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THE ROEE OK R&D IN LIMITING; GREENHOUSE GAS EMISSIONS

One of the key issues in developing a domestic climate change policy will be ilic emphasis placed on 

potentially expanding the Federal R&D effort into technologies that promise to reduce future greenhouse 

gas emissions and/or lower the cost of achieving a given greenhouse gas reduction target. While 

advances in technology clearly will play a pivotal role in long-term emission reductions, the key decisions 

will involve:

• the emphasis placed on medium term vs. long term emission reductions;

• the near-term budget implications of enhanced investments in technology development;

• the extent and character of private-.sector participation in an expanded R&D effort;

• the relationship between R&D and near-term technology deployment efforts; and

• the role, if any, of international coordination on R&D efforts.

. Achieving greenhouse gas emission reductions iliat would stabilize aunospheric concentrations ai "safe" 

levels will require major advances in technology in every sector of the economy. Fortunately, many of 

the necessary advances arc within plausible pathways of current research and development efforts.
Federal R&D is already pur suing most of the important COj-mitigating technologies because they 

provide other benefits that have long been the basis of national policy, such as reducing criteria air 

pollutanls and other environmental harms; decreasing dependence on foreign oil; increasing the 

competitiveness of domestic industries; and providing leadership in industries likely to achieve an 

international market of several hundred billion dollars per year in the next century.

Achieving thc.se goals will nonetheless be difficult at a time of constrained federal spending and sharp 

reductions in long-term private .sector R&D. Since 1978, federal investment in energy R&D has declined 

75%. Energy R&D investment by industry fell 33% from 1983 to 1993; the electric utility ami the gas 

industry have cut iJieir R&D investments sharply. Indu-stry as a whole ha.s reduced its ba,sic and applied 

research from 27% of its total R&D in 1988 to 17% in 1994. A viable R&D component of a climate 

strategy woulil entail both expanding federal resources and stimulating additional private sector R&D 

activity.

1
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Tlic aced for major technology advances can be seen from tlie following equation:
Emissions = Popularion x Affluence (GDP/capiia) x Technology (Emissions/GDP)

From 1990 to 2060, we may well see global population double anil affluence increase by a factor of 

four. At the same time, the world may ultimately need lo lon’er emission.s from 1990 levels, 

requiring the average emissions-related technology to improve by more than a factor of ten during 

the next few decade,s and then be rapidly deployed throughout the world.

Any R&D effort is inu'insically valuable but inherently risky. We can confidently expect significant 

benefits (based on empirically high returns on feileral, private or blended invc.sunent) as well as some 

unexpected benefit-s (c.g. much of the gas turbine technology that is today generating cleaner, low-cost 

electricity had its roots in government-funded work on military jet engine.s). However, we cannot predict 

ahead of lime the technology "winners" from R&D. The operational ri.sks are making premature 

commitments to development programs that prove to be technical or economic dead ends, .such as the 

breeder reactor or synfiiels debacles of the 1970s. At the other extreme, underfunding tlie most 

promi.sing areas by .spreading an R&D effort too thinly across a spectrum of technologies, as we did 

during the 1980's in energy efficiency and renewable energy R&D, misuses scarce resources while 

foregoing substantial progress. l,.essons learned form the past two decades have shaped our current R&D 

strategy, which chart a .sensible middle course between the two extremes.

Tills paper will examine the most promising R&D for mitigating COj, focasing on four strategic thrusts; 

(1) dean power generation, (2) energy efficiency, (3) carbon sequestration accompanying a transition to a 

hydrogen-based economy, and (4) very advanced rc.search, .such as superconductivity, nanotechnology, 
and photo.synthciic mechani.sms. Responding to the climate problem may require breakthroughs in all of 

ilicse areas, and in any case the high-risk nature of R&D requires the pursuit of multiple pathways. From 

a technology development standpoint, successful (i.e, low-cost) climate stabilization will require:

• Accelerated diffusion of existing low-COi technologies by 2010 (sec "Market Transfomiation" 

paper);
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• Significant penetration of new very-low-COj technologies from 2010 to 2020 (the period of 

greatest economic concern in the current negotiations); and

• Substantial or nearly universal rieployment of ncar-zero-COj technologies in the succeeding 

decades (where the opportunity exists for fundamental alterations in the energy system).

Increasing the probability of achieving thc.se de.sirablc outcomes will require expanding the government's 

current R&D spending in these areas, which i.s roughly $1.3 billion per year. Also, partnerships with 

industry, "market pull" deployment initiatives, improved regulations, and other policies will be required to 

en.sure technological success and accelerated market penetration. The benefits could be enormous, 

including the avoidance of (he costs a.ssociated with the other approaches to CO^ mitigation such as 

higher taxes and regulation. A 1997 study by Pacific Northwest Laboratory found that developing and 

deploying advanced technologies over the next 15 to 30 years could lower the prc.scni value cost to the 

global economy of stabilizing the atmosphere at 550 ppm COj from one trillion dollars down to nearly 

zero.

CLEAN POWER GENERATION

Natural gas technologies now set the benchmark for low cost, cleaner power generation. Moreover, 

advances in natural gas turbines will yieUI overall energy conversion efficiencies of 60% or more in the 

next decade, doubling the efficiency of traditional coal-fired planis. Fuel cells, which generate electricity 

directly from hydrogen tierived from fuels such a.s natural gas, are promising because of their high 

efficiency and h)w emis.sions. High temperature fuel-cells, such as molten carbonate and .solid oxide, may 

have significant application in power generation with further R&D. Molten carbonate fuel cells are 

expected to reach 50-60% efficiency by 2000, and perhaps 70% by 2005.

High efficiency coal-fueled power plants, such as integrated gasification combined cycle (TGCC) are now 

being demonstrated at efficiencies (40 to 43%) that are competitive with more traditional coal-fired 

power plants but with much lower emission.s, including 35-45% lower CO^ emi.ssions. The efficiency of 

the next generation IGCC plant could exceed 55%, and, in combination with a fuel cell, achieve 60% by
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Given the uncertain nature of R&l), the level of funding necessary to achieve such a world cannot be 

known, but is likely to be considerably higher than today’s investment levels, especially if the Nation seeks 

to maintiiin world leadership in tlicse technologies. In PVs, deep R&D cuts in the lySO's have left us 

with only 40% of the world market. The Japanese outspend our $60 million R&D effort in PVs by more 

tlian two to one. The relatively high price for electricity in other developed nations, and the far greater 

financial incentives they offer industry, means alternative energy will be cost-effective in foreign countries 

before it is here. Our primary competitive advantage can come only from technological leadership.

KNKRCY EFFICIKINCY

Another key response to climate change is R&D to improve the efficiency of energy use. A major R&D 

effort aimed at improving energy efficiency could have a significant impact on greenhouse gas emissions. 

.Shell's "DEMATERIALISATION" .scenario imagines such a world with improvcmeiiLs in energy intensity 

reaching a sustained 2% per annum, which has been seen for only limited pcricxls in the past, from a 

"New Generation Vehicle" and other relentless advances in efficient technology (.sec Figure 4),

«■

Tlie market for clean technologies could be a few hundred billion dollars per year. Figure ,*i shows global 

COj emissions through 2100 in this scenario. Again, emissions of the criteria air pollutants would show 

an even sharper decline. National and world dependence on Persian Gulf oil would be .severely reduced. 

Carbon dioxide content in the atmosphere would stabilize at about 550 to 600 ppm. Three .sectors are 

particularly important fiir energy efficiency gains: tran.sportation, industry, and buildings.
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TR ANSPORTATION

Transportation R&D is essential because the sector uses very little electricity, so advances in clean power 

generation offer little hope of lowering its CO2 emi.ssions in the near temi. Also, two other major 

national problems- urban air pollution and dependence on foreign oil -stem largely from the 

transportation sector. 1'he current federal strategy is to develop cars and trucks that are highly fuel- 

cfFicient as well as ones that run on fuels other than petroleum, including natural gas, electricity, and 

biofuels (ethanol).

The partnership for a New Generation of Vehicles (PNGV) is a collaboration among federal agencies, 

national laboratories, and the auto industry to design and buihl a prototype clean car by 2004 with three 

times the fuel efficiency of existing cars and very low emissions, but comparable or improved 

performance, safety, and cost. Multiple technology paths are being pursued m build a hybrid vehicle that 

has both an advanceil engine (.such as a clean diesel, Stirling or gas turbine) and an energy storage device 

(such as a battery, fly-wheel or ultra capacitor). Supporting R&D includes lightweight, super-strong 

materials such as composites; high-temperature ceramics; regenerative breaking; and advanced power 

electronics.

