 
for instance). rather than makint • one-off invest· 
man (In ene11Y-efficient li'1t bulbs, say)7 

'111e problem of puniltunmt 
lbealtematM to bribery is bullyinc.1bis may sim­
ply take the form of international disapproval. No­
body likes beint a pariah. Britain C\ICl\tually a&reed 
to stop dumpinc 9eWICC sludge in the North Sea 
mainly becaUIC ci 1he political COits of being 
dubbed Mthe diny man of Europe". America has 
been unda similar pressure to siabililc its output 
of tlobal-warmin& CUCS· A peculiarity of intcma• 
tional environmental acrecments is 1he inw!Ye­
ment of non-cc,vemmental orpnisations. It is hard 



THE ENVIRONMENT SURVEY 7 
. . . . . .. . . . ............ ..... ... ............ ... .. · ·-- . . . . . .. . . . . . . . . . . .... .. . . . ······· . .. -............. ···-.. -······· .. · · · · · - .. -............ . . .. .. .. . . • . .. .. . . . . . . . . •. . . .. · • '. 

to imagine anti-nuclear campaiencrs playinc a 
a,nmuctivc role in disarmament talks. but 1reer1 
lobbyists are actiYe participants in many environ­
mental neeotiations. As they are deft at mobilising 
popular pl"O(est, lhey also play a bit pan in cncour­
aginc goyemmenu 10 keep their promises. 

But beyond pratat. the options for punishment 
are few. A handful of aamples exist of countries 
taltinton bindintcommitments. l'bat is likely only 
if e<Mffiments are loc:bd totether by fon:es omer 
lhan lhe environmencal issue at SQkc. Within lhc 
IC. for example, lhc European Coun can oblite a 
country to implement an environmental dinaive. 
Mon:over, the Maastricht trelfy on Ewopcan 
union cready extends the aras on which environ­
mental policy decisions need onlyqualifiecHnajor­
ity votint rather than unanimity. 

Ultimately, trade sanaions arc the mmt 11empt­
in1 weapon. A lrowil'II number of 11rsmcnts in­
clude provision for trade sanctions to punish free. 
riders. The danga is that the ems of such penalties 
may exceed their benefiu: the C0lts of kllt nde 
may be creater than the environmental pins from 
wider compliance. 

Where polluters are poor and those on the ~ 
ceiving end wealthy, the threat of such sanctions 
also has unpleasant OYCrtOnes. The poor-whether 
they be South American countries dcsm,yinj their 
rain forem or East Europeans buminC soft coal in 
their powa' stations-may ful that their environ­
mental priorities are being dictated by ocher c:oun­
tries. They may wist! to concentrate on environ­
mental risks to the lives and prosperity of their own 
citizens. They may Im, with ,ome reuon, chat the 
rich countries are us inc their political and commer­
cial muscle to impose their own creen aeenda. 

This survey a,aues that the rich countries need 
to be tenSitivc to charves of "eco-colonialism" if 
they want to make the world a cre,mer place. They 
need to be careful about using nadeasa weapon to 

llowiatcheWlaftl.-y 

tet their way and need to apk,1-e new kinds of fi­
nancial tn.nsftn and aid. DcYeiopinC countries 
that punue environmental aoals which to beyond 
their national intaa11 can rr.uonably expect the 
dwelopcd countries to find ways to compensate 
them for doinl so. Only by findinc new kinds of 
barpins and new institutions 10 sttilce them an 
the intcrat ol each counay in itS neithbour's envi­
ronment be c.p.ea:d ;,, ways that don()( threaten 
trade or national SCMreicnty. 



A FUMEWOl!K FOR CLIMATE CHANGE POLICY 

IFF Climate Cha,. Research 
• RFF wmched its Cimm Econornics md Policy . 

Progi11n last fall to conduct basic and applied 
research and policy analysis mated to global ch­
mate ~- An initial ,et of research projects 
under way includes: 

• Brinl)ng Uncenainty into the Equation 
When c.alculating Climate Cwige Risks 

• Carbon Consequences of Tax System Reform 
• Carbon P-Obcy and Endogenam Technical 

·Change 
• Discounting in lmergeneracional 

Decisionmaking 
• Economic Analysis of Greenhouse Gas 

Emissions Trading 
• Effective Environmental Polley in the 

Presence of a Oistoned Tax System 
• Electricity Restruauring and the Costs of 

C.Ontrolling CO2 
• Impacts of Climate Change Mitigation on 

Other Environmental Problems 
• International Cooperation for Effective and 

Economic Greenhouse Gas Limitation 
• Vulnerability of Low-Income Households to 

the Hydrologic Effects of Climate Change 

To broaden understanding of climatt change 
concerns, RFF is also organizing workshops and 
producing a senes of Issue Briefs. The first of these, 
"Climate Change Risks and Policies: An Overview, w 

is the source of Michael romans article. 

For IDOft information: 
http:llwww.,ff.~amsldunp,og.hon 

and centuries, not just on the emissions of these gases 
over a relatively shon period of time. We are dealing 
with the cumulative effect of many smaller influences 
on the biosphere-an effect with a great deal of natur- • 
al inenia. 

Ha,'ing to confront the distant future greatly com­
phc.atcs risk assessment and the development of con-

. scnsus for policy actions. To be effective. at least some 
actions must anticipate long-term impacts, before all 
of the scientific evidence is clear. Our political system 
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arguably is less effective at taking such actions than 
responding to a single large and immediate concern. 
On the other hand, the long-term nature of climate 
change risks means we can hone our scientific under­
swtding and policy responses over time; we need not 
do everything right away. 

.W. ...,._L 1n areas such as agriculture. man­
aged forestry, an1! human settlements. intuiuon and 
experience in other contexts suggest a medium-to­
high degree of potential adaptability to natural 
changes, gh'tn enough lead time and in\'estment. 
Adaptation possibilities include dc\'elopment of new 
plant varieties and crop patterns, changes in inigation 
technolog>~ relocation of coastal infrastructure. and 
expanded protection of wetlands to compensate for 
their potential future carnage. 

Adaptation may be difficult in some cases. for 
example, where damage occutS to natural ecosystems 
whose functions arc not well understood. But e\'en 
when acaptation capacit}' seems \'Cl')' limited. it 
should not automatically be treated as negligible 
lmpro,ing the capacity to adapt where it is weak-as 
in many poor. developing countries--m.ay be one of 
the most effecti\'e ways to respond to some .climate 
change risks, at least until the cost of stabili=ing 
atmospheric concentrations of greenhouse gases falls . 

1lrinlc irltmalionaly. Rich and poor countries argue 
over how the burden of greenhouse gas emissions 
reductions should be allocated. The ongoing tension 
can only be resolved by negotiation among the panics 
themselves. However. long-term global climate change 
risks will not diminish to any significant degree until 
total global emissions are reduced. and this \\ill requirc 
global cooperation. not just action by today's rich 
countries. This point deserves to be underscored in 
light of the likely future decline in the share of total 
emissions from ad\'anced industrial countries (current• 
ly about 50 percent) as economic growth proceeds in 
other areas. The efficacy of any policies the United 
States pursues to reduce climate change risks thus \\ill 
depend on the actions taken by others. 

r,,p lstr'1uliotd iDulS ii lllind. Climate change risks 
and response capacities vary with income level. There 
is also a fundamental asymmetry between the timing 
of response costs-which will largely be borne by the 
cumnt generation-and tht benefits of reduced cli­
mate change-which will largely accrue to future 
generations. This asymmetry means we cannot simply 
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compare the costs of reducing the risk with the value 
of enjo)ing the ultimate benefits. Instead. we must 
assess both the costs members of the current genera­
tion would bear and the strength of our concerns for . 
those who would be vulnerable in the future . These 
are economically and ethically complex questions 
about which we know little, and they require mature 
political debate. 

Estimatt contrw casts rdslicaly. Some people argue that 
market inefficiencies are so rife, and opponunities for 
inno,·ation so plentiful. that emissions abatement is a 
low-cost proposmon or one that might e\'en benefit 

. the economy This point of ,iew is in sharp contraSt to 
the outputs of economic models indicating that stabi­
li:mg emissions may cost as much as se\'eral percent 
of a countrys gross domestic product (impl)ing that 
deeper cuts in emissions to reduce greenhouse gas 
concentrauons m the atmosphere would be even more 
e>..-pensi,·e ). 

Most people who haYe looked at the debate seem 
to agree that some low-cost impro"ements in energ)' 
eff1c1ency e>..ist. for example. by reducing subsidies . 
and other market distonions. HoweYer. il is open to 
question whether these opponunities are substantial 
compared \\ith, say, the amount of abatement needed 
to stabilize greenhouse gas emissions. Against the 
backdrop of future increases in global energy demand. 
the cost of longer-term reductions in greenhouse gas 
emissions cannot help but rise unless funher progress 
occurs m the de,·elopment of nonf ossil energr altema­
m·es. In assessing medium- to long-tenn costs. it is a 
mistake to assume technical progress as a panacea for 
reducing abatement costs, or no technical progress at 
all. 

Another argument is that our tax system is so 
d1stoned that we can le,,· energy taxes to reduce 
greenhouse gas em1SSions and use the proceeds to 
lower other taxes that hamper economic growth. 
Howe\'er, recent analysis calls into question this "dou­
ble di\idend." The basic conclusion of this analysis is 
that broader-based taxes like those on income general­
ly create less overall economic distonion than narrow­
er-based taxes like those on energy. Thus, adjusting 
other taxes might dull the economic pain of an added 
energy w:. but not to negligible levels. Moreover. anr 
tinkering \\ith the tax system is possible only if politi• 
cians take the difficult step of imposing higher energ}' 
taxes in the first place . 

-IFF COUIICil Takes Up Climate Topic 
:..lbc RFF C0undl took up w topic of "Climate 

Cllange: Policy Issues and Optionsw 11 its seventh 
annual meeting in April. c.ouncil members heard 
from scienDsls IS wieJl 15 aperts in fO\,'fflU'DC\1, 

• .• -=-demi&, and the bu.mas and~ 
communities on this crttical and c:orurovmia1 issue. 

1n I plenary session on how to think about • 
climate change pobcy. RfF Senior fellow Michael 
Toman was joined by American Petroleum Institute 
Executive Vu:t President William O'Keefe and 
Daniel Lashof, a senior scientist at the Natural 
Resources Defense Counal. Toman and RFF Senior 
Fellow Raymond Kopp later led respective discus­
sions on technical responses to climate change an~ 
implementation of policxs. 

Rafe Pomerance, the U.S. Department of State's 
deputy assistant secretary for environment and 
development. spoke of the challenges of negotiating 
international cbmate agreements. Everett Ehrlich. 
the U.S. Oepanment of Corrunerce's under secretary 
of commerce for economic affairs, discussed the 
implications of climate change policies as they 
might affect the United States in particular. 

Most studies of greenhouse gas abatement costs 
assume the application of idealized least-cost pohcy 
measures like a comprehensi\'e ·emissions trading" 
program or a comprehensi\'e ·carbon tax" based on 
the carbon content of different fossil fuels . Abatement 
costs will be higher (perhaps considerably so) if less 
.than ideal policies are used in practice. The debate 
about which greenhouse gas reduction targets are 
appropriate cannot be conducted independent of 
discussions about what concrete measures can and 
should be used to actually restrict emissions. 

lllpRc■tloas for Pollcymaklng 
The decision framework I ha\'e described has several 
implications f (jr formulating pohcy 

• R,Mty;, ""liming al CJl1Ul1M MmlS rwluctioirs lo 
,tduc, ov,rr,I cmts. The potential cost savings from 
intenemporal flexibility in meeting a panicular long­
tenn emissions-reduction goal depend on the assump­
tions made, but it appears that sa,ings of at least 20 
percent or more are possible. Taking this approach 
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does not mean that all or even most pohcy actions are 
deferred to the future. It simply means that the 
emphasis is placed on sequential decisio~me of 
which are better taken sooner and others later. Unless 
we stan v.ith a longer-term perspective, it is impossi­
ble to consider such tradeoffs. 

m,,po,att ...,. ilanMs irlo tmissiotrs-ttti po«y. 
These incentives include carbon taxes on energy 
sources and various forms of tradable permit systems 
that would effectively establish quotas on emissions 
but allow their ttade. Sources with higher control • 
costs could (in effect) pay emitters with lower control 
costs to assume more of the reduction burden. 

l'roYid, oppor1lllities frx Missms ttducNons .,_ ,-ii,. 
One example of an abatement incentive program that 
takes place outside industrialized countries is the so­
called "joint implementation"·approach, whereby 
emitters in, say, the United States, can satisfy any 
emissions reductions requirements they face through 
actions that reduce emissions in other countries. 

. Formal emissions trading programs among sources in 
countries \\ith quantified emissions reduction targets 
also are possible. Significant practical questions need 
to be answered to structure flexible yet verifiable 
programs for international (and intenemporal) emis­
sions trading. However, the magnitude of the potential 
cost sa\ings underscores the value of seeking to over­
come these challenges. Depending on the assumptions 
made, sa\ings of SO percent or more seem possible. 

Build knowl,dg, and~ ltdr,oJogy. Even if we do all 
the best things possible to reduce emissions, given the 
current state of knowledge, economic growth--espe­
cially in developing countries-will continue to push 
up greenhouse gas emissions and atmospheric con­
centrations. Unlike limiting pollutant gases such as 
sulfur dioxide, for which a variety of technical control 
options is available, limiting carbon-dioxide emissions 
requires reduced energy use, greater energy efficiency. 
or substitution of energy sources with lower carbon 
content. 

14 llSOUl<lS SPIING 1'97 / ISSUI 127 

To avoid unacceptable chmate change risks ulti­
mately will require a fundamental change in our ener­
gy systems toward much greater reliance on other 
energ)' sources-solar, biomass. and possibly nuclear: 
To make the ttansition economically manageable will 
require continued or enhanced investments in basic 
and apphed knowledge. 

The government has an inescapable role to play 
not just in creating the incentives for private panics to 
seek better te~logies but also in funding the devel­
opment of basit knowledge about technology as well 
as climate change impacts. At the same time, we must 
recognize that our understanding of what policy can 
actually do to induce climate-friendly inno\·ation is 
weak at best. We must also recognize that diverting 
resources from other areas to research on low-carbon 
energy systems may well reduce innovation elsewhere 
in the economy-technical progress is not a free good. • 

ft7IIBf ,,,.,l,asis ot, ~ Adaptation is pan of an·• 
optimal response strategy in any event. Indeed, it is 
the means of transeending the narrower concern 
about our vulnerability to chmate change to a broader 
concern with global-scale changes that place stress on 
natural systems and pose threats to human well-being. 
Furthering human capacity to adapt to climate change 
entails investment in improved understanding of the 
options and their international application. It also 
entails adjusting economic and other distonions that 
hmit adaptation potential (such as assistance programs 
that subsidize coastal development or water use). In 
many cases, the best climate policy may have little to 
do with greenhouse gases or climate per se, and much 
more to do with developing better basic social infra­
strUctUres for natural resource conservation and use 
and for public health protection. 