Biofuels are one of the most attractive options for lowering U'an.sportation’s CO^ emissions. Federal 

R&D has brought the co.st of ethanol from $3.60 per gallon in 1980 to $1.20 per gallon. With continued 

R&D in bio-engineered organisms and fa.st-growing crops, the biofuels program is expected to produce 

ethanol from waste paper, crop wa.ste, and dedicated crops for under 70 cents a gallon by 2005. 

competitive with oil at $2,5 a barrel, its current price. Significant penetration of biofuels is possible in the 

next two decades.

Proton-exchange membrane (PEM) fuel cells have perhaps the greatest long-term potential for reducing 

transportation CO,. Recently PNGV developed an on-board reformer for converting ga.solinc into 

hydrogen to run a PEM fuel cell, which would have a 50% increase in fuel efficiency over an internal 

combustion engine, half the COj, and a 99% reduction in conventional pollutants below ultra-low' 

emission vehicle stamlards. A PEM fuel cell running on ethanol would have virtually no net CO;
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emission. A decade of R&D may be needed to bring costs down and integrate the fuel cell into a 

commercial vehicle. Maximum efficiency and emission.s reductions would come from running the car on 

hydrogen directly, which will require even more research.

The ultimate low-CO, vehicles and the fuels they would use cannot be known today. To cn.surc that the 

R&D leails to commercially viable vehicles, a number of programs arc needed to ensure that the 

infrastructure is available to support vehicles that run on non-traditionul fuels.

INDUSTRY

. The industrial .sector consumes abt)ut one-third of the nation's energy. The seven most energy-intensive 

industries—steel, aluminum, petroleum refining, chemicals, pulp and paper products, glass, and metal 

casting—account for about HO'ih of the energy consumed in U.S. manufacturing and more than 90% of 
the hazardous waste. They represent the largest opportunity for reducing indu.strial CO, emissions.

The Department of Rnergy has formed partnerships with each of thc.se industries to develop visions of 

cncrgy-cfficicnt, low-polluting, highly competitive "Industries of the Future" and then technology 

roadmaps to identify the best R&D opportunities. These include advanced materials development, such 

as ceramic composites; separation tecluiology, such as advanced membranes; catalysis; bioprtKiessing, 

biocatalysis, and renewable feedstocks; sensors and controls; and indu.strial cogeneration of electricity and 

heat, which can achieve overall efficiencies of more than H()% and could ultimately utilize biomass.

These industries (except chemicals) significantly under invest in R&D compared U> the indusU'y averages. 

What R&D they have devoted to the environment has traditionally been focused on compliance- end-of- 

pipe treatment and control, a.s opposed to prevention—since that is how our rcgulatoiy system is 

designed. While increa.scd R&D is needetl. if Federal pollution prevention technology development is to 

achieve maximum industry cost-share, market penetration, and significant greenhouse gas reduction, the 

Admini.stration must complete its regulatory reinvention revolution, exploring innovative approaches 

through Project XL, the Common .Sense Initiative, and the Environmental Leadership Program.

Traditional point-source controls that addrcs.s a single waste at a time and only after the waste has been
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generated must be replaced by prevention-based, innovation friendly strategic,s. The.se include ba.sing 

standard.s on desireil performance, not "best available technology"; focusing on facilities, communities, 

and ecosystems, not the waste, the media nor the pipe; emphasizing multi-meilia solutions that address all 
wastes; emphasizing continuous improvement, not bright-line fixed compliance; expanding the use of 

information, measurement, and feedback, such as tlie Toxic Relca.se Inventory; and wherever possibly, 

using fiscal tool.s and market mechanisms such as trading schemes and bankable emissions credits. 
Prevention R&D, as oppo.sed to end-of-pipc R&D, is the key to CO^ mitigation, and prevention-oriented 

regulatittns can help shift private-sector R&D dollars in the industrial .sector to the development of low- 

CO2 industrial technologies.

PlJlLDUlil^S
The buildings sector consumes one-third of the nation's energy and two-thirds of its electricity. Federal 
R&D into buildings technologies has been remarkably successful. Consiiler just five technologies 

developed or advanced by the national lab<Tatories in the past two decades at a co.st of roughly $40 

million- building design software and advanced lighting, windows, oil burners, and refrigerator 

compressors. '1‘hese have provided cumulative net savings of more than $15 billion to consumers and 

bu.sine.s.scs. exceeding the $14 billion spent on all energy efficiency R&D since 1978. They are lixlay 

providing more than U) million metric tons of annual COj savings.

Continued R&D in the buildings .sector is likely to prove Just as cost-effective. Key near-term 

technologies include improvements in lighting, superwindows, advanced dc.sign .software, high-efficiency 

clothes washing, heat-pump water heaters, ga.s heat pumps, improved insulation and duct systems, more 

efficient cooling including gas cooling, solar heating and cooling, and day lighting. Urban heat island 

mitigation R&D could enable deep and highly cost-effective energy savings in air conditioning, while 

dramatically reducing smog formation. Relevant R&D includes developing highly reflective roofing and 

road materials, and modeling the impact of those materials and shade trees on buildings and cities.

Longer term R&D needs include electrochromic glazes for windows, building-integrated PV .systems, and 

PEM fuel cells. In 2010, a building using efficient technologies with electricity ami hot water provided by 

an 80% efficient fuel cell could have no first-cost penalty with well under half the energy of a typical
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1991) builitiny and oneTenth the CO2 emi.N.sion.s.

CAFI’IIRK AND SKQUKSTRATION

In addition to the portfolio of R&D options related to Ies.s C02 intensive technologies for energy supply 

and use, capture and dispo.sal of C02 offers an additional alternative for reducing atmospheric 

concentrations of C02. If major reductions in C02 emissions are necessary, and global reliance on fossil 

fuels continues beyond the middle of the next ccniui7, then some form of C02 sequestration will almost 

certainly be needed as part of the C02 solution mix. The Climate Technology Initiative, launched under 

the auspices of the Framework Convention on Climate Change and supported by the US, stresses the 

need to “assess the feasibility of developing longer term technologies to capture, remove or dispose of 

greenhouse gases....”

Moreover, a successful program to develop save, low cost greenhouse gas sequestration options shoulil 

garner bipartisan support for progress on climate change issues by allowing for continued u.se of fossil 

fuels while minimizing the direct costs of mitigation programs. If these disposal techniques are 

sufficiently low in ctist, they could also be a means to induce developing country participation in a climate 

change mitigation program, thereby overcoming another institutional barrier to implementing an effective 

mitigation program.

A long-term R&D strategy would include demonstration of a number of sequestration options and 

research into their possible environmental impacts; converting CO2 into an industrial chemical feedstocks; 

other novel sequestration options, such as COj fixation by micro-algae; selectively permeable membranes 

for CO2 capture; processes for converting fossil fuels and biomass into CO2 and hydrogen; development 

of hydrogen infrastructure technology, including transportation and storage; and PEM fuel cells.

As noted earlier, R&D into clean power generation and energy efficiency support many long-standing 

national goals and have been pursued for years. Carbon dioxide capture and sequestration, however, 

makes sense on a massive scale only in a greenhouse-gas con.straincd world. So, at least in this country, 
this area has been relatively umler funded; since 1990 Japan has spent more than 30 times what we have 

on C02 capture and sequestration.

10



Jan-31-97 06:51P TECHNICAL & FINANCIAL 202-586-5145 P* lO

JiUllliliy 31. iyV7 Pre-ikuisional dnift: Do Not Cilo or (juoic

• within a zem-sum constraint toward Federal K&D resources that would necessitate

rcduciriiz investments in other R&l^ areas, or

• expand the overall Federal R&D effort

2) Expand current partnerships with industry to fix;u.s on key CO2 objectives through sectoral R&D

initiatives in electric utilities, natural gas industry, industrial proce.sses (e.g. Industries of the

Future), transportation (e.g. PNGV), and buildings.

3) Lay the R&D foundation for longer-term radical energy system shifts, e.g. a hydrogen-based

energy economy or building CO. sequestration technologies into the energy system.

4) Fiscal policy adjustments (not contemplated in this paper), e.g., accelerated depreciation for low- 

carbon technologies, tax crciliis for low-carbon technology development and deployment.

5) Design legislation to support CO2 reduction goals, including reinventing envii-onmental regulation

to encourage energy efficiency investments as a key compliance strategy. Ensure that expected

legislation, such as utility rc.structing, supports CO. goals.

6) Engage in internationally-coordinated R&D efforts, either under the aegis of a negotiated

protocol to the Framework Conventiun on Climate Change or through other mechanisms.
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TO; •See attached list

FROM: OES - Eileen B. Claussen

SUBJECT; Revised Climate Change Paper
Thank you for the valuable comments on the climate change 

paper, both at our meeting last Friday and subsequently. We 
have substantially revised the paper, shortening it and 
incorporating comments received. Please review it quickly and 
let us know by noon today, November 26, whether there are any 
serious problems, we will plan to transmit it to the White 
House for formal distribution this afternoon.