Midal A. Tanai ""5 lff's &..., and Naual IISGlms DivisiDn and m 
-•a..--..ir.cyri,,n. 
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Global Environmental Forces 

THOMAS C. SCHEU.ING 

Greenhouse warming is global in at least two respects. Fust, carbon 
dioxide (CO2) and the other gases released or withheld anywhere on earth 
disperse rapidly into the global inventory. The location of origin makes 
no difference. Second, the effect will be a change in global circulation 
of air and water. Although the mean rise in atmospheric temperature is 
commonly used as an index of climate change, the change in temperature 
differential between equatorial and polar regions may be a better measure 
of global environmental forces. 

The standard point estimate of global warming for a doubling of the 
concentration of CO2 in the atmosphere is 3°C (National Research Council, 
1982). But it is usually estimated that the warming in the polar regions 
associated with this 3-degree average change might be 8 or 10 degrees, 
whereas the change in atmospheric temperature near the equator might be 
closer to 1 degree (National Research Council, 1982). Offhand this sounds 
like a welcome dispenion or temperature change: it will mainly get warmer 
where it is already very cold and warm up the least where it is already 
hoL But more significant is that it is the temperature gradients between 
equatorial and polar regions that drive the winds, which in tum drive the 
oceans, and a change of 7 or 8 degrees in the mean temperature difftrtnct 
will change the atmospheric and oceanic circulation much more than would 
a uniform global rise in atmospheric temperature. Most climates may get 
warmer, some will undoubtedly become cooler. But the observed changes 
will include not only temperature and temperature variation from season to 
season and year to year but also, probably .111ore importantly, the amounts, 
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76 THOMAS C SCHEU.ING 

the seasonal distribution, and the year-to-year variation in rainfall, snow, 
wind, fog, sunlight, humidity, and storms. 

For the purpose of comparing forthcoming changes in climate with 
changes experienced in the past, the mean global atmospheric tempera­
ture is probably not only a reliable index but something of a m~sure of 
magnitude. Using the commonly accepted 3-degree rise from a doubling 
of the atmospheric concentration as an approximation to what may be 
fonhcoming, the ensuing temperature will not only be well outside the 
range of atmospheric temperatures experienced in the past 10,000 years 
but may be several times the range of temperature variation experienced 
in that time. This observation is frequently expressed, and correctly, as 
a change in climate greater than any that mankind has experienced since 
the dawn of history. It is expressed more accurately as changes in cli­
mates-plural not s.ingular-because different climates around the globe 
will change differently. 

Without · belittling the unprecedented nature of such climate changes 
or the prospect of some change that is not gradual but catastrophic, it is 
fair to point out that most people will not undergo in the next 100 years 
changes in their local climates more drastic than the changes in climate thai 
people have undergone during the past 100 years. No climate changes are 
forecast that compare with moving from Boston to Irvine, California, or 
even perhaps from Irvine to Los Angeles. The Goths and the Vandals, the 
Romans and the Vikings, the 'Ianars and the Huns migrated through more 
drastic changes than any currently anticipated; Europeans who migrated to 
Nonh and South America similarly underwent drastic climate changes. In 
this country in 1860 barely 2 percent of the population lived outside the 
humid continental or subtropical climates; in 1980 the percentages outside 
these zones had increased from 2 percent to 22 percenL 

Furthennore the microclimates of urbanized Tokyo, Mexico City, and 
Los Angeles have not deterred their population growth; the microclimates 
of London and Pittsburgh changed dramatically during the century before 
1950 and have changed again almost as dramatically since then. Even 
urbanization itself, without the associated air pollution, changes the condi­
tions created by climate. Most Americans, Europeans, and Japanese never 
experience muddy roads anymore. 

The expectation is that climates will change gradually, both over time 
and over space (National Research Council, 1983:Ch. 1-3). The climate 
of Nebraska may gradually change into the current climate of Kansas, not 
into the climate of Massachusetts or Oregon. Cimates will "migrate." This 
expectation is on the whole reassuring, but it could be mistaken. The models 
used in the computer simulation of climate may be incapable of producing 
discontinuities because the current state of meteorological knowledge is 
confined to continuous. processes. There may · be no reason to expect 
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discontinuities, but the fact that the models produce no discontinuities may 
reflect an inability to design models based on the state of the art that can 
discover such phenomena. 

Aside from a possible rise in ocean level, which I shall discuss presently, 
the most predictable physical and economic consequences of climate change 
will be in agriculture. By "predictable" I mean not that the actual changes 
can be predicted but that it can be reliably predicted that there will 
be changes. These will be changes in rainfall, winter snow for summer 
irrigation, humidity, daylight and cloud cover, and perhaps the health and 
comfort of livestock. 

There is no reason tQ believe that the revolutionary improvements in 
agricultural productivity that have developed over the past 75 years and that 
in many cases have spread worldwide will not continue. Depletion of soils 
may continue, but control over plant and animal genetics and the possible 
production of new proteins may drastically change for the better what crops 
people will grow and what foods they will eat SO or 100 years from now. 
An increase in the cost of food production by 5 or 10 percent, even 20 
percent, which would be a somewhat extravagant estimate, may easily be 
offset many times over by another century's improvements in agricultural 
productivity. 

There will undoubtedly continue to be parts of the world • that arc 
intractably poor and dependent for a livelihood largely on local production 
of food or other climatically dependent crops. These countries may have 
little of the capacity to adapt that the more advanced countries can afford. 
So even i! the damage to food production may not average enough on 
a global scale to be cause for alarm-may not even be noticeable-there 
may be particular areas in which the damage to agriculture coupled with 
population growth could severely retard progress. (Population growth may 
be the more serious.) This situation may demand foreign aid to the poorest 
countries. I would ~either expect nor recommend foreign aid directly 
related to hardships induced by climate change, but rather aid to the 
poorcsL 

What I have said so far will sound to many readers as insufficiently 
alarmist. "Optimistic" it may appear. One reason for the unexcited tone, 
which I shall elaborate shortly, is pessimism, not optimism. I do not believe 
that serious m~ures will be taken over.the next quarter century to curtail 
the emissions of carbon into the atmosphere. I do not believe that even an 
alarmist appraisal will lead to a substantial policy response. I therefore do 
not believe that ~aggerating the dangers will serve a useful purpose. 

But there is, I acknowledge, another reason why my assessment is so 
mild. As I mentioned earlier, I am attempting to assess predicted changes, 
and it may be that our climate models predict only what we understand well 
enough to include in the models. Maybe we are also good at adapting to 
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phenomena we understand, as well as good at predicting them; and the ones 
we do not understand well enough to predict will cause difficulty because we 
do not understand them well enough to adapt In other words, there is bias 
in our assessment of dangers: those we understand well enough to perceive 
we understand well enough to overcome, those that we have no hints of 
may be the dangers we would least know how to meet and overcome. 
Reduced rainfall in Kansas 25 or SO years from now we may adapt to 
with moisture-conserving agricultural techniques, genetically altered crops 
that require less moisture, or the acquisition and transpon of water. The 
phenomenon is familiar, the adaptations are familiar, and the predictions 
are based on familiar principles of meteorology. 'The "collapse" of the West 
Antarctic Ice Sheet would be an altogether different phenomenon. 

As recently as 15 or 20 years ago, the accepted estimates were that 
the grounded ice-ice resting on the sea bottom and rising a kilometer 
or more above sea level-might, with a warming of the oceans attendant 
upon a warming of the atmosphere, slide or glaciate into the ocean within 
75 years, causing a 20-foot rise in sea level Like seismology in response 
to the test-ban controversy of the 1950s, glaciology has advanced in the 
past decade or two, assisted by satellite sensing, and the currently accepted 
estimates are that if that grounded ice should be added to the ocean lever 
it is likely to be gradual and to take several hundred years. The urgency 
of that panicular danger is thus reduced by an order of magnitude (unless 
funher rapid advances in the relevant glaciology bring comparable changes 
in estimates back in the opposite direction). What is worrisome is that 
there may be other phenomena, perhaps, like the ocean level, not being 
perceived as "climatic," that could be as devastating as a 20-foot rise in 
sea level and that will not, upon funher inspection, yield to more benign 
estimates. 

When asked for an example, I can of course protect myself by pointing 
out that predicting the unpredictable, foreseeing the unforeseen, especially 
as an amateur, cannot be demanded of me. But when I am in a mood to 
worry I think about possible changes in the Gulf Stream and the Japanese 
current. The current global circulation models, as I understand it, do not 
include changes in the direction and velocity of ocean currents, and I am 
not sure that enough is known about the response of ocean currents to 
changes in wind patterns to predict whether there may be cazasrropha, that 
is, ftipftops from one equilibrium to another, rather than gradual change. 
Thus, there may be a missing feedback loop from warming to winds to 
cun;ents to climate that, when added to the current models, will produce 
something more worrisome than the migration of the climate of Kansas to 
South Dakota. 

As I said at the outset, the problem is global; and that is why it is 
exceedingly unlikely that anything substantial will be done to curtail fossil 
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1 the ones fuel emissions. Any nation that attemp1S to mitipte changes in climate 
ecausewe through a unilateral program of energy consenation or fuel switching 

·ere is bias (or expensively saubbing CO2 from smokestacks) in the absence of some 
> perceive international rationing or compensation arrangement, pays alone the cost of 
:>, hints of · its program while sharing the beneft1S with the rest of the world. Consider 
>vercome. the Federal Republic of Germany, which accounts for about 4 percent of 
adapt to world's energy consumption and just about 4 percent of each of _lbe three 

:red crops fossil • fuels, coal, oil, and natural gas. If that country took the drastic 
• ! 

:ater. The step of reducing by one-third its consumption of fossil fuels, the cost in .. 

redictions lost productivity and consumer welfare, even if it were done gradually 
f the West over a period of two decades, could be equivalent to ~ percent of its I . 

n, gross national product while the concentration of CO2 in the atmosphere 
were that would be reduced by barely 1 percenL Even for the United States, the 
kilometer largest energy consumer of all, phasing in a one-third cutback in fossil fuel 
attendant consumption over the· next 20 yean at a cost perhaps equivalent to $150 

!ID within billion or $200 billion per year at today's prices and income levels, would 
response reduce emissions worldwide by less than 10 percenL The time to a doubling 

:ed in the of CO2 in the atmosphere might be reduced from something like 85 years 
, accepted to 80 years. I think it is a fair estimate that for no indmdual country, with l 

cean level the arguable exception of the United States, is it economical to curtail CO2 t 
' e urgency emissions unilaterally in the interest of retarding c:limate change. 

i 
:1e (unless ./Uly significant effon to curtail emissions would require an inter-
e changes national rationing regime, covering tbe larger fraction of world energy 
ne is that consumption, to ration the consumption of energy, or the consumption of 
not being fossil fuels, or the consumption of carbon, in some manner that could con- I. 
>Ot rise in fidently be expected to remain in force long enough to be effective, say 50 f 
re benign years or more. It would have to include the Soviet Union, it would have to . 

l include the People's Republic of China, and it may well have to include the • 
y pointing Organization of Petroleum Exponing Countries (OPEC). It would require 
especially mandating compliance on the pan of scores of nations that would greatly 
, mOOd to prefer to be outside the regime. And it would require for many nations 
Japanese trading urgently needed economic growth now for the dubious future ben-
it, do not eftts of a rationing scheme that depended on a more disparate membership 
and I am than even that of OPEC. Eventually, because most of the world's known 
Jrrents to coal resources are in the Soviet Union, China, and the United States, the ~ 

pha, that scheme would require those three nations to collaborate effectively and f. 
;; 

11 change. - indefinitely as , caneL ~ .- E 
winds to The political likelihood of solid and confidently expected collaboration 

, 
' 

I produce of that kind would be approximately i.ero if energy were a homogeneous 
Kansas to commodity consumed uniformly worldwide. But to put in effect a rationing 

scheme the impact of which will begin to bun and be effective only after 
why it is several decades of energy growth would require dealing with economic 

·tail fossil growth itself, and that in tum requires attention to things like population 
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growth (Ausubel and Nordhaus, 1983; Nordhaus and Yohe, 1983). Do the 
Chinese claim that a policy of zero population growth is more than sufficient 
IS a curtailment of energy use and that their country should therefore be 
exempt? Do the countries in the Organization for Economic Cooperation 
and Development panicipate IS a unit, negotiating long-term shares in 
energy growth? Is there any chance they could be more successful than 
they have been with defense budgets, oil imports, or agricultural trade? 

My pessimistic conclusion b that nothing of the sort is going to hap­
pen. I do not believe the Montreal Protocol on Substances that Deplete 
the Ozone Layer, signed in September 1987, is any harbinger for sup­
pression of CO,. Economically what is at stake is two or three orders of 
magnitude greater for fossil fuels than for cbloroftuoroc:arbons (tF'Cs) and 
the prospects for technological replacement of CFC.S are much brighter. 
(The Ozone Protocol does illustrate the need for worldwide collaboration 
to make restrictions worthwhile: the treaty takes effect only when ratified 
by nations representing tw0-thirds of world consumption.) 

U world politics change as much in the next 75 years as in the past 75, 
a . global fuel regime of 50ll1e kind may become possible, but none is now 
foreseeable. U I am· wrong, and world rationing of fossil fuels becomes 
economically and politically feasible, we shall still face the prospects for 
climate change. There is absolutely no possibWty that fossil fuel emissions 
can cease altogether in the foreseeable future, and even the most optimistic 
could hardly hope that fuel emissions would stop growing within the fore- • 
seeable future. A most ambitious goal migbt be to reduce by half the growth 
rate in fossil fuel emissions. (As the fraction of fossil fuels represented 
by petroleum and natural gas declines over the coming century, fossil fuel 
consumption will have to increase at less than half the unrestricted growth 
rate in order that carbon emissions be only half what they might otherwise 
be.) A not unreasonable estimate, for purposes of illustration only, of 
growth in fossil fuel consumption over the next half century might be 2 per­
cent per year, a rate at which the atmospheric concentration of CO, might 
double in about 8S ~ reaching 50 percent elevation in about SO years. 
Holding emissions to 1 percent growth would carry us beyond the middle 
of the next century before we reached concentrations half again as great as 
today's. The implied curtailment in emissions, at 1 percent compared with 
2 percent, would be 10 percent at the end of the ftnt decade, 2S percent 
at the end of three decades, and 40 percent by the end of he decades. 
That seems to me to. be the outside limit to what might be economically 
acceptable worldwide. (How that 40 percent aggregate cunailment would 
be shared among consuming nations I hesitate even to conjecture.) 

National programs to phase in nuclear power to replace fossil fuels for 
electricity, even for the production of hydrogen fuels, may again become 
popular. But it is still bard to measure the half-life of anxiety resulting from 
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the accidents at Three Mile Island and CbemobyL AIJ.y new reactors will 
have to be economical as well as clean. Cutting the growth of emissions 

. from 2 percent to 1 percent may well require all electric: power capacity in 
the future to be nuclear. 

' Energy conservation measures deserve emphatic: attention. but invest­
ments in conservation will mainly be limited to what the private economy 
finds economical National or international polfc:y will probably be limited 
to research, development. demonstration. and technology transmmion. 
Energy-efficient investments may yet get a boost from another doubling or 
more of the price of crude oil, but that is probably not a boost to be boped 
for. 