Attachment:
As stated.
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I. Introduction and Background

At the second meeting of the Conference of the Parties 
(COP-2) to the United Nations Framework Convention on Climate 
Change (FCCC), the United States called for next steps under 
the Climate Convention for the post-2000 period to include 
verifiable, realistic and achievable, legally binding medium 
terra targets for developed countries with maximum flexibility 
that would be implemented through national programs and begin 
to reduce the threat of climate change consistent with economic 
prosperity. The U.S. position also underscored the need for 
all nations, including developing nations, to take actions to 
limit greenhouse gas emissions. Finally, we called for 
continued work on a longer-term global concentration goal (e.g. 
50-100 years). We continue to believe that this is the 
approach that will produce a successful outcome at the third 
session of the Parties in Kyoto in December 1997.

To this end, we would like to call attention again to the 
conclusions of the IPCC Second Assessment Report, which found 
that "the balance of evidence suggests a discernible human 
influence on global climate." The potential for impacts of 
climate change on natural systems, the economy and the quality 
of life for future generations is truly significant. The 
scientific evidence suggests climate change, if unabated, could 
be detrimental for human health, food security and water 
resources in many regions of the world. The potential for such 
impacts makes climate change a "high-risk" problem. In our 
view, all Parties should act on the conclusion Ministers 
reached last July: that the science provides a compelling
basis for urgent action to address climate change.

Notwithstanding the compelling evidence compiled so far, we 
must continue our efforts to further develop and refine our 
understanding of the science of climate change, even as we seek 
to ameliorate its impacts. Such understanding, coupled with 
advances in the development and application of new technology, 
will ultimately enable a more targeted and successful long-term 
approach to solving this pressing problem.
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We believe that next steps must be as cost-effective as 
possible. Our analyses completed to date suggest that more 
flexible approaches offer significant cost-saving 
opportunities, and these must be brought into the Convention's 
basic framework. Flexibility includes allowing Parties 
nationally to determine the most appropriate policies and 
measures to meet the agreed target, and allowing emissions 
trading and joint implementation between Parties to minimize 
the cost of reductions.

The United States arrived at this basic framework for a 
number of reasons. It is clear that the Convention's existing 
framework of a non-binding "aim" is not working, even though, 
at the national level, numerous voluntary partnerships with 
industry are working well. Most developed countries, including 
the United States, will not achieve the goal of returning 
emissions in 2000 to 1990 levels. A binding commitment will 
create a stronger incentive for nations to decide on a 
realistic target, to make the effort required to meet the 
target, to ensure a level playing field, and to foster 
development and deployment of advanced technologies.

Our focus must be on appropriate steps over the medium 
term, while we continue to develop a longer term goal. We 
reiterate that short term targets (i.e., before 2010) are 
unrealistic, and we cannot accept them. Short-term targets 
would be unnecessarily burdensome to national and global 
economic growth and development. They could mean that few if 
any countries would ratify the agreement.

Finally, the United States recognizes the need for global 
climate change to be addressed on a global basis. As a result, 
we believe it is imperative that the agreement we reach in 
Kyoto include an enhanced commitment by developing nations to 
take further steps to mitigate their emissions of greenhouse 
gases, while recognizing that developed countries must show 
leadership in addressing this problem, we believe it is very 
clear that all nations must be part of the solution.

- The Ministerial Declaration in Geneva at the Second 
Conference of the Parties to the Convention provides climate 
negotiators with a blueprint for action; we strongly endorse 
its approach. However, it is now time to develop and agree on 
concrete proposals.

This paper outlines our view on a number of issues about 
which we feel strongly, as well as others where several options 
merit closer scrutiny.

We expect to have further views on specific numbers that 
should be included in targets and timetables in the future as
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the results of our continuing analysis and assessment emerge. 
We hope that other Parties will join us in developing new 
proposals to meat our environmental and economic goals.

II. Linkages
A number of key variables under consideration are 

interdependent. This interdependency must be recognized in 
negotiating our next steps. The United States proposed a 
three-part framework for the target in Geneva, including that 
the target be legally binding, that it focus on the medium 
term, and that it maximize national flexibility in 
implementation. In addition, the United States believes it 
will be critical to include developing countries in next steps; 
finding a solution to the climate change problem will require a 
concerted global effort, in our view, all four of these 
concepts are linked, and all four must be included in the legal 
instrument.

III. Defining the Form of the Target
As noted above, at COP-2 in July, the United States 

specifically called for focusing negotiations on a legally 
binding, medium-term emissions target, incorporating 
flexibility in time and place of implementation. The United 
States also expressed an interest in continuing to work toward 
a longer-term concentration goal. We rejected any target which 
called for an unrealistic near terra goal — and we continue to 
reject such an approach. We also remain convinced that the 
target should be designed in manner that allows for adjustment 
on the basis of new and evolving science. This paper outlines 
some of our current thinking on the form and structure of the 
target.

Mnlti-vear Targets
- The United States believes that the target set in the next 

step should cover a multi-year period in order to accomplish 
several objectives. First, a multi-year target would smooth 
year-to-year variability in weather and economic cycles. U.S. 
analyses of the effects of such variability provide a striking 
example of the importance of this issue; unusually hot or cold 
years can change U.S. gross national emissions by as much as 
two percent — or about 40 percent of the emissions reductions 
sought from the energy sector by the year 2000. Because swings 
in weather, energy prices or economic cycles cannot be 
predicted with confidence, a single year target would require 
each country to build in an extra margin of GHG reductions to 
ensure compliance, significantly and unnecessarily raising the 
cost.
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Second, a multi-year average would give Parties important 
flexibility to determine the pace at which their emissions 
budget would be expended over the period (evenly, front-loaded, 
or back-loaded). This flexibility may be particularly 
important in helping Parties to reduce their compliance costs 
in view of differing national circumstances. To provide this 
flexibility, targets could be set with budgets covering a 
multi-year period, for example, 2010-2020.

Ranking/Borrowing
The United States strongly urges consideration of banking 

between multi-year average target periods. Such a process 
would allow emissions below the target in one period to be used 
to offset higher than target emissions in later periods.
Banking of emissions could reward efforts to make reductions in 
earlier periods. Similarly, we also strongly urge that 
consideration be given to allowing Parties to borrow against 
their targets for the next period in order to emit more in a 
current period. We recognize that borrowing will require that 
a credible accounting and repayment mechanism be put in place.

pifferentiahion Among Annex I Parties
A number of Annex I Parties have suggested proposals for 

differentiation of commitments of the members of this group. 
While the United States acknowledges the clear distinctions 
that can be (and are) drawn between different Parties and 
groups of Parties, we do not believe that developing a complex, 
formulaic approach which differentiates at an individual Party 
level is a viable alternative at this stage in the 
negotiations. To date, we have seen no formula for a 
differentiated approach which equitably addresses all Parties' 
concerns.

An effort to define an acceptable differentiation scheme in 
this legal instrument will likely derail the negotiations, by 
being too divisive and time-consuming, or by disadvantaging a 
group of countries which might then choose not to sign or 
ratify. Either outcome could negate the value of the 
differentiation effort.

Instead we endorse the adoption of a common approach with 
respect to targets that maximizes each Party's flexibility with 
respect to the choice of domestic policies and measures to 
implement the target, coupled with international trading 
instruments to minimize and equalize Parties' costs of making 
reductions. Such an approach would enable the completion of 
the agreement by December 1997,
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r.nmprfthenaivft Approach
The United States continues to support the inclusion of all 

greenhouse gases, both sources and sinks, in a comprehensive, 
verifiable approach to addressing the climate change problem. 
Gases other than carbon dioxide account for about 30 percent of 
the radiative forcing from all emissions since the industrial 
revolution. Furthermore, different gases represent different 
strategic opportunities from the perspective of effects on the 
climate system. For example, reductions in methane emissions 
could yield a lower rate of warming over the next several 
decades than comparable reductions in carbon dioxide. To 
forego such a significant source of reduction potential would 
be both to reduce flexibility and to decrease the 
cost-effectiveness of the overall effort.

Assuming a comprehensive approach, several issues still 
require additional consideration, including the different level 
of certainty with regard to measurement of non-C02 emissions in 
various sectors, problems with verification, and the relative 
importance or weighting to be assigned to different gases.
There are also significant technical difficulties concerning 
accounting of sinks which need to be addressed. We will 
continue to insist that any agreed approach be fully 
quantifiable and verifiable, and include appropriate accounting 
procedures prior to inclusion into the legal instrument. The 
United States is currently working to address these concerns, 
and believes that a solution that is technically and 
politically satisfactory is achievable within the Kyoto 
timeframe.

IV. Emissions trading and Joint Implementation
The United States believes commitments adopted in Kyoto 

must be structured so as to allow Parties flexibility to 
achieve their emissions target as cost-effectively as 
possible. It is critical that provisions for international 
greenhouse gas emissions trading and joint implementation be 
included in the Kyoto agreement in order to meet the new 
commitments at the lowest cost.

n«»f initi nna ! Emissionp Trading. Joint liholefnentation ..
Artivltias Tmolemented .Tnintlv

In the U.S. view, some common definitions and distinctions 
will help clarify discussions in this area. We envision 
emissions trading as applying between Parties that have assumed 
a legally binding target for their greenhouse gas emissions.
We envision joint implementation as a mechanism to allow 
credits for emission reductions between Parties with a target
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as well as between a Party with a target and a Party without a 
target. Activities implemented jointly (AIJ) is a pilot 
program to evaluate the viability of project-based reductions 
in the absence of targets and without credit. While AIJ will 
provide valuable insights for Jl, we see no role for it in FCCG 
commitments beyond the year 2000.

Etp-isRiring Trading Among Paroles With Targets
The United States believes that the Kyoto agreement should 

include provisions for emissions trading among Parties which 
have assumed a binding quantified emissions target. This 
includes Parties that assume such a target in the Kyoto 
agreement/ and additional Parties that do so subsequently. 
Through emissions trading, such Parties would have the 
opportunity to meet their emissions target at the lowest cost. 
This is a matter of ensuring environmental gains in the most 
cost-effective way.

Trading makes sense when costs of controlling greenhouse 
gas emissions differ among Parties. In this case, it is more 
cost-effective for the high-cost Party to buy a portion of the 
emissions budget of the low-cost Party thanto undertake those 
reductions domestically. This rationalization of emissions 
reductions would be strictly voluntary, and would occur only if 
both Parties agreed. Under such an approach, the environment 
is protected, the high-cost Party saves money, the low-cost 
Party is compensated, and the combined cost of meeting the 
targets is reduced.

The United States has had success domestically using 
emissions trading substantially to reduce the costs of 
complying with clean air standards for acid rain. Experience 
with international amissions trading has also been gained under 
the Montreal Protocol on Substances that Deplete the Ozone 
Layer through the industrial rationalization provision of the 
London Amendments.

Based on such successes, the United States believes that an 
effective and enforceable regime for emissions trading among 
Parties with a binding target should be developed and must be 
included in the Kyoto agreement. A number of issues need to be 
addressed regarding how such an international regime might be 
structured.

Emissions trading, as noted, would take place only between 
Parties that have assumed a legally binding emissions target. 
The target will give each such Party an_allowable amount of 
greenhouse gases it can emit during a time period — in other 
words, an "emissions budget" for the relevant period, expressed 
in metric tons of carbon equivalent. In its most basic form,
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the emissions trading regime would allow one Party to transfer 
(sell or trade) some of its allowable emissions to another 
Party. The first Party would then be responsible for meeting 
its emissions target, minus the amount transferred. The second 
Party would be responsible for meeting its emissions target, 
plus the amount transferred.

We anticipate that many Parties will desire to develop 
emissions trading further, in order to allow private firms or 
other entities within their borders to engage in emissions 
trades with counterparts in other nations. In addition to 
government-to-governraent trades and firm-to-firm trades, we can 
also envision mixed transactions, in which firms from one Party 
buy directly from the government of another Party.

Under such a system, it would be necessary for the firms 
involved in international emissions trades to report the 
amounts bought or sold to their respective governments. One 
Party would then have the responsibility to meet its target as 
augmented by purchases by its firms. The other Party would 
have the responsibility to meet its target as reduced by the 
emissions sold by its firms.

Certain fundamental institutional features are necessary 
for Parties that engage in international emissions trading to 
ensure that trading is verifiable, efficient, and 
environmentally beneficial. These include compatible 
mechanisms for accurately measuring, tracking, and reporting 
domestic emissions. Parties also must have the means to track 
amounts of emissions transferred to or from other Parties, to 
reduce or augment their national emissions target accordingly, 
and to ensure the integrity of trades undertaken by their 
nationals. The United States believes that guidance for these 
areas must be developed by and agreed to at COP-3 in Kyoto.

Joint Implementation

The FCCC Parties have been engaged in discussions of joint 
implementation for several years. During this time, support 
has grown regarding the value of joint implementation involving 
aParty that is subject to an emission target and another Party 
that is not (whereby a Party with a target gains credit for 
taking actions that reduce emissions in a Party without a 
target). Such an approach has the potential to reduce the 
first Party's cost of meeting its target, while increasing 
investment in and diffusion of technology to the second Party.

The United States believes that the Kyoto agreement must 
include the establishment of a joint implementation regime 
providing for emissions credits. Such a regime will encourage 
the rapid development and implementation of cooperative.
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mutually voluntary projects between partners; encourage private 
sector investment and innovation in development and 
dissemination of technologies; and provide an incentive through 
financial and technical assistance to further the development 
of non-Annex I country programs to limit increases in 
greenhouse gas emissions.

In order to realize the potential of joint implementation, 
the process of developing criteria, currently underway in the 
Subsidiary Body for Scientific and Technological Advice 
(SBSTA), must continue. Such criteria will be essential to 
ensure that joint implementation becomes a credible and 
significant contributor in solving the climate change problem. 
The U.S, Initiative on Joint Implementation (USUI) has been 
one of the most successful and aggressive programs in the 
development and application of criteria. We intend to remain 
active in the further development of criteria (working both in 
the domestic context of the USUI and internationally). We 
reiterate our view that criteria development can be completed 
prior to the year 2000, in time to include JI credits in 
national GHG reduction compliance programs.

We continue to stress the importance of three criteria in 
particular: (1) acceptance by the governments of the
participating countries; and (2) the importance of the 
reporting of data and methodological information with regard to 
the project, and (3) the need to insure "additionality" (i.e., 
a reduction in net greenhouse gas emissions as a result of the 
project).

V. Continuing to Advance the Implementation of Commitments for
All Parties (Article 4.1 Commitments)
Recognition is widespread that the threat of climate change 

is a global problem that can only be overcome through global 
action. While industrialized countries now account for the 
majority of the world's past and current greenhouse gas 
emissions, greenhouse gas emissions are growing most rapidly in 
the developing countries; emissions there are projected to 
exceed those of the developed countries by about 2020. The 
Climate Convention, and the Parties (based on their decisions 
to date) recognize both realities.

The Berlin Mandate began a process to enable the Parties to 
take appropriate action for the period beyond 2000. It 
provides for developed countries to elaborate on policies and 
measures, and to set quantified emission limitation and 
reduction objectives for greenhouse gas emissions. For 
developing country Parties, the Berlin Mandate process will not 
introduce any new commitments but calls upon Parties to
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reaffirm existing commitments in Article 4.1 and continue to 
advance the implementation of those commitments. The Geneva 
Declaration from the Second Conference of the Parties last July 
provides that the outcome of the current negotiating effort 
should fully encompass the remit of the Berlin Mandate.

Two key points emerge from these documents: (1) next steps
under the Convention must include all Parties, and (2) actions 
ultimately taken by developed and developing country Parties 
should be appropriately balanced, recognizing the common but 
differentiated responsibilities and respective capabilities 
noted in the Convention and upheld both in the Berlin Mandate 
and the Geneva Declaration.

To date, all Parties have been making progress toward 
implementing their commitments under the Convention, including 
those related to the submission of first national 
communications under Article 12. Through the U.S. Country 
Studies Program, we are aware that many developing countries 
are already far along in preparing national inventories of 
greenhouse gas emissions and in developing national action 
plans. A number of developing countries have also initiated 
projects under the Pilot Phase for Activities Implemented 
Jointly.

Beyond these current efforts to implement existing 
Convention commitments, a wide range of possibilities exist 
through which we can "continue to advance the implementation of 
existing commitments" as contemplated by the Berlin Mandate. 
Much work remains to be done to gauge the level of effort 
developed country Parties will undertake pursuant to the Berlin 
Mandate. Still, it is not too early to advance our thinking 
about the range of possibilities for continuing to advance the 
implementation of existing commitments, recognizing the need 
for all Parties to take action.

Wat-.ional Cnmmunicabions/Policias and Measures
While the Parties have adopted guidelines for the 

preparation of initial communications from developing 
countries, they have yet to consider options for reviewing 
those communications. Such a review process could include 
systematic efforts to assist developing country Parties in 
identifying and implementing no-regrets and cost-effective 
options for mitigating greenhouse gas emissions.

The review could seek to identify key sectors and 
technological options within them, it could also consider the 
possibilities for promoting voluntary agreements with industry 
aimed at identifying and encouraging the implementation of "no 
regrets" measures. Partnership agreements have proven highly
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effective in the United States at enlisting private sector 
support for mitigating greenhouse gas emissions, and in helping 
to capture efficient emissions reductions opportunities that 
are otherwise obstructed by market barriers.

In addition, we could explore various means through which 
Parties could obtain both the know-how and the technology 
needed to implement the options identified.