What else may be done to cope with the greenhouse problem? CO2 
can be removed from the atmosphere by increasing the mass of living 
vegetation or by "refossilizing" timber, burying it underground or in the 
ocean or coating it so that it cannot oxidize. And CO2 can be scrubbed from 
smokestacks at very substantial expense. Probably at enormous expense, 
some attenuation could be achieved in this fashion. (Some small increase in 
the carbon density of forests may result natunlly from the enhancement of 
CO2 in the atmosphere.) The concentration of CO2 will therefore certainly 
increase, and at an increasing rate, and I consider it unlikely that we shall 
be rescued much before the concentration has nearly doubled. 

The main response will be adaptation. and most of that by ordinary 
people and businesses. Some of the adaptation will be by governments, but 
local and regional governments as much as national governments. There 
will be changing climates to cope with, changing urbanization, changing 
population densities, and in most countries probably drastic changes in 
the ways that people live and work and transpon themselves, perhaps 
significant changes in what they eaL Much of the adaptation will seem 
generally "environmental" rather than speciftcally climate oriented. And, 
of course, there is oontinuous adaptation to climate even when it is •nOt 
changing: we change the technology and the efficacy with wbich we beat 
ourselves and cool ourselves and clean our air and protect ourselves from 
storms and cope with droughts and floods and dispose of snow. The pace 
of change may be such that people will find themselves adapting to climau 
rather than to changing climau. Just as businesses shift to take advantage 
of better productive climates, they wD1 keep shifting to better climates 
with perhaps small regard for the prospects of changing climates in given 
locations. 

There remains to be discussed a response to climate change that re­
ceives so little attention that it deserves emphasis here-direct intervention 
in weather and climate. When Thomas F. Malone was chairman of the 
Committee on Atmospheric Sciences of the National Research Council, he 
wrote, 20 years ago, "The possibility that large effects may be produced • 
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from relatively modes_t but highly selective human interventions opens up 
the ~ibility that weather and climate modification may some day be 
operationally feasible" (Malone, 1968:1136). And or the modification of 
hurricanes he said, "If five years are allowed for the development of an ad­
equate mathematical model, ftve more years for as.,essing the consequences 
of interventions or various kinds, and then ten years of field experimenta• 
lion for validation, it seems unreasonable to eipec:t much before 1990, with 
the probabilities fair to good that a proYen technology will exist by the year 
2000." He added, '"The probability of success in broad climate m9dification 
is likely to exceed SO percent by the year 2018" (1968:1138), that being the 
SO-year mark from the time he wrote. 

Most experiments with weather modi1lcation or with changing geo­
graphical features that may lead to climate change have been local and 
regional That has been true or cloud seeding and would be true or the 
manipulation or hurricanes. In a d~ion of greenhouse warming, the 
possibility or global intervention bas to be considered. An important kind 
of human intervention in global climate may be effons to change the ra­
diation balance itself. We know it can be done: we are doing iL That is 
what the greenhouse discussion is all abouL The fact that we are doing it 
unintentionally, and the fact that the comequences may not be welcome, do 
not contradict that we know bow, at some expense ff necessary, to change 
the world's climate more than it bas changed in the last 10,000 years. 

\lhm1ing the atmosphere currently is more economical than cooling 
it because it happens as a by-product of energy consumption that would 
be costly to reduce or terminate. If we were faced with a "little Ice Age" 
over the next century, we might be glad to get some of that CO2 in the 
atmosphere at no cost and without havin& to negotiate climate change 
diplomatically. 

But we tnow that, in principle, cooling could be arranged. ~Jeanie 
eruptions have done iL Discussions of "'nuclear winter" took seriously the 
possibility that human activity might lower global temperatures cataclysmi­
cally. Considering the development of nuclear energy in both its c::rplosive 
and its controlled uses and the feat of landing a team on the moon and 
returning it safely, and that we now know bow to warm the earth's atmo­
sphere and possibly to cool ft (though through unacceptable means), we 
should not rule out that technologies for global cooling. perhaps by inject­
ing the right particulates into the stratosphere, perhaps by subtler means, 
will become economical during comin& decades. 

A more benign example, compared with nuclear· winter or induced 
volcanic eruptions, may be the manipulation of cloud COYer. Let me again 
quote Thomas Malone (1968:113S). 

• A chanc:leristic or the 1t11K11pbeft that fnastntes the weather forecaster while 
pcuvidin& • bull fOC' oplimilm oo lbe pan ol tbe weather modiler la I tendalcy 
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for the pl"OCalCS in tbe atm01pbere to demonante cenain traits oC Instability .•• • 
For crample, a small pu~-rype cloud may pow to a l0WCrin1 thundeatorm 
In a matter oC boun; a sentJe iephyr in tropical latitudes may develop into a 
•t111er" hurricane in a -matter oC days; and a small low-prmun: center may crow 
to a Yipous atratropical cyclone within a sin&le day .•.. An avenue may be 
opened up by whicb pat elrec:ts may be produced Crom relatively modest but 
bi&hly selective human interventions. 
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If somebody learned in the next SO years bow to affect the extent and global 
distribution of certain kinds of cloud cover. incoming radiation may become 
manipulable by nations, international agencies, or even interested private 
organizations. depending on the nature of the technology, its expense, and 
perhaps geographical considerations. . 

It is difficult to mention such a possibility without appearing to rec­
ommend it, or to use it as a "technological fix'! in the future to diven 
attention from some need for immediate policy intervention. I am not rec­
ommending, I am prcilicting. Independently of CO2• we have to consider 
that weather and climate modification may become feasible in a period of 
time no longer than the elapsed time since electronics, genetics, antibiotics, 
and nuclear fission were unimagined. The greenhouse warming may gen­
erate an interest among most nations in moderating the changed radiation 
balance. and if it proves more expensive to facilitate outgoing radiation 
than to obstruct incoming. there may be powerful motives for considering 
iL And if the technique for moderating incoming radiation were globally 
uniform or nearly so, an international agreement would have only to decide 
bow to share the costs, ·a unidimensional problem compared with sharing 
the reduction of emmions. 

If intervention is more regional than global, or global but not uniform 
in its distribution, intervention could become exceedingly controversial. 
Mexico and China are counting on those hurricanes-they are an essential 
source of rainfall for crops-whereas the Cubans. Filipinos, Japanese, and 
residents of the 1exas coast would suppress them if they knew bow. • 

In closing I must say a word about sea leveL I believe the current 
wisdom is that we may be in for rising sea level that could be on the 
order of a meter per century for several centuries (Robin. 1986). Anything 
upwards of a meter, perhaps even half a meter. would primarily be due 
to the collapse of the West Antarctic Ice SbeeL The full 20.foot rise 

.corresponding to the complete disappearance of that body of ice would put 
the White House rose garden under water, make Beacon HW in Boston 
an island, and isolate the southern third of Florida by making the middle 
third disappear under water. 

A country like the United States should be able to adapt (eventually by 
doing, perhaps, what the Dutch have been doing for centuries-constructing 
dikes). No such "easy" solution is available to a country like Bangladesh, 
which is densely populated in large areas that would be in1lndated by the 
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full sea level rise, and which could not be protected with dikes. (I! dikes 
were erected along the coastline to protect against seawater flooding, the 
area would simply be ftooded with fresh water that could not ftow out to 
sea.) 

If current estimates hold up, the potential devastation of rising sea 
level will mainly be 100 years away, and the government or Bangladesh 
should worry much more about population and productivity than climate 
change. If the more prosperous nations were prepared to help Bangladesh 
at great expense to themselves, aid now would probably appeal more to 
Bangladesh than heroic efforts to forestall floods a century heace. (That 
country already has floods to cope with .in this century!) 

&timates of rising sea levels depend not only on thermal warming of 
the oceans, melting of glaciers, and what happens to the West Antarctic 
Ice Sheet; they can also depend on what happens to the Antarctic climate. 
There has been some conjecture that a warming of the South Polar air may 
lead to greater snowfall on Antarctica. The area of Antarctica is about 
one-fortieth the area 9f the oceans; a 1-centimeter rise in ocean level would 
be offset by a 4Ckentimeter rise in the water content of the snowfall on 
Antarctica, or an average snowfall of 4 meters per year. Storing water as 
ice on Antarctica might be the ideal solution to the water-level problem. 
Even the people most offended at the thought of deh"berately tampering 
with our climate to offset the greenhouse gases may agree that learning to • 
make it snow on Antarctica is a worthwhile project for the next century. 
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Reflections on the Economics of 
Climate Change 

William D. Nordhaus 

Alben Einstein 's reaction to quantum mechanics was "God don not play 
dice with the uni\'erK." Yet mankind ;~ pla~·ing dice with the natural 
em·ironment through a multitude of inten·entions-injccting into the 

atmosphere trace g,ues like the grttnhouse gases or ozone-depleting chemicals, 
engineering maHh·e land-use changes sut'h as deforntation. depleting multi­
tudes of species in their natural habitats e\·en " ·hilc.• creating transgenic ones in 
the labor.uo~·. and ac.·cumulating sufiident nudear "·eapons to destroy human 
ch-ili,.ations. A" natural or soc:ial Kientists. " ·c.· nttd tu understand the human 
sourc.·e!I of thnc.- global c.·hanKc.-... the potential dama1,tc.- the~· C-.AUK to natural and 
t•1:unomi<. sy,1em!I. and the.· m,..,,, dlide111 " ·a~·" of allc.·\·iating or remo\'ing the 
danKl'f!I. Ju,1 a" 1u"·n, in lltnc.·, pasl cktidc.·d cm the.· m.anagement of their 
gra,ing or watc.·r rc.~,unc.·"· ,,o nn1'1 " ·t• 111cl,I\ and in the future learn to UK 

" ·i!,d~ .and 111 prutc.'t, t't u1111mit .all~ om , 0111111011 Kt'1tf>h~·sk.al .and biological 
re!lourc.c:!I. ·n,i, task of undc.·r,1.amling and c.murullinK i111c.·n·c-ntiuns on a global 
snll' t'an he: c·allc.·d man.agin,: 1hc.· Kluh,11 ,01111111111,. 

·nw issue.· anal~·,c.·d in 1hi, ,,mpc,sium i, the.· tl1rc.·a1 ol Jtft-c.•nhuuse warming. 
Clima1ulogish and othc.·r M·ic.·mi,1, w·arn th.at the: al'rumulation of c..1rbon diox­
ide.· (C<>::> and othc.-r gret•nhuu"· t,ta"'-'' i, liL.,·h 111 k·ad 111 Kluhal warming and 
other signific·ant dimatic· daan..:,.., o,,.,. tlw nt•'.\I u·ntun . M.sn~ M·ientific: bodies, 
.alontt w·ith ii grow·in.c daoru, ol t"n,irunm,·111.al a:wup, .md ,co\'l'ntments, are 
l'.AllinK for sc.·,·erc c:urbi- 011 th,· t"t11i .... i11n, ol a:u'l·nl11111\t0 JCa~~. In rnponK, 
gm·ernments lt.1\'l' rt.•n~ntl~ apprm,·cl ii h .im,"'u' L tu·.at, un ,limate change 10 

■ H'ill,n• D . .\'ordhnu. , i., :t. lflt1t11r\ t ,m11 ,J,/ ,,,,,,,""' ••I ' ·"'"""''" u11d 011 th, stnff 

of th, C:OU,(,, Fuundat11111. )u/, l '11n.,.,,,1, . . , ·,.., ll,11-,·11. ,.,,,,,,,,,,,,,,. 
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monitor trends and natural efforts. and this treaty formed the centerpiece of 
the Eanh Summit held in Rio in June 1992.1 

l\atur.al scientists ha\'c pondered the question of greenhouse warming for a 
century. Only recently ha\'e economists begun to tackle the issue. studying the 
impacts of climate change, the costs of slowing climate change. and ahernative 
approaches for implementing policies. The intellectual challenge here is daunt• 
ing for those who take poli~· analysis seriously, raising formidable issues of 
data, modeling. unccnainty, international coordination. and institutional de• 
sign . In addition. the economic stakes arc enormous. im·oh-ing im·estments on 
the order of hundreds of billions of dollars a year to slow or pre,·ent climatt' 
change. 

~ty purpose here is to pro\'ide a non-technical introduction to the eco• 
nomics of climate change. I will sketch the scientific background and unccnain­
ties. sun·ey the result~ of existing studies of the impacts of climate change. 
present a summary of a study of efficient policies to slow global warming. and 
end with the uncertainties that haunt the entire field . 

The Scie~tific Background 

\\'hat is the grc.·t·nhnuse effect:- It is the process by which radiati\'ely active 
1,ta~·s lil.t· C:0:1 sdt•ni,ely ah~•rh radiation at different points of the spectrum 
and tlwrd>\' warm tht· liUrfan· oftht· earth. The greenhouse gases are transpar• 
c:nl 111 imumi11~ !>C1l.n radiation hut absorb significant amounts of outgoing 
rac.li.11in11 . There: i~ no dd>att· about the: importance of the greenhouse effect. 
wi1l11111t "hil'h 1lw Earth\ dimah· would rc:semble the moon's.:/ 

<.unu·rn ;1hout tlu- .:n·t·nhot1't' dlt.'t·t arises because human activities an~ 
n1nt·nth rai,.ini,: ;umc"pht:ri, tontt·ntrations of ~reenhouse gases. The major 
antl11upo1,tt·ni, i,:n·t·nh1111't· lot""'' ;1rt· ,·.,rhon dioxidl' (emitted primarily from 
tht· t11mh1Mion ol l,",il lud,). mt·thanc:. and chlorofluorocarbons (CFCs)-hut 
ul tlu·,,· CO;: i, lil.t·h 111 he: tht· mo,t ~ii,tnificant m·er the: c:oming dec;ades. 
St it·1111hc 1111111i1mi11),! Ii.,, lirmh t·s1 ;1hlislit·d the: buildup of tht· major green­
huu"· J:•'"'' on·r i lu· l.1,1 u·111111·, . l ',-inJ.: t lw Manda rel hu1 prohlt.·matical nll'I rk 
ol th,· "( .().: t·c111i,,1lt·111 .. ol ,:n·t•nlum~t· J:a,c:~.:' atmu~pherk t·mu:c111ra1iuns of 
i,:rt·t·11h1111't· i,t;N'' h,l\t· I i't·n II\ mt•r h;1II of lilt.' prc:industrial le\'c:I of co:/. 

\\"hilt· 1lu· hi,111m ,ti u-c uni i, \\t·II t-..1ahli!dted. there is grc:;11 unt"ertai111y 
ahmu 1h,· l"•1t·nti.1I 1111 h11111t· c lim.111 - , hani,tt· . On the: basis of dimatt• n111dels . 

•.-..,m .. lh Lu, ... 11 ... 1lu· I 11,,,., I , ...... .,. l 1111h-11·1111· .11 .. •.11,i11111nlt'm .iml l>.·n·l,11>111,•111 Cl''.'\Ct:lll. 