WflTt Steps

Beyond these kinds of efforts, we could consider agreeing 
in the context of the Berlin Mandate negotiations on a 
specified date in the future by which all Parties would be 
expected to have quantitative commitments with respect to their 
greenhouse gas emissions. Two variables might also he 
considered. First, the date need not be the same for all 
Parties — we could envision a schedule for phasing in 
quantitative commitments. Second, the nature of the 
quantitative commitments need not be the same for all Parties 
— we could also envision establishing different levels of 
commitment based on various factors, including levels of 
development.

While it would not be necessary to reach specific agreement 
now on all issues, it would be important to consider carefully 
the mandate for such discussions, including when they could 
begin, when they would conclude and what results should be 
anticipated.

Another option for consideration would be the development 
of guidelines for revising the Convention Annexes (that 
establish which Parties assume which commitments under the 
Convention), and for considering how better to reflect the 
common but differentiated responsibilities and capabilities of 
Parties. In our view, as countries develop to — and beyond — 
a certain point, they must graduate to assume responsibilities 
commensurate with their development. The present groupings do 
not reflect dynamic changes in the world that have occurred 
since 1992 and that will only accelerate in the future.

As noted, the range of possibilities is very wide. It 
represents a kind of continuum beginning with modest efforts, 
hut potentially extending to those which would bring us 
significantly closer to a truly global response and to the 
Convention's ultimate objective. It is as yet too soon to 
determine precisely where along this continuum we should strive 
to reach as part of the Berlin Mandate process. Inevitably, 
this will depend in large measure on the level of action that 
developed countries are prepared to undertake, and it is not 
yet cleat what that level will be. Still, in our view, it is
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not too early to think boldly about the possibilities and about 
how best to position ourselves for the future, recognizing that 
the steps we take in Kyoto will represent only a second 
milestone along a much longer path toward the Convention's 
ultimate objective.

VI. Compliance
The U.S. has called for a legally binding target 

both to promote a realistic negotiation and to promote 
compliance with the result. The question is what other 
elements should be included in the compliance regime, 
recognizing that, on the one hand, effective compliance is 
important for both environmental and economic competitiveness 
reasons and, on the other hand, that too stringent a compliance 
regime could result in vague commitments and/or scare off 
countries from joining the agreement.

There are several categories of elements that could promote 
compliance; they are discussed below.

structure nf commitments
In terms of the target, as a matter of drafting, it needs 

to be articulated as clearly and quantitatively as possible; as 
a matter of substance, it should be as objectively measurable 
as possible. In terras of commitments to advance implementation 
of Article 4.1, these should, ideally, also be as specific as 
possible. The desire of developing countries for flexibility 
could be met by providing flexibility in the choice of 
implementation options rather than by vague, heavily qualified 
commitments (such as those in the current Convention).

Ascertaining compliance
Ascertaining compliance will involve a combination of: 

requirements on parties to monitor and report on their 
emissions; and an international mechanism to verify such 
menitoring/reporting. The Convention's current obligations 
regarding national inventories, national communications, and an 
international in-depth review process are an excellent basis. 
The new agreement may require strengthened national and/or 
international mechanisms. (For example, parties bound by the 
target could be required to have in place a domestic emissions 
monitoring system, at a minimum for C02, at a minimum for 
specified sources.) There will also be a need to promote 
uniformity of measurement.
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SupportinQ intDlftmenfeahion.
Particularly in terms of developing country performance, 

the availability of sources of technical assistance (such as 
systematic support for efforts to develop national action 
plans) and expanded programs aimed at developing, diffusing and 
deploying climate-friendly technologies could be effective in 
promoting compliance.

Dispute settlement
The current Convention allows any party to challenge 

another party's compliance with its obligations before a 
neutral third party, with a recommendatory result. (Parties 
can opt for a binding result, but it is not required.) Whether 
this system would suffice for the new agreement, or whether it 
would need to be enhanced needs to be considered, taking into 
account, among other things, the extent to which the target is 
Clear and objectively measurable (which is not currently 
known). Ways to enhance the system include, for example, 
requiring the issuance of binding judgments or specifying 
particular consequences flowing from a binding judgment of 
non-compliance, such as monetary penalties or trade sanctions.

Additionally or alternatively, the dispute settlement 
system could he supplemented by a multilateral consultative 
process, akin to that being developed under the current 
Convention. Unlike dispute settlement, such a process is 
considered non-adversarial in that implementation issues can be 
raised without asserting an actual treaty violation; the 
parties, rather than third parties, consider issues; and it is 
multilateral rather than State-against-State.

tJnn-parties

Development of a compliance regime regarding a global issue 
also requires consideration of how to deal with non-parties 
(the so-called "free rider" problem), so that the environmental 
objective of the agreement is not undermined. Ways to seek to 
minimize the non-party problem include: the provision of
pbsitive incentives for countries to join the regime (for 
example, assistance, differentiated obligations, allowing 
opt-outs from certain obligations, side payments, other 
participatory privileges); through an entry into force clause 
that requires ratification by countries that account for a 
particular percentage of global emissions of greenhouse gases; 
and/or the use of trade measures against non-parties.
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October 17, 1996

Dr. Joseph Stiglitz 
Chainxian
Council of Economic Advisers 
Old Executive Office Building 
Wasliington, D.C.

Dear Joe:

Rumor has it tliat in addition to all your other responsibilities you will be a major architect of the 
administration’s analytic framework for climate change policy analysis (I first heard about this when I 
testified Ixfore tlie Senate Energy and Resources Committee on September 17tli in a hearing that 
started witli testimony by Under Secretary of State Tim Wirth). As you may know.
1 have spent a great deal of my time during the last si.x years on studies, reviews, and model 
comparisons on a broad range of climate change policy issues. If you need any input from me or am 
of our various working groups (wliich include most of tlie analysts working on tliese issues) at any 
time do not hesitate to call on me. In fact, I met with Larry Lau today on some projects we are doiiiv 
together, and told him what was going on in tlie administration and he said he would also be willin-, lo 
serve ^ an e.vtemal reviewer if that would be helpfiil to you. Unfortunately, I will not be in 
Washington again until November 12-15, but hope to see you at tlie discount rate workshop Paul 
Portney and I have put together at RFF on the 14th and 15th of November (I was at a brunch witli 
Kennetli Arrow on Saturday and he convinced me he has yet another round of new ideas on tliat 
subject).

it
i'

Sincerely yours.

Jolin P. Weyant
Department of Engineering-Economic S> stems and Operations Research
Stanford University
Stanford, CA 94305-1050
Phone: 415-723-3506
FAX: 415-723-4107
E-Mail: weyant@leland.stanford.edu
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Office af the Press Secretary 

(Parc Oouijiaa, Australia)
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BY TKb PRSSIDEHT
AT iNTBRNATiaNAI. CORAL REBJ INITIATIVE EVBNT

Port oouQlas Parx 
Port Douglas. Australia

1:4S ?.M, (t)

PWBSIDEMTJ Thanx you wary much, premier and 
Mrs. sorbidgo, Kayor Berwick, Minister Hill and Mrs. Hill, 
members of the crcat Barrier ncef Marine Park Authority, and to 
Minister Moore and Mrs. Moore. Bspaeially to Alicia Stovona for 
reminding us what this is all about today. (Applause.)

Hillary and I and our party have had a wondarful 
'o Australia, we undarstand now why it is called the lucXv 

country. But we believe that there ic more than luck involved 
here. Today we celebrate the comnitaent of a people of this 
country, of the United states and people all over the world to 
the proposition that wa must proserva the natural reflources that 
God has given us. we are here near the biggest, best nanaaed 
preteetad marina and coastal area in the world, for a clear 
reason: Australia has mads a national commitment to be good
stewards of the land with which Cod blessed you.

X an especially pleased today, as has alraady been 
aoid, that the government of Australia is honoring the united 
States by naming a coctlon of the Great Barrier Reef after Rachel 
Carson. Rachel carson was the great American anvironmentalisti; 
She was a marine biologist. Vice President Gore wrote about 
wachBl carson; »na orougnc us back zo a fundamental idea lost to 
an UAzing degree in modern civilization — the Interconnection 
Of human beings and tho natural environment. That 
Intereonnaotlon clearly Imposas upon all of us a shared 
reaponaibtllty. To preserve a future for our children end 
grandchildren, we must care for our shared environment, it is a 
practical and a moral Imperative.