1hr t..enli '""'"'" ..... ''" , 11lmm"'" '" ul .... rtl11t1 h• 11·.11 h 11111·n1,u iunal al{n"\'IIK'l'II• on d1111a1,·. 
lorl"'t. htt•I""' "'" .atttl ,..,,.,.,'"""°'It' . .a• ••·II ·" ,,. 1k'\1·li,p pnm 1pk•J lur r1nir1111111,•111.ilh w,111111 

C'C'tN11m11, tlnrli1111w111 
~A 1Htn• ........... 1 ,1, • ., .. ,,.,.,,. ,,t th• .. ,..,.,,. 111ttl1·1h1111( 1hr ,:rn-nhnu!IC' rflfft is nmt.iinC'd in 
Si1lt1K1,al ·"' ,1tlrlll\ ,,t .,. ,.., .. , • II•••~ I -\ , .... , •N11th ,unr\ . lull of inlc.-rn&ing li,turn and bilrk• 
,trouncl. •• 11in1.au .... 1 tu 11, I I I,.,,.., 
'llnilu..- ftllTnlttNt., . i:.a..-, h.au· ddk·1111i: htc·11m,-... 111n1hi11in1t thrm into a sinitk: indl'X of their 
"( :< >:1 "l111\ .. l,·1t1" ,.,..., • ""'I°""' .. • ·11111 .... ,wl ,., "'""'"' cpK"'linm. a 1 Sc·hmilk·nWt' ( 199:4_) ~111, .. , . 
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Figurt 1 
Projections of Global T empenture Increase: 
IPCC Report and DICE Model . 

6 

5 
... 

191Kl 19:,11 :.!INNI 2100 -

,\'au: IPC:C: Kc.-porr •~ lrnm ln1l'r,:11\rrnnw111 .. 11' .. 11rl un ( .hn1.11t• <:tian,ir (1990). • ·hile DICE modl'I 
is from :'\nrdh:.iu, 119'J:\l. Th,· t1 .. ,h,,I lnK·• ""' hom ll'CC Krporr amt rq,rnt-nt, front top 10 
hotrnm. hi1th r,11111:.itt•. tx ... , <"llntJh- . ""'I lo,,. ,..,, ... ..,,, 1111· .. ,hcl hm.., .art· lrnm thl' DICE modl'I 
.and rl'prrM'lll . Imm top 111 11111111111. th,· •tt11h. :,tllh . .,,.,1 ltlth P'"'"'"~ nl c.alcul.Atl'd tl'fflpl'raturl' 
incrl'it~ Imm :'tCMI Monu· C.arlo run• l11 1111th ,., .... _ tlH · , h.1111:"" ''1"-"' tl'mpttaturl' incrl'Ul'S 
from l~Hl. 

scienti!"lts pn~jc:ct th.at a doultl111i: of 1tu- Jllll•~ptu·ric ,onu·mration!"I of CO2 "'ill 
in t"quilihrium lt·ad 1n .1 "·.111111111: 1111hc· ,·.1111t ·, ,urf.rll' 111 t 10 :, degree Celsius; 
other prc~jt"clc.-d .and t'<jll.tlh 11111 t·rt.un t'lfc·c 1, me lucl,· an muc:aM.· in precipita­
tion .and c.-,·.aporation. a !"lm.,11 .. ,... 111 ..... , lt-H·I u\l'I the· nc:xt ,·t·ntu~'. and the 
p<>tl'ntial for houc:r and elm·, "'t·ath,·r III nucl"" 1i111im·111i.al rt·,cion!"I ~uch as the 
l".S. midwc."st. .-\tmospht·ric "'1t·1111,t, h,l\c· c·n,:.r,:,·d in .1 spiritt•d dt"hatc about 
the: climatir imp.tel of inc u· ..... 11,: ,:n .. ·nl111u"'·•,:;1, ccmn·111ratin11!"1. but it is 
unlikely th,11 tht· u11n·rt.11111K·, "'111 he· tt· ... ,lwcl 1111111 thi, , ·.a!II geophysical 
cxperimc:111 has run i1s c:out ,... 

To translatl' 1hcst· t'CfU1hh1111m n-..uh, mtu .a 1•111jt't lion of huure climate 
changt' rc:quin.'!I a scenario 1111 rm,,,11111, Juel 1111tc,·1111.11H111,. t ·sing rudimen­
,a~· t-conomk modeling. 1h,· h11t·t ~11\t·111111c·111.al l'.an.-1 un Chni.nt· Change for 
IJ>CC.:). an international p.uwl nf 1h,1m.:111,ftt·cl """"""""'· 1m~jt.•nt-<I that "busi­
ness .t!"I usual'' "'·ould produu· .a :, tu h clc·a,:1e .. • ( "'.a1111111,: in :.? I 00 ( relati\'e to 
1 YOO) "·i1h the best guns bl'1i1,: -t clr,:u,-, ( I he· cl.a,hc-cl lmr, in t·igure I sho"· 
the high. best, and lo"· ntim.a1.-.. hnm 1hc· If'(< . 

I ha,·e r«cnd~· ult'd a chn.amK 0191111111.11"'" ntt•lrl hhl' OJC.:E model, 
dcscribt-d mort" full~- l.atl'r in 1h1, p.aJN'I I ,,. clc·u·l11p .a clt,1rihu1ion of future 
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temperature increases. Figure 1 shows as solid lines the 10th, 50th, and 90th 
percentiles of the temperature-increase distribution from the DICE model. In 
generat, economic models project rising relative energy prices and slowing 
economic growth in the coming decades; as a result, they tend to show lower 
emissions and temperature trends than the extrapolative approaches often 
used in the icientific community and exemplified by the I PCC projections. 
However, vinually all projections arc worrisome because climate appcan to be 
heading out of the historical range of temperatures wimcsscd during the span 
of human ci"ilizations. 

Climate models resemble large macroeconomic models in their ability to 
answer vinually any question that modclen care to ask. However, the reliability 
of climate models for global climate changes is unproven. and climate modelers 
do not expect to be able to forecast regional climates accurately in the foresee­
able future. Some belie\'e that there may be .. regime changes" in which the 
climate ftips from one locally stable equilibrium to another, say because of 
changes in ocean circulation. Elaborating bigger and beucr models will provide 
fruitful full cmplo)·mcnt for climatologists well into the next century. 

Impacts of Climate Change 

What arc the likely impacts of projected climate changes over the next 
ccntu~-~ To begin. " 't' should recognize that in the long-march of economic 
dt",·dopmcnt, tc-dmulogy has increasingly insulated humans and economic 
acti,·ity from tht" ,·agarin of climate. Two centuries ago, work and recreation 
"·,·rr dictated b~- tht· c~-d~ of daylight. the seasons. and the agricultural 
ttrn"·ing season. 

Today, thanks tu mndt"rn trchnulogy. humans live and thrive in vinually 
C\'t"r\ climatt" on ranh. •·or thl' hulk of rconomic acti\'it)', ,·ariablcs like wages, 
uniuni1.ation. lahor-forct" sl.ills. and political facton swamp climatic considera­
tion~. \\'hen a manufarturin~ firm decides between im·esting in Hong Kong 
and ~Iosco"·. di matt" " ·ill prob.ably. not c,·cn be on the list of factors considered. 
Mun•o,·cr. the.- proft•u of «onomi<' dc,·elopmcnt and technological change tend 
prc'jtrri,si,·d~- to rrdufr dimatr Knsiti\·it~· as the share of agricuhure in output 
ancl t"mploymrnl drdint"!i and as capital-intensive space heating and cooling, 
t'mlo"'·d shoppin~ mall5, artitidal sno"·· and accuratt' wcatht'r or hurricant' 
fort•n,1ing rnlm'"' thl" ,·ulner.ahilii ~-of economic acti\'ity to weather. 

In thinkintc ahouf the- impart of dimalt' change, one must recognize that 
1hr ,.ari.ahlt· fc,rn,~·cl on in nu~t ,mal~·K"s-globally averaged surfact' tempera­
ture-ha, link· '-lltt•ntl' lur imp.uc!I. R..tht'r, ,·ambles that accompany or arc 
thl' re"uh of trm11t•r;at111r ,ta.m.cn-prl'Cipitation, water levels. cxtrcmt'S of 
druu~lm or lrttll" . .ancl thtl"hold, lilt' tht' frttzing point or tht' lt'vcl of dikes 
and lt'\n-o.--·ill clmr th,· ,_.. iu,-. utmmic impacts. Mean temperature is chosen 
bccautt• it i, a uwtul ,Ndri nt ,·lim;att" c:hangc that is highly correlated with or 

.,,,, 
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determines the more important variables. Moreover, it must be emphasized 
that impact studies arc in their infancy and that studies of low-income regions 
arc vinually non-existent. . 

Existing research uses a wide variety of approaches including time-series 
analysis, engineering studies, and historical analogs. Climate change is likely to 
have different effects on different sectort· and in different countries. 4 In gen­
eral, those sccton of the economy that depend heavily on unmanaged ecosys­
tems-that is, arc heavily dependent upon naturally occurring rainfall, runoff, 
or temperatures-will be most sensitive to climate change. Agriculture, forestry, 
outdoor recreation, and coastal activities fall in this category. Countries like 
Japan or the United States arc relatively insulated from climate change while 
developing countries like India arc more \'ulnerablc. 

This survey of impacts will concentrate primarily upon the United Scates, 
because that is where the evidence is most abundant. In reality, most of the 
U.S. economy has)ittle direct interaction "-'ith climate. For example, cardiovas­
cular surge11· and parallel supercomputing arc undertaken · in carefully con­
trolled en\'ironments and arc unlikely to be direct)~· affected by climate change. 
More generally, underground mining. most services, communications, and 
manufacturing arc sccton lik~ly to be largely unaffected by climate 
changt"-scctors that comprise around 85 percent of GDP. 

A fc"· studies ha,·c cstimatt'd tht' impact of an rquilibrium CO2 doubling 
(2.5 to 3 dcgrtts C) on tht' l'nitt"d States. and the results of three such surveys 
arc shown in Table I. The first column of Table I shows the results of 
="ordhaus ( 1991) updatt"d to l 9!'1X prices. The other two comprehensive studies 
by Clint" (1992) and Fankhaust"r (1993) use.- largely the same data base but 
extt'nd the ~urdhaus anah·si" 111 other sectors. The com·t"ntion used in most 
damage studies is to calculatt· impacts in terms of today"s le,·rl and composition 
of output. Hence. the S5:l billion estimate of damal{e from CO2 doubling 
cstimatc.-d by Clint' and shmrn m Tablt' I supt'rimposcs tht' ntimated impacts 
that would occur rou~hly a ccmtu~· from no"· upon today's cconom)·· 

Cline has performed tht· most detailc:d ~nnomic anal~·sis of the potential 
impact of climate change on a number of market and non-market sectors. and 
tht' o,·erall rcsuhs art" sho,,.·n in the St'Cond column of Table I. While Cline 
rxamined a "·ide ,·.1riet~· ul po"iblc.· impa<h. mam· of thr ntima1es art" ex­
trt'mdy tl'nunus and ma)· lc.-an to"·ard m·rrt'stimatinR thr impacts. For exam­
ple, Clinr's ntimatrs uf tht" impat't of k.t!i!in from saorms assumr that storms 
becomr morr K'\'t"fr, "·hrrra, hoth tht" IPCC .end ttk- S.i1ion;1l Academy studies 
concluded that thr cff«a of warminR on scurm intt"nsit~· i1 ambiRuous. Another 
rumplt' is leisure acti,·itin. "·hrrr he.· indudc."' uni,· lo,sc.-s tu skiint( but excludes 
any gains from the much lar,cc-r " ·.irm•"r.atht"I imJustri~ \uch as camping. 

4A11 t'arh· rn·w-·. rmphawin111hr p111rn11 .. 1 ,.,,,, ,of I hn,,.,r ,h .. ncr . ,, ., ... ,,.,llf"CI 1n EPA U9H9). A 
mott babncC'd apprnacll, f'fflphawmic 1hr 1•11m11 .. 1 1t,1 ..... ,,.,.,.,,., . " cun1.a1Md in S11ional 
Acadffll,· ol Snmcn C IW.l). 
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Tablt J 
Comparison of Estimates of Impact of Global Warming on the United States: 
Impact OD Incomes of col Doubling 
( in billions of l 988 U.S. dollars ptr year) 

NONMKS 

Heavily affttttd 1tt1on 
Agricuhu~ I 
Coasaala~.u 10.7 
Enrrr.· 0.5 

Olhrr 1«1on 38.1 
Wnland and 1pttie-s loss II 

Haith and amrnn,. h 

Olhrr h 

Taul: billions ors 50.3 
( Pmntt of IHllpMt 1 / .0 

CJi,v 

15.2 
2.5 
9 

7.1 
8.4 

11.2 

.53.4 
I.I 

•Rrfrrtncn arr ~urdh.lu, ( 1991 ), Oinr ( 199:?). Fanlhauser (1993). 
11Thnt" arr i~ludtd in lht' 1e11al for "'othtt 1tt1on." 

F alllAltn w,r 

7.4 
2.3 
0 

14 .1! 
30.3 
l:? . I 

66.9 
J.J 

boati.ng. and s"·imming. In agricuhurc, Cline relics on estimates that involve 
little or nu adapta1ion. for heahh effects, Cline bases his estimates on a study 
tha1 ,·inually ittnort"s adaptation. For species loss, Cline takes a very costly 
dc.-cision hha1 ul tht· Sonht"rn spotted owl) and uses that as the basis for 
,·aluation. l:n·n "iah 1hi" 1endl'nn: cu Stt the pessimistic side of global warming. 
Cline·s ntim.1te!I uf impacts are onl,· marginally above those found in other 
studi,·, (I.I pen-t"nl ol c;sr for a :!.5 degree C warming in Cline, as opposed to 
I perct"nl uf (;s P tor .a :1 dcptt "·arming in Nordhaus). 

A third appru.u h is a compilation by Fankhauser (1993). This study 
cmplm·, much thc- s.anlt' methodulog\' as ~ordhaus and Cline but uses addi­
tional studies and cxlt•mb thl" anal,·sis to the OECD countries and to the world. 
Fankhau~rs rt"suh, art" \ 't.'~ dost• to those in earlier studies, finding a 
1.3 per<c-111 impan ul a~ dc,trn· "·arming for the United States. 

A full as!ln!lnlt'lll ol tht" imp.1c1 of ttrttnhouse warming must, of course, 
includr rl",cions out~idt· 1hr l 'ni1rd Stain. To date, studies for other countries 
arc fr.1,cml"ntu~ .• mcl ii ,, noc f>C"~ihlr 10 make any general conclusions at this 
time. A prd1min.an rc .. clm.c i, 1h.a1 otht•r ad,·anced industrial countries will 
cxpcril"ntc.• mud'"'' imp.tc 1, Mmil.ar 10 tho~ of the Uni_tcd States, and some may 
c,·cn h.a,·r nl"l nuuomN hc-nt"h1,; tor c-umple. Fankhauser 0993) extends his 
analysi" .. nd t"'IIIIIJln 1011"'("'1 from CO:: doubling of I.◄ percent to OECD 
countrit•, ,.,ul I.:• lu1 1ht• •u1hl. :\11u1h,·r rs1imatc, more qualitative in nature, is 
an intcn,i,c- ,unt", ul "i.;pt·rh un tht• economic impacts of climate change 
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(Nordhaus, 1993b). For a 3 degree C warming in 2090, the median response 
was an economic loss of J .8 percent of world output. However, there is great 
uncertainty: the median estimate of the J 0th percentile of outcomes is for no 
impact, while the median estimate of the 90th percentile of outcomes is for a 
5.5 percent loss of world output. 