, We ere citizens not only of individuals nations, but
of this amali and fragile planet, we know that pollution has 
eontempt for borders — chat what comes out of a smokestack in 
ono nation can wind up on tho shores of another an ocean away.
We know, too. that recovery and prasarvatlon also benefits people 
beyond tho bordars of the nation in which it 'occurs. We know

MORE
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Char protecting the environment can affect not i.and our quality of Ufa, it can even affaet tL 
many Place*, including those aJbouc wnicn ve raad^t:Qo**ottf” 
the troubled continent of Africa, abuses liX^ defJr- *^v“'

aws = ™=™
our unique overuse have put aany cfrlak. Their dioappeornnce would destroy thelifi that^noids in®® sw^aa. it would unravel the web of Jarina 

holds the potential for uew chemicals, new medlcinas unlocking new myctarioc. it would have a devas4aSlne eflac? oA
SSmSSl-lai firoB cairns to Key West. rio?ida —
con>Bunl,les whose livelihood depends upon the reefs.

the world we are majcing progresa. in this part of
Pl*yed * orucial role in slowing the use 

^"vest coral rae£ fish- Around the world, more 
icM ^"5 scores of organizations have participated In

Pfogramo. Today, with your knowledge and leedershia. we are
World's reefs make it into the next century sofe and secure. And t thonX you for that. (Applause.)

j_ _ ^ Let me say that out effort to save the world’s reefsis Q model for the work that we can do together in other environment areas, and there Is a lot of Jo do?
Ss south Korea every year. hat

With the United Nations, develop a strategy for the sustainable management of all our forests. UppiJusJ ^

t-Tio chemleolc and peatloldes banned here and in
still find their way into our lives, endangering our land, our water and our children Reehei

lltll ?! ® agreement to stop these
?AwlaSj5 T released into the world around ua.

>r«3?tloS‘SS
ro on our way to closing the^ — • r-w «erf erfrfd VMA way^ bO

Antarctica and Australia. now wo must see to 1C that chia landmark treaty la enforced from one corner

MORE
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of tiift earth to the other, 
otona. (Applause.) We need no ranre new holes la the

gas 7T««nhouaeburning forests affaot our iioalth and. onv 14 powor plants and 
literally wamlhg out
children here la this audience and their children/ 

infectious diSSaa2r'dSegSrJc2S;a.^jr
praeant trands eantin«3 *®« lavela — if
the next century parts of thi« that sonatime incould ai«.p;;^'cSta««l b5 J •>"” “■ '““y
Srom cbld roaarkuia pl&ca. i call uaan ►h*"* ^*5 *■* ****y today,

iu;n‘u^i =»»«»«?; ititr.:
oaraiM. A wJaStaSaa'SJj
no place to nurture our children^ ^ raiae plants; it isdlcbal varaln, « £^«S"tSl?-an3“?,";.'=S;yJri24SS”'‘'

mlleatofte ^i^i5 Joa3e?JJ 33St”nrr3*SJ?^® aeveSSSISt! 2Sa®?Sin? .

the earth sSSlt fS suetainabla development since

the sky wee heffianinclight. Bvaryona w3 far3S It blocked out all the
with their hands whatever thev could darknoca, oolleetingof that land dacidWd 33 If = *
raise the skv and they worked together they couldloi; st??k;^fc3y u5Lr3/!3 with
everyone atood ujrijhj? ^ dartaaSB passed and

pr«.rv. our ?hu5?:: S.??*
for gonarations beyond ter 3 3 “'u ^ children,that great chaiiehgS Sights and ourselves to

. Thank you vary much. (Applause.)

END 1:52 P.M. (U)
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SUMMARY
In public policymaking, decision makers routinely compare 
the perceived costs and perceived benefits of an action. Cost- 
benefit analysis (CBA) provides an analytical framework that 
seeks to compare the consequences of alternative policy ac­
tions on a quantitative rather than a qualitative basis. The ba­
sic principles are well understood and straightforward: For an 
action to be justified, the costs of the action should be less 
than the benefits derived therefrom.

Traditional cost-benefit analysis requires that all costs and 
all benefits be expressed in a common monetary unit to facili­
tate the comparison. Modern cost-benefit analysis also in­
cludes techniques such as cost-effectiveness analysis and 
multicriteria analysis to analyze trade-offs when some of the 
benefits and/or costs can be quantified but cannot be ex­
pressed in monetary units.

This chapter examines how and under what circumstances 
CBA can make a contribution to the resolution of the follow­
ing central questions now facing decision makers about global 
climate change.

By how much should emissions of greenhouse gases be 
reduced?

Provided costs and benefits can be estimated with adequate 
accuracy, this question is answerable by CBA: The measures 
whose marginal costs are less than the marginal benefits 
should be implemented. The marginal benefits are the mar­
ginal damage costs avoided. However, the difficulty of esti­
mating the marginal damage costs of climate change make the 
practical application of CBA difficult. Although such analyses 
could be performed from a national perspective, it is a funda­
mental premise of CBA that the global perspective is the 
proper one.

When should emissions be reduced?

This question is more complicated because it also involves 
Judgments about uncertainty. If the marginal damage cost 
(benefit) is known with certainty, and if future technological 
advances that might significantly change the marginal cost 
curve are known with certainty, then the timing of abatement 
is given by that portfolio of implementation options that max­
imizes the present value of avoided damage costs (benefits) 
less abatement costs. This is a relatively straightforward cal­

culation; however, neither damages nor costs are known with 
certainty. Consequently, extensions of CBA - such as decision 
analysis - are required.

How should emissions be reduced?

This is closely related to the question of how much emissions 
should be reduced and is directly addressed by CBA. At­
tempts to determine the extent of reductions must usually con­
sider the specific methods that might be used to reduce 
emissions. A bottom-up, empirical estimation of the marginal 
cost curve involves analysis of the broad spectrum of possible 
abatement options from which marginal cost curves can be 
derived. Top-down models also require explicit consideration 
of specific policy or technology options. Clear economic 
analysis and identification of the most cost-effective abate­
ment options through the use of CBA are critical for practical 
policymaking.

Who should reduce emissions?

None of the family of techniques considered in this chapter 
can by itself resolve the question of who should reduce emis­
sions - which involves considerations of equity. However, 
these techniques do provide a framework for understanding 
the trade-offs to be made between equity and economic effi­
ciency.

The value of CBA

Practical application of cost-benefit analysis to climate 
change is difficult because of the global and intergenerational 
nature of the problem. It is further complicated by the difficul­
ties of valuing some categories of ecological, cultural, and hu­
man health impacts. Nevertheless, CBA remains a valuable 
framework for identifying the essential questions that policy­
makers must face when dealing with climate change. The 
CBA approach forces decision makers to compare the conse­
quences of alternative actions, including that of no action, on 
a quantitative basis. Indeed, the most important benefit of ap­
plying CBA may be the process itself {which forces a rigorous 
approach to decision making) rather than the predicted out­
come (which always depends on the particular assumptions 
and techniques used).
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5.1 Introduction

In public policymaking, decision makers routinely compare 
the perceived costs and perceived benefits of an action. Nev­
ertheless, their decisions are frequently made on intuitive and 
qualitative grounds. Cost-benefit analysis (CBA) provides an 
analytical framework that seeks to compare the consequences 
of alternative policy actions on a quantitative rather than a 
qualitative basis. The basic principles are well understood and 
straightforward: For an action to be justified, the costs of the 
action should be less than the benefits derived therefrom.' If 
there are several alternatives, then one ought to pick that op­
tion whose benefits most exceed the costs.^ Traditional cost- 
benefit analysis requires that all costs and all benefits be 
expressed in a common monetary unit to facilitate the com­
parison. Modem cost-benefit analysis also includes tech­
niques such as cost-effectiveness analysis and multicriteria 
analysis to analyze trade-offs when some of the benefits 
and/or costs can be quantified but cannot be expressed in 
monetary units.

The objective of this chapter is to examine how and under 
what circumstances CBA can make a contribution to the reso­
lution of the central questions now facing decision makers 
about global climate change:

(1) By how much should emissions of greenhouse gases be 
reduced?

(2) When should emissions be reduced?
(3) How should emissions be reduced?
(4) Who should reduce emissions?

CBA can at least theoretically and conceptually answer the 
first three questions. The fourth question is one of equity and 
is not amenable to resolution by CBA, even in simple, tradi­
tional applications not complicated by the complexities of the 
climate change problem.^

Section 5.2 defines more carefully what is meant by CBA. 
The term has come to encompass a wide variety of specific 
techniques. We also review the basic concepts. In Section 5.3 
we examine the unique features of global warming and cli­
mate change as they pertain to decision making. Section 5.4 
presents a discussion of the application of CBA to the climate 
change problem in light of these unique features. In Section 
5.5 we discuss the key issues: risk, uncertainty, irreversibility, 
valuation, discounting, equity, and multiple criteria.

5.2 Cost-Benefit Analysis

Cost-benefit analysis is a generic term that presently sub­
sumes a wide body of specific techniques. The method was 
developed initially as a means to evaluate projects that were 
limited in scale, geographic extent, and time span. Such tradi­
tional project level CBA (see Box 5.1) is too narrow to be rel­
evant for evaluating climate change issues. However, the 
original technique has been extended to cover applications of 
increasing complexity. Modern CBA, more widely defined, 
includes a family of approaches that are more useful in assess­
ing climate change options. Indeed, one of these approaches.

cost-effectiveness analysis, has been widely used in climate 
change studies.