All these studies indicate the great urrcenainty about the impact of climate 
change. More recent Jnalysis suggests that the studies reported in Table J may 
well overestimate the impact of climate change because they ignore many ways 
in which economics can adapt to changing climate. One kind of adaptation 
ignored in most studies is the buffering of shocks by trade. A study by Reilly 
and Hohmann 0993) begins -ith the results of agricultural production­
function studies such as those used in Table l; these studies estimate the impact 
of climate change on crop yields in indi\'idual regions. These ~·ield estimates are 
then imbcdded in a model of international tr.ade. Reilly and Hohmann find 
that trade tends to reduce the economic impacts by a factor of from five to ten 
as reactions of supply and demand buffer production shocks. For example, the 
estimated impact of a substantial (30 percent) ~·ield shock in temperate regions, 
buffered by the adapth·e response in markets, produces a negligible impact on 
incomes: 0.06 percent of income: for the l' .S. and 0.08 percent loss for the 
world o,·er a period of nearly a century. This careful study is a good lesson on 
how impact estimates often tend to exaggerate losses while ignoring gains and 
adaptations.~ 

Another approach to measuring imp.act5 is a "Ricardian" analysis that 
estimates the rents to climatt" in panicular climate: zones and then uses these to 
estimate the impact of climate.· change on income:. The Ricardian approach is 
useful bc.-causc: it allow5 all lnrm5 of adaptation. whc.'rc:as the production­
function apprc>.1ches omit all hut a ft>w forms nl ad.iptatinn to changing climate. 
A study by ~lt"nddsohn. :\urdh.aus. ancl Slmw ( H~l:\a. h) d«:n•lnped such an 
approach h~· c:xaminini,t the.· impact of dim;Ut· on l'.S. ai,cric1ltur«:. This study 
usc:s cross-sc:cticmal data on d1111a1c.·. farm-land priu·s. ancl othc.-r c.-conomic and 
gcuph~·sical data for almos1 j(HHI n»umic.·s in tht· l 'niwcl St;uc.·s. 

Applying the model lo .a trloh.al-'11·arminJ,t M·«:nariu fnunct .a r.anJte of im­
pacts. Th" tradi1iunal anal~·si, nl ~lohal "·arminJ,t anal\'/t"' thl· impan upon the 

~One- fflt!lhl ,u,pc'('t th.it IIIC'rt' " oltrn •" 11111,m .. ""'' tmp111,... to tuNI , ,,.., .and ltllMtre· ht-ndiu, uf 
clim.1tc- chan,rt' . A cnmp.irn,ott ult"'"""' ol ""''"'' ,, "'"''" tl\r 1111111, IMJN'I t . Almc..i t"·o dt·udn 
•1110. a wr- of '1udtr' .-a~ undc-n•'-"' 111 tn\l"ltat••r 1hr lffllM< t col 1111:ltt• ·.II the· Mr;,tel!lpttc'rc- on 
pilwl ,,_,,.t , Suadtn In· d'Ar•r "'"I ,,.ltrt• l~m111.1111nl 111 '•'"""'' ltnr•uh (;,K1111.il. 1979) 
found •~• 11kilwl cc11,l1n• or r <: ,.,,..lcl 1m1•,... .,,.., 111 • n11n,t .. , col •tt·•• C N 1111· mur "'""~ nl costs 
idrntiftc'd 1n till' 11kilwl "",ltnll .. 1ttltr, t•ic•• uh1111·. '"'"" 1••••"" t• . """"'"'· ,...,.,unr,. ht-;ihh. 
lucation.l prc-lttt'IIC~. IUC'I dc-~ncl, he"'"'""· 1mttloo r,111·11th1111.-. . • , .. 1 ..... IM111,I. nnh '"'" • ·rrc­
rum,nrd in the- 19"9 t:PA 1uach nl aloolwl "'••mmi: "'"' """' ,.,.,r , .alo uLa1,-.I In Im- t:.PA lo 

produce- bc-l'N'lib. The- lar111N c-Mtnwt"I """ 111 1h,· alo ,..,., u■olmi: "'"'"'' ,.., the· amrnu,· rilttl of 
coolin •. CH'lf'ffllil'N'd throu•h ~ ...... -•er dtllrtrlltwl• 1111, ........... , .............. h IJtlMtrt"fl in""' 
EPA 11udin. One-" trmpcc-d tu w, th•• r1t\11tK11nrt11.tl 111,,.,.., "'"'•·• .... hnd 1111· ,lcmcl ht·hind 
nrry ail,t'r bnm11. 
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grains. Under this approach. the R.icardian model finds annual losses ranging 
from S6 to S8 billion annually (without CO:i fcnilization in 1988 prices at 1988 
levels of &rm income). This can be related to gross &rm income in 1982 of 
S 175 bill~on. Strikingly different results emerge if we use a broader approach 
which includes all agricultural crops. For these, the net impact of warming is 
slightly positive;• ranging from a loss of $0. 7 billion to a gain of S2 billion per 
year. The differing results arise because the broader approach weights rela­
tively more heavily the irrigated lands of the American West and South that 
thri\'e in a Mediterranean and subtropical climate, a climate that will become 
relatively more abundant with a warmer climate. 

The one area "·here our information is panicularl)· sparse is for developing 
countries. Small a1nd poor countries. particularly ones with low population 
mobility in narrowly restricted climatic zone, may be severely affected. Much 
more work on the potential impact of climate change on developing countries 
needs to be done. 

The Balancing Act in Climate Change Policies 

The: ~rcenhou,t· dlc-ct i!i the granddaddy of public goods problems-emis­
sions aflc.·ct climatt· ,:luhally for centuries to come. Because of the climate 
cxternalit,·. indi,·idual, will not produce the efficient quantity of greenhouse 
gas~s. :\n important ,:o.il of t•c:nnomic research is to examine policies that will 
find tht· right h.ilanu·. on tlw margin . of costs of action to slow climate change 
a1nd tht· ht·ndit, 111 rt·clmin,: huurt" dama~t's from climate change. 

Tiu- ht•nt•ht, ol t•n11,,i1111, rt•ductiuns come when lower emissions reduce 
future· c hm,att•-imluu'tl clama,:,-... To translate these into a marginal benefit 
func111t11 . i1 i, nt't ,.,..,," 111 lulln" tht· t•mi!i!iinn!i through greenhouse-gas concen­
tration, 111 t't1m111111, 1111p;1«-r... a11cl tht•n takt• the present value of the impact of 
an t·n11 .... i1111 of ;111 J11d1111m;1l unit . (~r.aphi<:ally. we can depict the marginal 
dan1;1,:,·, Jn•rtt·d pt·r unit ol t·missions reduction as the downward-sloping 
mart,:111,1I ht·ndn C\lttt ,unt· in 1-·1t,:urt· 2. 

·1 hr "" 1111cl rc·t ...... 11 .. tup i .. till' mart,:inal l·ost of emissions reduction, " ·hich 
ponr,I\, tht· n,..,,. ch.11 tl1t· t'tonom, umlt·rtakt•!i to reduce a unit of itreenhou!ie­
ga"' t•mi .... i111,, (en tl1t· ,., .. ,i,.1k·111 in otllt'r policit'!i that would slow grecnhou~ 
"·a1rn1111..: ). A " ·iclt· ,.a11t·I\ ul .ap1n u.u ht~ .irt' .1,·ailablc to slow climate change, 
Mo!it pohc, cf j.,. ""'" ,n lu, lot""""' 1111 n·clul"int,: CO:i emissions by reducing the 
con~ump111m 111 111,,11 hlt'I, 1h1011,:h t·1_1t·rg,· t·nnscn·ation. alternative ener~· 
so~rtl" c ... ,mt· ,u,ul,I c·u·n tuntrmpLu,· nudl'ar power). a1nd other measures. 
Such pol1t M" • oulcl 1,,. 11119'lt·1111·111t'tl throut,:h carbon taxes of the kind James 
Potcrh.a .111.11\ ,,., 111 1111, '""I N"11n11. " ·hilt· 10ml' prefer regulations such as 
tr.ad.ihlt· t'1t11,,11111, f1c•11111h C hl11·1 .app11a;1d1l'!i include reforestation to remo,·e 
CO:i from the· .a1111, ... pl11·11· .a111I 11111tmt,: t•wn more stringent controls on CFCs. 
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Figurt 2 
Marginal Costs and Benefits of Greenhouse-Gu Eminions Controls 
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N"',: Eff'icit'nt polic~- comn at point £. -·twn mar~n.al ntlt ur funhl'f ffl'lissions ffdunion (MC) 
t'CjUals marl{iru1I bt'nc-ht of t'minions rnJuC'11u1" in ''""'"K cbm.ttt" chanRC' (MB). r- is tht' t'ff'icit'nt 
arbun t.tx ._.-hilt' ,• i, tht' t'flicit-nt rnlu11im1 ratt·. 

Another option. ddini~ely nut in thl" e1n-ironmen1ally correct package, 
would be lO offset grttnhou5C." "·arming throur,:h dimatic t-nginecring. primar• 
ily through measures to chan,tt· the alhc.•dn (rdlt'C'ti\·ity) of the eanh. Such 
options include.· inj«ting panitk-, 1h.11 "maid innc.·a'l4.' du· backscattering or 
reflecting of incoming ~unlight or 'ltimulatt· .ih,..,rptinu of carbon. Two panicu­
larly intert'sting propo~I, int hult• shoot in,-: ,mart mirron into space with 
16-im·h n.mal riflt", or M.'t'<linr,: tht· ou•,ua, "ith iron to ant'lerate carbon 
sequestration." \\'hatc.·,·c:r the.• ap1m1o1da. t,ommai,h t'ntJ>h.a,i1t· the importance 
of cust-c:tlt't·ti,·ene~,-stru,1urinr,: polit'it·, to r,:t·t thr m.t1'imal rt-duction in 
harmful dimati<- d1.1nge for •• r,:l\·cn lt·H·l ol t'XJM.'nditurc.·. t·igure 2 shows 
schcmatkally the.· marginal,.,.., ol to,t-t•flt·tll\t• t•mi,,ium rt'tlut1ions as MC. 

Thl' shapt' of tht· cost lum tinn 1111 u·clm mJ.: CO:: t•missions has been 
thorough!~-studic.-d. and tht• dlot1 cli\C·u,M·d In John \\',·,am in this s~·mposium 
reprnent~ the: mc,st careful t-umpJr.11iw t'XJnunJtiun ul tht· rc.~ults of difl~rent 
models. In addition. polic:il"' ,.houlcl in,lucl,· ndu·r tc»'ll-t•flc.-.1i,·c mt-asurt-s. and 
a r«t-nl S.atiumal Acadc.•m~· of~ arnu.., PJnd ( l!~t:!) hJ, ,ompart-d the costs of a 
wide ,·arict~· of ntt"asurn. induclm,: rou1,th r,1nn.1lt°' nl tht• n.sb of climate 
enginttring. 

From an cconomk point nl \K'". • t'IIN 1t·111 , .. ,t" "°" ;art· onl"' in which the 
marginal costs att balanced wida tht· m.a1 r,:m.al 1..-att·hh ul rmi .... ion, reductions. 
Figure 2 sho"·s sc:ht"maticall~- hn" tlw t'IIM ac·n1 1 Jlt' ul 1·m1 .... 1un, rc."tlurtion and 
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the optimal carbon tax are determined. The pure market solution comes with 
emissions reductions at 0, where MB is far abo\'e the zero MC. Point E 
represe1m the efficient point at which marginal abatement costs equal marginal 
benefits from slowing climate change. The policy can be represented by the 
efficient fractional reduction in emissions, r• on the horizontal axis. or by the 
optimal carbori· tax, T• on the ,·enical axis. 

Empirical Modeling of Optimal Policies 

Sketching the optimal policy in Figure 2 demands little more than pencil. 
paper. and a rudimentary understanding of economics. To move from theory 
to useful empirical models requires understanding a wide nriety of empirical 
economic and gt'nphysical relationships. Work has progressed to the point 
where tht' economks and natural science can be integratt'd to estimate optimal 
control inratt'l{it's. In one study, I de,·cloped a simple cost-benefit analysis for 
determining the optimal steady-state control of CO:z and other greenhouse 
gases ba5t'd on the.- comparath·t' st.1tics framework shown in Figure 2 (!'l,;ordhaus, 
1991 ). This earlic.-r study camt' to a middle-of-tht'-road conclusion that the 
thrc;n of grc.-enhousc.- warming was sufiicient to justi~· low-cost steps to slow the 
pan· of dimatc.- ch.mgl'. 

A mun· compll'll' dahoratiun has been made using an approach 1 call . the 
"l>IC:t: modc:I:· shorth.uul for a I>ynami<: Integrated Modd of Climate and the 
t:rnnum,·.7 The l>IC:t: mcKld is a global dynamk optimi1.ation model for 
c:-stimatini,t thl· optim.al p;nh of n·cha,·tions of grt't'nhoul'tt"-gas emissions. The 
h.a,1t .apprnad1 i, 111 «ah ul.11t· tht· optimal path for both capital accumulation 
ancl , t·clunion, 111 1,:n'l·nhuu"'·-ga, l'l1lissions in the framework of the Ramsey 
( Ht:!l-11 1111Kld ol in1t·rtt·m1H1r.1I d111in·. The resulting trajc.-ctury can be inter­
pn·tc·cl -'" lill' 1111,.., dlil'it•lll p,uh lor slowing climate.- changc.- given inpu1s and 
ll·« lmul111,til0

\ ; au .aht•rnati\l' intt·qn·l·ta1in11 is as a competith·e market c.-quilib­
rium 111 " ·hid, l'xtt·rnalitil'" or spiltm·et dll't·ts are corrected using thc.- appropri-. 
att· ~" a.al priu·, lut f,[H'l'nhou"'·-,:.i, emissions. 

·1 tU' l>ICt. 11111,ld .i,L., \\llt'tlll'r tu ,·cmsumt· gcHKis and St.·rvices. i1wc.-M in 
pruchu t" l. rnpn;il. 01 ,111\\ dim.alt· da.m~t· ,·i;i reducing grt't"nhouse-g,1s emis­
si1111, . ·1 ht• optim.al p,uh, h11"''" i, om· th,u maximizes ;an ohjecti,·e function that 
is ch,· ,h.,. uuntt·tl ,11111 ol 1ht· u1ili1il'\ ol f>l'I" rnpilil consumption. Consumption 
.nut mH·,t mt•nt .att· , 1111,11·,,im·cl h\ ;. c 1111n·111io11al sc.·1 of economic relationships 
(Cuhh-lh1u,:la, 1n•Khtt 111111 hmniun. ,;1pi1.al-t>.1la11n• equa1ion, and SC> forth) and 
h~ .a m·"h clt·H·lotK-cl "''' 111 .a1,t1,tl'l'fl,Ut· ,:t-c>ph~·skal l·onstraints (interrdating 
C"1:01111nm a, u, it,. ,:1 ,·,·ntu 111"«' t:••" t·•ni,.,i1111\ and nml·cntrations, climate chani;tc.-. 
c~h ol .ahatt·llll'III . .ancl 111111.1,1, hum di111a1e change>. 

~The- h,1~ fttt•k·I "'"' u-..uh• "" ,,. .. .,..,,,.,! m '"""'""' ( W!l'.!;a. hi. • ·hilt- rompk-tt' documt"n1 .. 1io11 

and .. IW,\'9• ,Ill" leKflM ot1111t.i Ill '""""'"' ( l!l!l;l.,). 
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Calculated Carbon Tues for Three Policies . 
Carbon T.ax R.i1c-
lT.ax in S pc-r 11111 C niuiv.&lc-111' 
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- t:ronomi< op1in111m - ,1.ih1h1t· c hm.11t· ._ St.&hili1t" ~is~ions 

To gi\'t' the flarnr of tht· r~uhs from tht" DICE model, consider the 
economic optimum and rnmpan· it to 1"0 .aht·rnati,·e policies that ha\'t' been 
proposed by go\'ernmcn1s 01 ll\ tht· t·mnunmt•ntal community. The three 
options are (I) «onomk opurn11.11ion .a, cit·~ ril>t.-d in the.· pn.•,·ious par.agraph: 
(2) stabiliiinJt grttnhou!it"•,t.a, rmis,ion, .11 H~Kl lt•,·cls. a target that -·as en­
dorsed at thl' Rio l:..arth Summu h, tht· l 1111t·cl ~latt·!I> and other go"ernments: 
<11nd <:H st.ahiliLin~ climatt· ..,., 1h.11 1ht· , h.m,:c· 111 ,:luh.,I .an·r.igt" temperature is 
limited lCI no morl' than U.!? cle·1:11't·, C pc·• cle'I .Hit· " ·uh an ultimate limit.ttion of 
1.5 degrl'cs C: kompart· tlu, """ the· J>'"l'"llun, 111 h,:1111· I). 

Soh'ing the.· DICE mocld tu, tht· 1h11·e· l"•he 11·, 1u,1 clt'!l>(Tihed produces a 
tinu.· sc.-quencl' of consumpu1111. m,·r,111u·n1 . 1,ttt>t·nhou"t·•,:as t•missions. and 
carhcm 1axt-s. Thl' carb,111 1.1,c·, 1.111 he: 1111e•11nc·tt-cl a, till' 1.tXt'!I> on gret'nhuuse­
Jtas emissions (or the rl'~ul.11111\ 1-c1111,al1·111 . '-'·' m aunion.ahlt· ,·missions rights) 

• ihat ,,rnuld lead to tht· cm•"'""' th.al ""ulcl .allain 1h1· polir~· ul~jecti\'es just 
descrihc.•d. 

t·ii,tun· :\ sho"·s tht· rt'!i>uhmi,: , .u hnu t.,,,., tot c Jliht ,Ilion purposc.-s. in the 
l'nitc·d St.11c.~. a c.arbnn 1.ax 111 S 111111,c·1 11111 """''' 1.a•:-t· e u.11 ,,rin"!I h~· .about S70 
per ton. or :\CK» J)t.'rl°ent: 1'-uul,I me U-J"C• ual 111 kl" In .11,i,ut SK per bane!: and 
,,rnuld raise: around S:l(K» bilh1111 ul 11·u·1111r, ll1e·tu11• 1.aL.111,: .,cc ntml of emissions 
rc.-ductiuns). ·nu: economi, npumum puicluu-.. u·l.au,,·h moclt-sl nrhon taxes, 
rising from <11round $5 J)t.'f toll , .1,t .. ,11 111 .a1u11ncl S:!11 11e·t Inn h, the: end of the 
nt'Xl centu~·. The stabili, .. 111011 ~u·u.a, "" 11·1111uc· 111111 h more.· stringenc re­
straints. Fur emissions 11<11bili1.111t111. the· e .,, t .. ,n ,,., """"' tt~· from around S40 
per ton of carbon cunentl~· In ,1an1111cl S~itN1 11e·1 11111 I.ate· 111 1ht· nexc centuf)·: 

• 
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climate stabilization involves current carbon taXcs over S 100 per ton carbon 
today rising to nearly $1000 per ton by the end of the next century. 

The DICE model can also be used to inquire into the estimated net 
economit impact of alternative policies. For the global economy, the economic 
optimum has a net benefit over no controls for the global economy (in terms of 
the discounted . present value measured in 1990 consumption units) of $270 
billion. On the other hand, stabilizing emissions or climate imposes major net 
economic costs. Stabilizing emissions leads to a net present-value loss of around 
$7 trillion rclati\·e to the optimum, while attempting to stabilize climate would 
ha\"c a net prescnM·alue cost of around $41 trillion. If these present value 
figures arc convened into consumption annuities using an annuity rate of 
4 percent per annum, these strategics represent, respectively, a gain of 
0.05 percent and losses of 1.4 and 8.2 percent of today's annual gross world 
output. It would take a major misestimatc of either the costs of emissions 
reductions or of climate~hange damages to make the stabilization options 
economically ad\·,mt.tgcous. 

~\·er"I other economic studies have also calculated efficient approaches to 
slo"'·ing global warming. The studies of Manne and Richels (1990, 1992), Peck 
and Teisberg 0992), and Kolstad (1993) find conclusions roughly similar to 
th~ reponrd here. Other studies-those of Kolstad (1993) as well as earlier 
studies by the pr~nt author 0979, 1991)-also determine the optimal emis­
sion, c:ontrol r;,tn ;,nd carbon taxes and show optimal policies in the general 
r""K'-" of tho~ dctc:m1inrd here. 

• "hrn studic:s dc.•ri\·t" quite different results, one more optimistic, one more 
pessimi~tic. 1nt" studic:s b~· Jorgenson and Wilcoxen 0991. most striking!)·) 
sho1111 a lower K"t ul carbon t;,xc:s nttded to st.abilize grttnhousc-gas emissions 
than thoM" sho1111·11 hc:rl'; the.· rl'.ason for the lower carbon t.axcs seems to reside 
lart(t"h· in tht" ,101111 projt"ctt"d t"C:onomic growth. By contrast, the study by Cline 
( H~t~) propc~ much hitchc:t umtrol rates. The more stringent controls in the 
C:httt· ,tud~ art' dut· to .a numbc.-r of features-primarily ht-cause the Cline 
n·,uh i, nut tcmundt"CI in nplic:i1 imenempor .. l optimization and assumes a 
r .. t,· ul time prl"lerrnce th.u i!i lu"'·cr than would be consistent with observed 
re.al it11l'rest r.a1n. Cll';arl~·. if "'·l• ·;,rbitrarily assume a near-zero discount ra1e (as 
Chttt· duc:s). soc:it"t\ " ·ill undenakt· m.1ssi\·e im·estments in tangible, human. and 
em II unment.al upn.al; 1111·hu " ·ill tlu .all this s..ving is an unanswered question . 

Uncertainties and Anxieties 

McN nunomH ~uclK" ul tht· im.p.acts and policies concerning climate 
diantct" .art" h;a~I on ~..-n.nitr. like: the smooth and gr .. du..l "'arming depicted 
in t·1,cure I. And. ii" mclN ~tnl m 1ht· l.ast M:ction, the conclusion that emerges 
from nuN nunumk ~ucl""" ,, 10 impc~ modnt rntr .. ints, p,1ck up our tools, 
and lutKt'ntt.tll' on mutt' IHt"'"'"fit problems. Gi\•en the high costs of controls 

. eai111f ~-. a 



an~ ~e modest projected impacts of a I to 3 degTee C warming over the next 
half .:entury, how high should global "'arming be on an international agenda 
that includes exploding population in the South, nuclear proliferation in the 
Middle East, collapsing economirs in eastern Europe. increasing cycles of 
poverty and drug use along with stagnating incomes in the West, and sporadic 
outbreaks of violence and civil war just about everywhere? Given the modest 
estimated impact of climate change along with these other urgent concerns, we 
might conclude that global warming should be demoted to a second-tier issue. 

Yet, even for those who do"·nplay the urgen9· of the most likely scenarios 
for climate change, a deeper anxiety remains about future uncertainties and 
surprises. Scientisu raise the sp«ter of shifting cun-cnu turning Europe into 
Alaska. of mid,ontinental dry·ing transforming grain belts into deseru, of great 
rivers drying up as snow packs disappear. of se,·ere storms "·iping out whole 
populations of low-lying regions. of surging ice sheets raising ocean levels ~- 20 
to 50 feet, of northward migTation of old or ne"· tropical pests and diseases 
decimating the temperature regions. of em·ironmentall~· induced migration 
overrunning borders in search of li\·able land. Gi,·en thl" potential for catas­
trophic surprises, perhaps we should conclude that the major concern lies in 
the uncertainties and impondt-rablt- impact!> of climate change rather than in 
the smooth changes foreseen by the.- global models. 

At prest'nt. "'e do not ha\'c.- atic- scientific basis for making a firm judgment 
of the likelihood of one of the~ catastrophic outcomes. In the survey discussed 
abo\'e (1'ordhaus. 1993b). expt"m, "·ere ,uked about the probability of a 25 
percent sustained loss in glob.ii income from a :~-dl·grtt C warming in 2090 
(scenario A) and a 6-d4:grtt "·arminJt in :? I i5 hct"nario 8). The median 
estimated probability of thi!I ,·ata,trophir null'nml' "·as 0.5 percent for scenario 
A and 3 percent for scenario 8 . On tht· other hand. 1he assessment of the 
catastrophic scenarios ,·arit'<I ,:n·arly acrn!I, r~pnndl'llh and particularly across 
disciplines. For scemario 8, .u,nrdm,: to dll' nm,t pt'!>,imi,1k quartile of respon­
dents, the mean prub.Jhilit~ nl 1hi, c.ita,1mphit outrnnw "·as .fO percent. The 
more pessimistic assessment, ,tl'ner.ilh ,·amc.· trom natur.al sc:ientists while the 
more sanguine ,·ie"·s "'ere hdcl b~· m.iin'1rc-am l'('onomish. 

Once dal' dcK>r is opt·n 111 ,nn~idl·t ,ata,trnphir d,anJtcs . .i whole new 
debate is eng.i~l'd. If "'e du 11111 know ho"· human ani,·i1i,·!I "·ill affect the thin 
I.ayer of lift:-supportinJt .ic1h·i1ic.•, th.11 gan- hirda tu and nunurl' hum.in ch·ili7.a­
tion, .ind if "·e cannot reliahh JUdJ:l' Im" pott·ntial ~l·ophy!>it·.JI changes will 
affect ci\·iliz.ition or the "·orlcl .around u,. , an ".,. "". the: plain ,·.inilla cost­
benefit analysis (or C\'en tlu· ll~Ken•U.a,, ,.aril•1, m ch·n.amk optimization 
moddsH Should "'c be uhr.irn11~·ne11iH· .and lilt to"·artl prt·liC.·n·inK the n.i1ur.al 
world al the expenK of ecunomM Krn"·th .and clc"\·c-lnpnn·nt~ l>o Wl' dare put 
human betterment bc:fore-thl' f>rt"'t'T\'at1011 ol 11.1111ral W\ll'm~ and trust that 
human ingenuity •·ill bail U!> mu ,lmulcl !'\.i1111 c· cl,·.al u, .a n.a,t~· h.Jnd~ 

Faced •ith this dilemm.t. " 'l' nur,cht he· 1rmp1,-cl 111 "''' 1h.11 such questions 
are be)·ond the capabilit~· of' r.uion.al .1n.al\,1, .ancl turn tlw dt·dsions o,·cr to 
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. philosophers and politicians. Rather, I believe that natural and social sciences 
have a central role lo play in analyzing potential future outcomes and delineat­
ing potential responses. Society often requires that decisions be made in the 
absence'of complete information, whether the decisions be military strategy. oil 
drilling. or research and de\'elopment. In each case, a reasoned decision 
process in\'olvcs listing the e\'ents that may occur. estimating the consequences 
of the e\'ents, judging the probabilities that each of the events "'ill occur, • 
weighing the expected value of the consequences against the expected costs 
under different courses of action, and choosing the action that maximizes the 
expected ,·alue or utility of the outcome. 

ReasonC'd decision-making under uncertainty is no different for climate­
change poli~· than for other areas, although it may be more complex and 
require crossing traditional disciplinary boundaries more often. In thinking 
through the appropriatC' treatment of future surprises, to the natural scientim 
falls the crucial task of soning through the apocalyptic scenarios and obtaining 
rough judgment!I ai; to the likelihood of different geophysical outcomes so as to 
distinguish between thc likely. plausible, possible. and ,·inually impossible. To 
the social sciC"ntists falls the issue of assessing the probabilities, determining the 
,·alues of different outcomes. and de,·ising sensible strategics in the face of such 
massi\'e. uncenaintit•!i. To our leaden falls the burden of ultimately deciding 
how to balanc~ futurt' pt'rili; against present costs. For all, this is a fruitful use of 
our c:ollt•nin· talelll!i, full of intell~tual challenges and practical payoffs. 
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* 

Greenhouse Gases 

Emissions resulting from human activities are substantially 
increasing the atmospheric concentrations of greenhouse gases, 
especially carbon dioxide, methane and nitrous oxide. The . 
primary anthropogenic sources are: . 

Carbon dioxide: combustion of fossil fuels, land-use changes and 
cement production. 

Methane: coal mining, natural gas leakages, landfills, cattle, rice 

Nitrous oxide: adipic· acid (nylon) and nitric acid production 

Recent Findin2s and Key Uncertainties: 

The processes controlling the fluxes of carbon dioxide between the 
atmosphere and the oceanic and terrestrial ecosystems (i.e., the 
magnitude of the terrestrial and oceanic sinks) are not 
quantitatively understood. However, evidence is mounting that 
there is a significant terrestrial sink of carbon dioxide. This means 
that the net emissions from land-use change, and the relationship 
between ~issions and 8Jm.Q$PMri .. c con~~Jltr~ti.Q.P.$., are poorly 
quantified. 'i &...fl .... ~ >M. ~11Ji ~ • . • 'b1:. ~b -It> ~-

The magnitude of the individual sources of methane and nitrous 
oxide on a global scale are quite uncertain. wc.U ~~ ~\f'~ (cJ. IM~ J 

~ ~ via , • ---.t 

The rate of increase of atmospheric methane has slowed by about a 
factor of twp over the last few years. 1°/o/r '/,,'loft· 
~'1,~ $t~ 7. 



Greenhouse Gases (continued) 

* Other important greenhouse gases include chlorofluorocarbons 
~csf,~)lhydrochlorofluorocarbons (HCFCs), hydrofluorocarbons 't 

~ ~,i~S:~! ~y fluorinated chemical~ (e.g.,CFJ, and uppet11'-'~"'ca- • 
~. troposp enc and lower stratosphenc ozone.~¥ OJ+' ..w t'M~ ~ • 

. CFCs and HCFCs: The net radiative effect of CFCs (and most 
likely HCFCs) is less than previously believed because the 
chlorine-induced loss of ozone in the .IPJY~e..t • strato~phe~~ offsets the 

--~rect radiatwe for£i9-g..of the CFCs (and most likely HCFCs). 
The role of HCFCs in climate change is limited because their 
production and consumption are controlled under the Copenhagen . 
amendments to the Montreal Protocol. 

HFCs: These gases, which are partial substitutes for the CFCs, 
are quite strong greenhouse gases. HFCs are not controlled under 
the Montreal Protocol because they are not ozone depleting 
substances, hence there is potential for significant growth in 
production and consumption, i.e., emissions. 

Fully Fluorinated Chemicals: While the current emission rates of 
these gases is relatively low, they have very long lifetimes. 