However, to evaluate cost-effectiveness, it is crucial to 
clarify how the policy target is defined, because there are sev­
eral options in the global climate change context. Most recent 
analyses of mitigation costs have focussed on a target based 
on future emission levels,^ such as stabilization of the emis­
sion of certain greenhouse gases by a given year. However, it 
might be more relevant to express the targets in terms of con­
centrations of atmospheric greenhouse gases at some future 
time.

To change the target for climate policy from emissions to 
atmospheric concentrations indicates a radically different 
cost-effectiveness strategy. A stabilization of CO^ emissions 
at present levels is not sufficient to stabilize the atmospheric 
concentrations. Richels and Edmonds (1995) have compared 
the costs of reaching a particular concentration by 2100 for a 
variety of strategies. They show that a given concentration 
in 2100 could be achieved at a considerably lower cost 
if emissions were not stabilized immediately. The reason is 
that a more gradual reduction of emissions would avoid the 
economic shock that would follow a sudden stabilization, en­
able future advanced technologies to be utilized to a larger ex­
tent, and facilitate the postponement of sizable abatement 
costs.

Another possible target, also affecting the cost-effective­
ness of alternative measures, refers to the physical conse­
quences of climate change. Apart from the fact that pre­
dictions of these consequences are far more difficult to 
make than forecasts of emissions and atmospheric concentra­
tions of greenhouse gases, the effects of regional differences 
would have to be included if targets were based on the conse­
quences. For instance, whether climate change contributes to 
sea level rise or to an increase in the frequency of rain storms 
will be of quite different importance to people in Nepal and 
the Netherlands. In this context, an additional problem arises 
as to how to assess benefits from abatement of different con­
sequences for different countries.

A further refinement of modem CBA is multicriteria analy­
sis (MCA), a body of techniques developed to deal with the 
difficulties of economically valuing certain types of impacts 
(see box). Indeed, even if one attempted to place economic 
value on certain impacts - such as human life - not everyone 
would agree that it is appropriate to do so.5 Moreover, cost- 
benefit analysis presupposes that the relevant costs and bene­
fits are those that ultimately affect human welfare.^

Such views further support the need for MCA-based ap­
proaches to decision making. Similarly, there are concerns 
that monetized values themselves may be inaccurately esti­
mated, and, in any case, such values might not reflect welfare. 
However, the question of who is affected, and how they will 
perceive the impact, is an issue that needs careful definition 
within an MCA analysis.

As noted earlier, conventional CBA cannot provide an­
swers about the optimum level of equity in the same way that 
it provides answers about the optimum level of economic effi­
ciency. But MCA can identify the trade-offs between equity
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BOX 5.1: TECHNIQUES OF MODERN COST-BENEFIT ANALYSIS (CBA)

Traditional project level CBA

CBA evolved as a technique to evaluate and compare project alternatives. In the early years of its application, there was lit­
tle concern with externalities, and the analysis took into account Just the direct costs of projects and the direct benefits. As it 
was originally developed for use in industrial market economies, market prices provided appropriate guidance on how to 
evaluate benefits. When the World Bank began to apply the technique to nonmarket economies, where prices were subject to 
significant distortions, shadow pricing techniques provided simple corrections. For example, if an oil-importing country 
kept the domestic price of oil at artificially low levels, CBA would require the use of the border price, not the domestic 
price, as a basis for valuing oil.

One of the central concepts in CBA is that of discounting, which addresses the fact that costs and benefits may not occur 
at the same point in time. For example, whereas costly actions to avoid future climate change may need to be taken in the 
near future, most of the benefits of such actions will occur in the distant future. Discounting enables one to take into account 
the time value of money. In the case of evaluating simple investment alternatives over shorter time horizons (e.g., 15 years), 
the use of the opportunity cost of capital as the discount rate to be applied to both costs and benefits is well established and 
uncontroversial. However, in the case of complex public policy applications, particularly those whose time horizons are 
very great and involve environmental impacts or the depletion of natural resources - essential characteristics of the global 
climate change issue - there is sharp disagreement as to what discount rate is appropriate. This issue is dealt with in Section 
5.5.2.I.

Cost-effectiveness analysis
As CBA began to be applied to much broader contexts, and particularly to the comparison of alternative portfolios of proj­
ects and to broad policy choices, the increasing complexity made it desirable to keep the level of benefits constant and to an­
alyze the problem simply in terms of finding the most effective, or “least-cost” option to meet the desired level of benefits. 
This has the additional advantage that benefits in some cases need not be explicitly valued. For example, in power sector 
planning, models are applied to identify the capacity expansion plan whose present value of system costs is minimized, 
given some exogenously specified time path of electricity demand and some exogenously specified level of reliability. As 
we shall see below, this is the variant of CBA that has seen the most widespread application to the climate change problem, 
in which one seeks to identify the least-cost option to achieve given levels of greenhouse gas emission reductions, without 
any explicit attempt to specify what the benefits of that level of emission reduction may be.

Multicriteria analysis
The most basic requirement for the application of CBA is that both costs and benefits can be given economic value. This is 
typically a two-step process: first the costs and benefits must be quantified in terms of the physical measures that apply, and 
then those physical impacts must be valued in economic terms. Some applications of valuation techniques are likely to be 
controversial. Putting a value on human health and illness has been a major problem in the practical application of cost- 
benefit analysis in the past, even in those situations where one can agree on the levels of increased morbidity and mortality 
that might be caused by some policy or project. Efforts to place economic value on the loss of biodiversity have been 
equally difficult. Recognizing this problem has led to the development of so-called multicriteria analysis (MCA) tech­
niques. These*are expressly designed to deal with multiple objectives, of which economic efficiency may be only one. MCA 
is a particularly powerful tool for quantifying and displaying the trade-offs that must be made between conflicting objec­
tives.

Decision analysis
MCA addresses certain shortcomings of conventional CBA (like valuation problems), but it does not necessarily deal more 
effectively with uncertainty. This complication has led to the development of a further extension of CBA known as decision 
analysis. Here the focus is expressly on how one makes decisions under conditions of uncertainty. These techniques find ap­
plication in a wide variety of situations, from decision making in the high-risk field of wildcat oil drilling to analysis of fi­
nancial options. As we shall see below, such techniques provide a rational approach for dealing with irreversibility, one of 
the more important characteristics of the climate change problem.
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Figure 5.1: Multicriteria analysis.

objectives and economic efficiency, as suggested by Figure 
5.1. Thus, the best equity result (indicated by option 1, say an 
equal per capita sharing of the burden of greenhouse gas 
emission reduction) may have the highest cost, whereas the 
worst equity result (indicated by option 5, say based on the 
present distribution of emissions) may have the lowest eco­
nomic cost.'' Nevertheless, even MCA requires a quantifi­
cation or at least an ordinal ranking of the noneconomic 
efficiency criteria, as suggested in the figure. However, even 
such a noncardinal ranking may prove problematic when a 
global issue like climate change requires comparisons across 
countries and cultures.*

More generally, it is increasingly accepted that the pursuit of 
sustainable development will require recognition of goals re­
lated to economic efficiency, social equity, and environmental 
protection (Munasinghe, 1993). Economic valuation of the im­
pacts of climate change on certain social and environmental as­
pects (e.g., biodiversity or cultural assets) will be difficult, and 
MCA-related approaches will be needed to make the trade-offs 
among otherwise noncompensable costs and benefits.

5.2.1 Basic concepts

An economically efficient policy for emissions reduction is 
one that maximizes the net benefits (i.e., the benefits of re­
duced climate change less the associated costs of emissions 
reductions).’ Economic theory indicates that emission reduc­
tion efforts should be pursued up to the level where the envi­
ronmental benefits of an additional unit of reduced warming 
(the marginal benefit) is equal to the cost of an additional unit 
of emission reduction (the marginal cost). Figure 5.2 illus­
trates the concepts of total and marginal costs in simplified 
form - the marginal cost at any level of emission reduction is 
equal to the slope of the total cost curve at the same level.

The shape of the total cost and benefit curves reflects the 
idea of diminishing returns. Each additional unit of emission 
reduction will have a higher unit cost: The first 10% reduction 
can be done cheaply, but the next 10% will cost considerably 
more, and so on.'“ Thus, the abatement cost curve is upward 
sloping as shown in Figure 5.2. Similarly, the marginal benefit 
(avoided greenhouse gas damages) falls as emission levels are 
reduced. The consequence of the foregoing is that the total 
cost (TC) has a minimum at the point where the positive slope

Total Co-st = C + D

Abatement Cost. C

Damage Cost, D

GHG Emission Reduction
Optimal Reduction Level

c
u

aa
■g
a

oU

Marginal Abaiement Cost 
of Emission Reduciion, MAC 
= Marginal Cost

Marginal Avoided
Damage Cost, MDC ^***s^^

' = Marginal Benefit, MB

GHG Emission Reduction

Figure 5.2: Total and marginal costs and emission reductions.

of the abatement cost curve equals the negative slope of the 
damage cost curve."