Tropospheric ozone: Ozone in the upper troposphere is a powerful 
greenhouse gas, hence any increase in upper tropospheric ozone 
would amplify the _enhanced greenhouse affect. However, the 
atmospheric trend data for both ozone and it's precursors is sparse 
and often of limited quality. 
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Atmospheric Aerosols 

o.,,_ _... . . . 
--~ \. ,~ ~'t,~ ~~'i 

The cooling effect of aerosols resulting from sulfur emissions or 
from biomass burning may have directly and/or indirectly offset a 
significant part of the enhanced greenhouse warming in .the 
northern hemisphere during the past several decades. 

The impact of aerosols in the future will depend upon the 
magnitude and the regional distribution of emissions for sulfur 
gases, e.g., sulfur dioxide, and the extent of biomass burning. 

The atmospheric lifetimes for aerosols and their precursors is very 
short ~~XL!,9~ in contrast to the very long lifetimes 
( decades to centuries) of the key greenhouse gases. Therefore, 
their effect on global warming rapidly adjusts to increases or 

-. ~s~missions. (1.~ '7ufv .Lf! cJ. 
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G,(j1· Model Results 

The sensitivity of global mean surface temperature to doubling of 
carbon dioxide is unlikely to lie outside the range 1.5 to 4.5 
degrees centigrade. 

Tim.e-depenqent simulations, with coupled ocean-atmosphere 
models, in which neither aerosol or ozone changes have been 
included, suggest a warming rate of about .Q!~ degrees centigrade 
per decade for the ~entral ~CC tracE; gas scenarios, e.g., IPCC 
1990scenarioA. ► f~~~ - 1.c, ~, 

Coupled ocean-atmosphere models are now capable of reproducing 
some features of atmospheric variability on intra-decadal time 
scales, i.e., a variability of a few tenths of a degree centigrade. 

The large scale geographic patterns of warming predicted from 
~e,nt~~ollpled. ocean-atmosphere models are similar to the 
patterns predicted from equilibrium models, except that the 
transient simulations show a r~~~~ed ~arming over the North 
Atlantic and the southern oceans near Antarctica. 

~~-
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. 
Climate Observations 

the global mean surface air temperature has increased by 0.3 to 0.6 
degrees centigrade over the past 100 years. 

the observed warming over parts of the northern hemisphere mid­
latitude continents has been found to be largely characterized by 
~~~es ~--~~m~ <:e~time) r~e~fian~~~l~JYi·t\I_n~~ 
temperatures. (--~).P.,,(,!..... ~* ~ °""V 

global mean surface temperatures were anomalously high (highest 
on record) in the late 1980s and 1990 and 1991. 

the volcanic eruption o(_MJ . . Pinanij)o in 1991 resulted in a 
transitory ~anni~g pf th~ __ sµ-atospber~ and a c..Q_QJjng of the_ 
n:9posphere. ~ ~ i..J... ~ ~ ,,,~ ~ 

radiosonde data indicate that the lower troposphere has warmed 
over recent decades. Since meaningful trends cannot be assessed 
over periods as short as a decade, the widely reported • 
disagreements between decadal trends of air temperatures from 
satellites and surface data cannot be confirmed because the trends 
are statistically indistinguishable. 

~ t-lo, Ao· LJ.,., !if- ...; .. (cl.vv~ f o.~~~ 
"1t1.·. l9CJAu.., ~~ (CM.9. "'tu 91~ ~ ~ 



Impacts of Climate Chan&e 

* · Climate ~hange • will have ggn,s~~J'~~~ .JQr agriculture and 
f9r_estcy., natural terrestrial ecosystems, hydrology -and water 
resources, human settlements, human health, air quality, oceans 
and coastal zones (sea level rise), seasonal snow cover, ice and 
permafrost, and the energy, transport, and industrial sectors. 

* The most significant potential impacts of climate change are likely 
to include: 

a sea level incr~ase_ of up to one meter by 2100 

- changes in regional patterns of precipitation and soil 
moisture, leading to changes in agricultural productivity 

- shifts in the p~oductivity and boundaries of natural 
terrestrial ecosystems . 
..... ... · t • • • , 
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Conclusions 

the size of the observed global warming is broadly consistent with 
predictions from climate models, but is also of the same size as 
natural climate variability. Thus tlie observed increase could be 
fargely · due·· to this natural variability; alternatively this variability 
and other human factors could have offset a still larger hun1an-· 
induced greenhouse _ warming. 

the consistency between observations of global mean temperature 
trends over the past century and model simulations of the warming 
due to greenhouse gases over the same period is improved if 
allowance is made for the increasing evidence of a relative _ cooling 
effect due to anthropogenic aerosols (from sulfur emissions and 
biomass burning) and stratospheric ozone depletion. 

the estimated warming of about 0.3 degrees centigrade per decade, 
based on the central 1990 and 1992 IPCC emission scenarios, 
Mi(?.¥ld be reduced.§omew.ha~, especially in the northern 
hemisphere, by an amount dependent upon the future magnitude 
and regional distribution of sulfur and biomass burning emissions. 

there are many uncertainties in our predictions particularly with 
regard to the timing, magnitude and regional patterns of climate 
change. This is due to an iJJcomplete understanding of: 

the role of clouds --
the role of the oceans 
sources · and sinks of greenhouse gases 
land-surface hydrological processes 
cryospheric processes 
ecological processes 



* the long atmospheric lifetimes of the greenhouse gases means that 
if climate change occurs with adverse environmental consequences 

!fth ~~: cli~;Js~Jii~{![~~~f g~:mfJo?.z0
r*.~~~~ even 



KEY POINT #1: 

Global CO2 Emissions & Concentrations 
Emissions . Concentrations 

so.o 
-BAU(l990) 

45 .0 -8AU(Tec:h+) 
-sso Ccilina 

40.0 --Co••11111990 

3~ .o 

30.0 .. 
~ 25 .0 

20.0 

IS .O -BAUU990) 
-BAU(Tec:11+) 

10.0 200---
-ssoea11n, 
-eoa ... , 1990 

5.0 

0.0 o-----------+-_.;.__.,_.. 

1990 2010 2030 20~0 2070 2090 1990 2010 2030 2050 2070 2090 

•If we continue on a Business-As-Usual (BAU) path (top 2 lines in 
above figures), concentrations will double over the .next few decades, 
never achieving stabilization. 

•Stabilizing emissions will not stabilize concentrations . ... 
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KEY POINT #2: 

i 
'I 

Non-CO2 greenhouse gases make the 
"effective" atmospheric concentration higher. 
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PRELIMINARY RESULTS 

• Other greenhouse gases, princ-ipally methane and nitrous oxides, 
make the "effective" atmospheric concentrations about 20% higher 
than carbon dioxide alone. 

• Most stabilization scenarios have been unable to incorporate 
changes in all the gases simultaneously, but it.is important to consider 
tha! a "550 CO2 stabilization" scenario represents an "effective 
atmospheric concentration" of about 650. 



KEY POINT #3: 

Annex I and Non-Annex I Fossil Fuel Carbon F.nissions: 
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•A Business-As-Usual path implies that over time the majority of 
emissions will shift from developed to developing nations. 
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KEY POINT #4: 

Various Global Emissions and Concentration Paths 
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•Actions by Annex I alone are insufficient to achieve stabilization 

•In order to cap emissions at just under a doubling of pre-industrial 
CO2 levels, actions by Annex I countries need to be coupled with 
actions by non-Annex I countries in the next few decades. 



KEY POINT #5: 

Energy emission pathways and stabilization concentrations 
~:~ • ~ • 11-,,awsc 
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•To meet atmospheric concentrations of 450-750 ppmv CO2 requires a significant 
reduction in annual emissions during the next century. 

•For example, to meet a target of 550 ppmv CO2, the table shows that global CO2 
emissions due to fossil fuel burning must begin to deflect from the business-as­
usual curve by 2013. In that scenario, energy-related emissions would peak at 9.7 
PgC/yr in 2033 and drop rapidly thereafter. (Because of the other greenhouse 
gases, the effective concentration would be about 650 ppmv.) 
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The most important is to amend the act to prohibit 
secondary boycotts and thus bring restraints on rail 
labor in line with those imposed on labor organiza­
tions in other industries tllat are subject to the 
National Labor Relations ACL It should be noted 
that he offers no opinion on whether such an 
amendment is possible. Sharp declines in railroad 
employment in recent years have reduced the politi­
cal power of rail unions, but they are still a force 
to be reckoned with on Capitol Hill. 

Other suggestions Wilner offers for improve­
ment in the act include lengthening the term of 
National Mediation Board members beyond the 
present three years and setting minimum stan­
dards for board members to ensure their expertise 
in matters they are called on to consider. 

Finally, he suggests that the board itself should 
act to reduce the number of bargaining units, 
which have multiplied in recent years as a result 
of rail mergers. Giant rail systems such as Burling­
ton Northern, CSX, and Norfolk Southern now 
have to deal with multiple general chairmen in 
each craft because of their continued representa­
tion of these crafts on the constituent carriers. 

More or less as an aside, Wilner suggests that 
if the president and Congress would exercise more 
restraint in injecting themselves into the collective 
bargaining process each time an "insoluble" labor 
dispute developed, the parties in their own self­
interest might find that the "insoluble dispute" 
was solvable after all. Maybe so, but despite the 
fact that the railroads now handle less than 40 
percent of intercity freight traffic, there are still 
many giant shoppers who would suffer irrepara­
ble loss from a national rail strike of am· duration. 
It is a safe bet that they would be' on th~ doorsteps 
of the White House and Congress long before the 
insoluble dispute became solvable. and the presi­
dent and Congress would intervene as usual . 

One final subject addressed by Wilner has noth­
ing to do with the Railway Labor Act-or at least 
no one suspected that it did for over fifty years. 
The subject is income protection for rail workers 
who are dismissed or demoted as the ""5ult of a 
merger, sale, abandonment, or exen:iSt' of track• 
age rights involving a line of railroad. lkl?inninl? in 
1933, a pattern evolved throuih lettislation. coun 
and administrative decisions. and al[J"«mcnt of 
the parties whereby displaced empln~·cc.-, wcn· 
assured continuing income.- for a rrc!>cribl"J 
period. Changing economic condition~ and a con• 
sequent decline in union power ha\·l" brouf?ht 
changes to that pattern in the past fc.-w \·c.•an.. hm~ • 
ever. And in certain types of tran!l-.lction, c ,uch a!', 
the sale of a railroad or a pan of a railroad 111 . , 

. noncarrier), the couns have held that statutory 
protective conditions now found in the Interstate 
Commerce Act do not apply. As a result, beginning 
in 1986 the unions took the position that any pro­
posed sale that would affect employees consti­
tuted a change in working conditions that would 
require notice and bargaining under the Railway 
Labor Act, which, of course, would mean that the 
transaction would never take place. This was a 
novel approach, and in a way it was at least indi­
rectly successful. While the principal contention 
of the unions was rejected by the couns, it was 
rejected in the context of the right to strike. A 
federal circuit court of appeals has now held that 
such disputes are "minor" under the act and, 
therefore, must be submitted to an adjustment 
board for arbitration. Presumably, a carrier faced 
with that prospect would prefer the certainty of 
negotiated settlement over the uncertainty of an 
arbitration award. 

Wilner has performed a real service in writing 
this book. Management, labor, rail analysts, and 
students can develop an understanding of railroad 
labor problems in these 118 pages that they could 
never find elsewhere without many months of 
study. At the same time, they can take pleasure in 
reading a well-written and enjoyable book. 

Assessing the Cost of Greenhouse 
Abatement 

Buying Greenhouse Insurance: The Economic 
Costs of CO2 Emission Limits 
by Alan S. Manne and Richard G. Richels 

Reviewed by Ray Squitieri 

Some say the world will end in fire. Some say in 
ice. Fifteen years ago the vote was ice. These days 
it is fire. Thousands of natural scientists are now 
sifting the data in an attempt to decide. The United 
States alone will spend $1.4 billion in 1993 on 
l?lob.11 dimatc research. Yet, thus far, on a topic 
that cries out for clear economic thinking, only a 
few economists have published serious research. 
Among those, Alan Manne of Stanford University 
and Richard Richels of the Electric Power 
Research Institute are two of the most prominent. 

Ra~· Squitieri is a senior staff economist at the 
Council of Economic Advisers. 
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Ml see they prediel melting of the polar Ice cap. Wonder 
how that will affect us." 

Buying Greenhoust! lnsuranct!, which collects ani­
cles originally published elsewhere. concludes 
that world economies would pay dearly for deep 
cuts in carbon dioxide emissions. but leaves open 
the possibility that such actions may make sense 
as insurance. 

The book is timely. In early 1992 the European 
Community challenged the United St.ites to com­
mit to stabilize carbon dioxide emissions at 1990 . 
levels. The United States has so far declined to do 
so, but the issue will dominate the en\'ironmcntal 
debate throughout the 1990s. • . 

In the policy debate to date proponents or 
immediate action rReady, fire, aim!") argue th.11 
the stakes are so high that immediate action a-. 
justified, even in the face of considerable scientific 
uncertainty about the likelihood. timin[! . .inJ 
effects of global wanning. They point to ri~k" of 
irreversible damage and claim that low-co~t alter• 
natives to fossil fuels are already on the ~hdL Thl· 
opposition ("Ready, aim, aim!") ur[!ei. c.iu11on . 
First, they argue that global wanning ibcll ma, 
not arrive: second, that humans could reaJih 
adapt to wanning: third, that the cosh or ahall' · 
ment are likely to be large: and founh. 1ha1 lht.· 
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cost of waiting a decade or so before committing 
to costly actions is small. Economists have so far 
concerned themselves with the third and fourth 
issues. Their research has generally vindicated the 
wait-and-see approach. 

Recent research has concluded that uniform 
national emissions targets do not make economic 
sense because of the wide divergence in control 
costs across countries. More efficient schemes 
such as tradeable permits or a uniform tax could 
cut costs by half. In addition. research has shown 
that treaties should not focus on fuel-burning car­
bon dioxide emissions alone. Tree planting and 
methane control will be cheaper in some places. 
at least up to a point. Economists have also found 
that no agreement will work without cooperation 
by the less developed countries, which are 
expected to be the main emitters within a few 
decades. 

In the brave new world of computer modeling. 
researchers represent the United States or the 
world economy in a set of equations. Manne and 
Richels, along with most of their brethren, built 
their model. Global 2100, to answer the question, 
"What would be the costs of limits on carbon diox­
ide emissions from fuel burning?" Global 2100 is 
based on Manne's well-respected work from the 
"energy crisis" days of the mid-1970s. Like a dozen 
other research groups worldwide, Manne and 
Richels consider only the costs, not the benefits, 
of slowing warming; and they consider only the 
costs of restricting carbon dioxide emissions from 
fossil fuel burning while they omit the costs of 
reducing methane from livestock and landfills or 
expanding forests and other carbon sinks. 

E\·en after those simplifications, greenhouse 
ab.itement presents the modeler with a series of 
nasty complications: a very long time horizon 
( Manne and Richels run theirs out to the year 
2100; William Cline runs his to 2300); large uncer­
tainties about population and economic growth, 
cncrg\' demand, and technical innovation; an in-e­
ducibl~· global problem (trade flows are crucial); 
the ~sibility of irreversible damages or severe 
limit!> on economic growth. Noting the evident 
difficulty of predicting GNP growth or interest 
r.itc.~ cwn one or two years in advance, skeptics 
haw ·challen~ed the whole concept of hundred­
\c.•ar model~. 

Computer models addressing global warming 
fall into two categories. Optimal planning models 
'-Uch .is Brookhaven National Laboratory's MAR­
KAL focus on specific technologies and generally 



conclude that many low-cost alternatives could 
. reduce carbon dioxide emissions. Most econo­
mists believe that the optimal planning approach 
understates the costs of new technologies and 
overstates their impacts. Econometric models, 

• such as that of Dale Jorgenson and Peter Wilco­
xen, which is built around statistical relationships 
found in historical data, have generally concluded 
that policies to limit carbon dioxide emissions 
involve significant costs. Manne and Richels' 
Global 2100 lies closer to the optimal planning 
camp, although its conclusion-that carbon diox­
ide restrictions would involve significant costs­
puts it closer to the econometric camp. 

Effective computer modeling is a balancing act 
in which sectoral detail, consistency with eco­
nomic theory, and transparency must each appear 
in the right proportions. While none of today's 
models fully meets all those requirements, Global 
2100 comes close. It expands the optimal planning 
design to link five regional models, representing 
the entire world. It contains the most satisfying 
treatment of the energy sector and the clearest 
simple treatment of feedback to economywide 
output. And it is transparent, at least in compari­
son with large, "black box" econometric models. 

Of course, Global 2100 does have its limitations. 
Assessing impacts on different industries would 
require a model with more sectoral detail. such 
as that developed by Jorgenson and Wilcoxen. 
Identifying short-run cost.s of adjustment would 
require a short-run tnacro model. such as that 
of Data Resources Incorporated. Single-country 
detail requires a single-country model, such as the 
handful of U.S.-only models. Comparing long-run 
effects of different carbon tax regimes may require 
a computable general equilibrium model such as 
La\\Tence Goulder's. Further, despite it.s name. 
Global 2100 is global only in a limited sense: its 
five world regions trade nothing except oil and 
carbon emissions permit.s. 

Those limitations aside. Manne and Richcls 
off er valuable insights on the costs of limiting car• 
bon dioxide emissions. Reducing U.S. carbon 
dioxide emissions from f ucl use b~· 20 percent 
from 1990 levels would cost about 2.5 percent or 
U.S. GNP by 2030. (For comparison. the a,·era~c.­
recession reduces long-run U.S. GPl:P b,· about I 
percent). The 20 percent cut would co!>l I to 2 
percent of GNP in the rest of thc OrJ!ani1..ation for 
Economic Cooperation and Dc\'elopmcnt. whid1 
has a less carbon-intensiw cconom,·. anJ 3 p.·1 • 
cent in the more carbon-intensiw c.-(onom·ii~ ol 
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the former Eastern bloc and Soviet Union. China, 
with the most coal and the most ambitious eco­
nomic growth targets, would face a crushing cost 
of 5 percent of GNP by 2100. Hardly anyone thinks 
China will sign on to policies that wipe out its 
future GNP growth. And if China and other devel­
oping countries do not sign a worldwide agree­
ment, economic growth will drive up their carbon 
dioxide emissions enough to swamp emissions 
cuts made by the rich countries. (Manne and 
Richels expect worldwide GNP to grow by a factor 
of five over the next century.) Jae Edmonds and 
Richard Barnes have calculated that without 
cooperation by the less-developed countries, the 
world could not achieve a 20 percent cut in carbon 
dioxide emissions by 2020, even if the OECD elim­
inated carbon dioxide emissions entirely. 

Manne and Richels make another important 
contribution when they frame the question of 
greenhouse abatement as one of decisionmaking 
under uncertainty. With the large gaps in current 
scientific knowledge, many have urged early 
action to slash carbon dioxide emissions, as a kind 
of insurance against possible catastrophe. But as 
the authors demonstrate, an aggressive research 
program could provide its own greenhouse insur­
ance by answering the question, '1s a catastrophe 
possible?" in time to take action. With an aggres­
sive research program in place, waiting a decade 
or so before making costly commitments becomes 
an attractive alternative. 

Some researchers have criticized Manne and 
Richels as too pessimistic on the costs of reduc­
tions. Princeton's Robert Williams, for example, 
asserts that Manne and Richels' work significantly 
overstates the costs of new, less carbon-intensive 
technologies. When Stanford's Energy Modeling 
Forum compared the results of a dozen related 
models, all run on a consistent set of assumptions, 
Global 2100 appeared at the high end of the range. 

On the other hand, Manne and Richels neglect 
certain factors that would make control cost.s even 
higher. For example, Global 2100 implicitly 

• assumes the most efficient control policies. Fur­
ther. Harvard's William Hogan and Dale Jorgen­
son bclieve that Global 2100 omits an important 
indirect cost. They find evidence from the past 
several decades that productivity growth is associ­
ated with increasing energy intensity, and thus 
thnt restrictions on carbon dioxide emissions, by 
reducing energy use, would depress total factor 
productivity (the measure of output divided by all 
inputs taken together), and thus economic 
growth. 
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Over the next decade three questions will domi­
nate the policy debates: How far shou1d we go 
in curbing greenhouse emissions? What will be 
counted? And how are the costs to be shared? 
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Manne and Richels and their colleagues have 
already taken important steps toward answering 
those questions. Policymakers should take heed. 

,.. 



SUMMARY 

• Estimates of the cost of greenhouse gas emission reduc­
tion are sensitive to assumptions about appropriate 
mooel structure, demographic and economic growth, 
the cost and availability of both demand-side and 
supply-side energy options. the desired level and tim­
ing of abatement. and the choice of policy instruments. 
Different assumptions have led to a wide range of emis­
sion reduction cost estimates. 

• Despite significant differences in views. there is agree­
ment that some energy efficiency improvements (per­
haps 10-30'k of current consumption, depending on base­
line assumptions and the implementation time frame) 
can be realized at negative to slightly positive costs. The 
existence of such a no-regrets potential depends on the 
existence of substantial market or institutional imper­
fections that prevent cost-effective emission reduction 
measures from being taken. The key question is whether 
such imperfections can be removed cost effectively by 
policy measures. 

• Energy-related emissions can be reduced through both 
demand-side (energy efficiency) and supply-side (alter­
native sources of supply) options. In the shon term. de­
mand-side options are cheapest in most countries. 

• Estimates of the costs of stabilizing CO2 emissions vary 
widely as a result of differences in both the baseline sce­
narios used (e.g .. how much energy efficiency or what 
rate of economic growth is contained in the baseline 
scenario) and the calculated costs of various policy 
measures. 

• There has been much more analysis to date of emission 
reduction potentials and e:osts for industrialized coun­
tries than for other pans of the world. Moreover, many 
existing models arc not wen suited to the study of econ­
omies in transition or developing country economies. 
Much more work is needed to develop and apply models 
outside of developed countries. 

• The overall cost of abatement programmes will ulti­
mately be determined by the rate of capital replacement, 
the discount rate, and the effect of research and devel­
opment. Appropriate Jong-run signals to encourage re­
search and development will reduce long-run costs. The 
implementation of any no-regrets potential will increase 
the time available to learn about climate risks and to 
bring new technologies to the marketplace. 

u:.}'?•, ., . SJIJ.4?.A?EP a * .• !$!0 Si . 

• Infrastructure decisions are critical because they can en­
hance or restrict the number and types of future options. 
and different infrastructure decisions can lead to very 
different cost outcomes. This issue is of panicular im­
ponance to developinrtountries, where major infra­
structure decisions will be made in the near term. 

• If the climate issue is formulated in terms of stabilizing 
atmospheric concentrations, the choice of emission time 
path is critical in determining the overall price tag. It is 
imponant to identify those paths that minimize the costs 
of achieving a panicular concentration target. 

• The overall impact of a carbon tax will depend not only 
on the size of the tax, but also on the uses to which the 
revenues are put. If carbon tax revenues are used to re­
duce more distonionary taxes. overall emission reduc­
tion costs will be reduced. Inefficient tax recycling 
could. however, increase costs. 

• There is need for both detailed (bottom-up) analysis of 
technological options and also more aggregate (top­
down) analysis of economic effects. Whereas, histori­
caUy, these two approaches have been associated with 
very different cost estimates, this need not always be the 
case. Indeed, widely differing methods can produce 
quite similar results when calibrated to the same set of 
input assumptions. 

• Given differences in marginal emission reduction costs 
among countries, international cooperation can signifi­
cantly reduce the global price tag for emission reduction. 
Economic efficiency would be enhanced by carrying 
out emission reduction where it is cheapest to do so. 

• Estimates of the costs of stabilizing CO2 emissions 
at 1990 levels in OECD countrits vary widely. Many 
bottom-up studies suggest that the costs of achieving 
this target over the next few decades may be negli­
gible. Given rising baseline emissions over the longer 
term, however, many top-down studies suggest that the 
annual costs Qf stabilizing emissions may ultimately 
exceed 1-2% of GDP. 

• The costs of stabilizing emissions for tconomits in 
transition may be small relative to OECD countries. 
The potential for cost-effective reductions in energy use 
is apt to be considerable, but the realizable potential will 
depend on what economic and technological develop-
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ment path is chosen. A critical issue is the future of 
structural changes in these countries that may drasti­
cally change the level of baseline emissions and the 
emission reduction costs. 

• Analyses suggest that there may be substantial low-cost 
emission reduction opponunities for developing coun-

tries. However, these are likely to be insufficient to off. 
set rapidly increasing emission baselines associattd 
with. for example. increased economic growth. In tht 
absence of a highly favourable allocation of carbon 
emission rights. the likely magnitude of emission rtduc­
tion will be particularly costly for developing countrits. 

I 



A Rel'iew of Mitigation Cost Studies . 
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Figure 9.1: U.S. Studies: Cost of CO2 abatement relati\'e to baseline projection. 

9.1 Introduction 

A variety of options can be adopted in response to the 
prospect of increasing concentrations of greenhouse gases in 
the earth's atmosphere. These include (I) options that elimi­
nate or reduce greenhouse gas emissions; (2) options that off­
set emissions, for example, through the enhancement of sinks; 
:ind (3 I options that help human and ecological systems adjust 
or adapt to new climate conditions and events. The first and 
second types of interventions take effect prior to climate change 
and are intended to slow its pace. As such, they are ref erred to 
as .. mitigation" measures. The third category of intervention 
takes place after warming occurs and faJls under the classifi­
cation of .. adaptation." This chapter reviews existing studies 
of the economic costs of mitigating greenhouse gas emis­
sion~. 

A caveat is in order. Sensible greenhouse policy should in­
volve careful consideration of the costs of mitigation and 
adaptation options together with what these options may buy 

• ~ - . ' z 

in tenns of reduced environmental impacts. This chapter fo­
cusses exclusively on mitigation costs. The benefits from 
adopting such options are discussed in Chapter 6. 

9.2 Review of Existing Studies of the Costs of 
Reducing CO2 Emissions 

In recent years, there have been numerous studies of the costs 
of reducing CO, emissions. Unfonunately, estimates have 
spanned such a °wide range that they have been of limited 
value to policy making. Figure 9.1 and Table 9.1. which sum­
marize recent projection!i of the costs of reducing U.S. CO, 
emissions, are illustrative of the current lack of consensu; 
about the costs of emission reduction. Whereas some studies 
place losses at several percent of GDP, others question 
whether there will be any losses at all. An essential first step 
in narrowing the range of disagreement is to determine why 
estimates differ so widely . 
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Table 9.4 compares model results for the stabilitation and 
20Ck reduction scenarios. Estimates range from $'20 to $150 
per tonne for the carbon taxes required to hold emissions at 
1990 levels in 20 I 0. Estimates of the carbon taxes required to 
reduce emissions by 20'k below 1990 levels in 2010 range 
from $SO to $330 per tonne. 

Two parameters are particularly important in explaining 
the differences in tax projections: the price elasticity of en­
ergy demand and the speed with which the capital stock ad­
justs to higher energy prices. Neither was controlled in the 
EMF experiments but rather they were left to the choice of the 
modellers. Not surprisingly, those models using lower price 
elasticities required higher taxes to achieve the same emission 
goal. Those models which assumed greater mallea_bility of 
capital required lower taxes. ~; 

The wide spread in the numerical results should not, how­
ever. obscure the fact that the models were in agreement on a 
number of important points. First, despite the inclusion of im­
proved technologies and improved energy efficiencies in the 
reference case, all the models projected that intervention 
would be required to achieve the emission targets. 

Second, the size of the required tax increases with the 
stringency of the carbon limit. The tax paths shown in Figure 
9.4 represent averages of the model results: Note that the size 
of the required tax doubles as the limit is tightened to 20% be­
low 1990 levels and nearly doubles again for a 50% reduction. 
This suggests that the economic efforts to be devoted are non­
linear with respect to th_c level of contr0ls in any given year. 
That is. incremental reductions are apt to cost more as the ab­
solute level of allowable emissions is reduced. 

Figure 9.4 also suggests that the size of the carbon tax is 
apt to vary over time. even for the same target. RccaJIJ.l)at the 
purpose of the tax is to raise the price of carbon-intcnsivc fu­
els to the point where consumers will tum to price-induced 
conservation and "Jess carbon-intensive supply alternatives. 
Hence. the size of the tax is determined by the cost differential 
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Figu~ 9.5: U.S~ GDP loss projections - average of all models. 

between the marginal sources of supply with and without a car­
bon constraint. This cost differential is apt to change over time. 

9.2.J.J.4 GDP losses 
Table 9.4 shows a marked variation in GDP losses across 
models. Stabilizing emissions at their l 990·Jevels is estimated 
to reduce GDP by 0.2-0.7(){- in the year 2010 - roughly a $20 
bi11ion to $70 billion loss for that year. Estimates of the costs 
of reducing emissions by 20% below 1990 levels in the year 
2010 range from 0.9 to 1.7% of GDP. 

In making these calculations, the modellers assumed a 
lump sum redistribution of tax revenues. That is. tax revenues 
arc used to replace other tax payments by individuals and cor­
porations without affecting marginal tax rates or total tax rev­
enues. The GDP losses calculated in this manner measure the 
cost of the distortions to the economy caused by the imposi­
tion of the carbon tax. There are no credits or penalties for 
lump sum recycling of tax revenues. The assumption of lump 
sum recycling avoids confusing the economic impacts of car­
bon taxes with costs or benefits attributable to potential uses 
of the revenues. 

Figure 9.5 shows the average GDP losses across models. 
Holding emissions at 1990 levels results in a 0.3% loss in 
2000. This rises to 1.5% by the middle of the century. That 
GDP losses increase over time should come as no surprise. In­
creasing amounts of carbon must be removed from the energy 
system in order to hold emissions to a particular target. GDP 
losses also increase with the stringency of the target. With a 
20% reduction. losses exceed 2% of GDP in 2050. With a 
50% reduction, losses exceed 3% of GDP. 

It is interesting that GDP losses for a given year arc influ­
enced by expectations about limits in future years. All three 
emission ·reduction scenarios require that emissions be stabi­
lized at 1990 levels by the year 2000. Yet losses are higher in 
2000 for the scenarios that eventually reqllire further reduc­
tions. The reason is that energy investments are typically long 
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