The foregoing analysis ignores many complications. For 
example, the emission of a unit of CO, may give rise to a 
varying stream of environmental costs that must be dis­
counted to yield a present value aggregate. The environmental 
damage function may be discontinuous and nonconvex. Be­
cause of technological progress, abatement costs may change 
over time, depending on when the technologies are applied. 
Similarly, abatement costs may exhibit economies of scale 
(e.g., mass production of solar photovoltaic cells), resulting in 
a marginal cost curve that actually declines beyond a certain 
point. Finally, the abatement costs are net costs, to the extent 
that certain technologies (e.g., renewables) may produce other 
(nonclimate-related) benefits and costs - the so-called joint 
products complication (discussed below).

5.3 Unique Features of Climate Change

Several important characteristics define the context in which 
traditional CBA is applied. The first is that costs and benefits 
arise within a time span typically no more than 15 to 25 years, 
corresponding roughly to the physical life of most projects 
over which benefits are derived. The second is that the ele­
ments of uncertainty are relatively tractable and can often be 
characterized by probability distributions.

These characteristics are very different in the context of 
climate change. The relevant time spans extend to a century or 
more. The uncertainties are extremely large, and few elements 
of uncertainty are amenable to characterization as probability 
distributions. Moreover, the cascaded uncertainty implied in
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each link of the chain of causality greatly amplifies the total 
uncertainty in the final outcome, namely, the extent of dam­
age caused by climate change.

5.3.1 The complex chain of causality

Figure 5.3 shows the chain of causality. It begins with emis­
sions of greenhouse gases. Although the most important of 
these is CO^, it should be noted that there are many other 
gases that contribute to the climate change phenomenon, in­
cluding methane and CFCs. Estimates of COj emissions from 
fossil fuel combustion are fairly straightforward, but emis­
sions from other sources are subject to much higher uncer­
tainty. Moreover, the separation of anthropogenic and natural 
causes of climate change is much more difficult than in the 
case of other important regional/global pollution issues (such 
as CFCs or nuclear wastes). Indeed, the calculus of CBA may 
be significantly affected by natural events such as major vol­
canic eruptions.

The first link in the chain of causality (1 in the diagram) is 
between emissions and the resultant ambient concentration 
of COj in the atmosphere. Unlike other pollutants, which are 
subject to complex chemical transformations in the atmos- 
phere,'2 the calculation of the ambient concentration increase

153

that follows from a given increment of emissions of CO^ is 
relatively simple. However, because of the role of natural 
sources and sinks (particularly the ocean), even this calcula­
tion is subject to a considerable degree of complexity and un­
certainty.

The next link (2), between atmospheric concentration and 
temperature, is subject to much greater scientific uncertainty. 
The greenhouse effect itself - the trapping of outgoing in­
frared radiation - is subject to additional factors that are 
highly complex, particularly feedback effects, such as those 
from clouds, that complicate the calculation of equilibrium 
temperatures.

The subsequent link (3), between temperature increase and 
physical effects such as sea level rise, involves many different 
components, all of which are somewhat difficult to calculate. 
For example, calculating the rise in sea level associated with 
increases in mean sea temperature proves to be far from sim­
ple in some cases (as noted in Volume 1 in the case of the West 
Antarctic ice sheet). There are also large time lags associated 
with sea level rise, which are likely to continue for several 
centuries after the concentration of greenhouse gases has been 
stabilized. Even more complicated are estimates of how pre­
cipitation patterns might change, especially the spatial and 
temporal distribution of rainfall. Perhaps of even greater con­
cern in developing countries will be the changes in the pat­
terns of extreme weather events, to which they are partic­
ularly vulnerable.

If these physical effects (climatic and sea level changes) 
are understood in general terms, quantifying their impacts on 
flora, fauna, and human beings (link 4) is much more difficult. 
To illustrate, suppose it were possible to predict the change in 
precipitation and temperature regime for some given region.

Elmissions
.v.H, •......... .. j,®

.. of GHGin abm^ereJ: ■ j®
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Figure 5.3: The chain of causality.

What can be said about the shifts in vegetation patterns? Al­
though general poleward shifts of vegetation and agricultural 
production zones can be predicted, quantifying the effect is 
quite difficult. What is the impact on biodiversity? On wet­
lands? On the water table? On human communities? Clearly 
these are very difficult assessments to make.

Finally, to estimate the damage costs, one must be able to 
value these effects (link 5). Some valuation tasks will be rela­
tively straightforward: For example, the cost of engineering 
structures to protect against sea level rise is relatively easy to 
establish, given the existing experience in this field (in such 
countries as the Netherlands). Other calculations will be more 
complex, but at least tractable, as, for example, the calculation 
of increased cooling and decreased heating costs or the impact 
on electricity demand of increased irrigation pumping re­
quirements associated with drier climates in some regions. 
But a very large number of potentially important impacts will 
be very difficult to value - such as the impacts on forests, wet­
lands, and biodiversity, especially if the physical, biological, 
and social effects have not been accurately quantified.

5.3.2 Other special features

Beyond the complexity of the causal chain and the high de­
gree of uncertainty surrounding the issue, what makes the 
analysis of climate change so different from other environ­
mental analysis problems? The main reasons can be summa­
rized as follows.

Greenhouse gases are stock, not flow, pollutants. Many 
pollutants (e.g., sulphate aerosols) have relatively short at­
mospheric lifetimes. As a result, the damages they cause are 
closely related to the current rate of emissions, and reducing 
emissions at major sources will likely have a relatively rapid 
impact on atmospheric concentrations and their associated ef­
fects. Greenhouse gases, however, have relatively long atmo­
spheric lifetimes, and concentrations therefore respond slowly 
to changes in emissions. Consequently, the damages they
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cause are a result of the current atmospheric concentrations 
that have built up due to all past emissions - in other words, 
they are related to the stock of the pollutant, not to the current 
rate of emissions.''* Similarly, a change in emissions of a 
greenhouse gas at any time will affect the atmospheric con­
centrations of this gas, and thus the climate, in all future peri­
ods. Therefore, in the context of the climate problem, global 
climate change is a lagged function of the emissions of the 
various greenhouse gases. At any time, atmospheric concen­
trations (or stocks) of these gases depend on the whole history 
of their emissions up to that time.

To calculate the marginal environmental cost of increased 
current emissions of a greenhouse gas, one must first calculate 
the physical impact of such an emission increase on the future 
atmospheric concentration of the gas. This will depend on the 
physical characteristics of the gas, which affect how rapidly an 
increased atmospheric concentration depreciates. There are 
large differences between different greenhouse gases, with 
atmospheric lifetimes varying from roughly fifteen years for 
methane'5 to more than 100 years for N^O and some CFCs.

Once the impact of current emissions of a greenhouse gas 
on future atmospheric concentrations has been calculated, one 
can in principle calculate the effect of the increase in current 
emissions on future climate development. If one has specified 
a function which measures the monetary cost of climate 
change, one may calculate the incremental costs and thus ob­
tain a present value measure of the marginal cost of increased 
current emissions of a greenhouse gas.

It is clear from the description above that the marginal 
monetary cost of greenhouse gas emissions is a complex con­
cept. Several assumptions of an economic nature must be 
made, such as the appropriate discount rate and the monetary 
costs of climate change for the whole future. In particular, the 
relative importance of different greenhouse gases is much 
more complex than is implied by a simple physical conver­
sion index such as the global warming potential (GWP) dis­
cussed in Volume 1 of this report. In the context of the climate 
problem, a reasonable definition of the importance of a green­
house gas relative to, say, CO^, is the marginal environmental 
cost of current emissions of this gas relative to the corre­
sponding marginal cost of COj. It follows from the discussion 
above that the relative importance of greenhouse gases de­
pends on a number of economic assumptions that must be 
made.'^

Inertia and irreversibility. Since emissions of greenhouse 
gases in any one year represent a relatively small fraction of 
the total global stock, the system has great inertia. This means 
that even if all emissions went to zero, it would be decades, if 
not centuries, before the stock of greenhouse gases was re­
duced significantly. Therefore, decisions about emission lev­
els are effectively irreversible, at least over the 100-200-year 
timespan of interest. In other words, failure to reduce emis­
sions in the short to medium term may be irreversible in the 
sense that once the effects of climate change become appar­
ent, it will then be too late to do anything about it.

Global characteristics. Most environmental pollution 
problems are local or regional in scale.''' Thus, the benefits of 
emission reductions generally accrue to the same geographic-

areas as bear the costs. The damages associated with green­
house gases, however, depend on the global greenhouse gas 
concentration, which is largely independent of the regional 
meteorological patterns that usually define the geographic 
scope of other transnational environmental problems such as 
acid rain. Therefore, the distribution of the benefits of emis­
sion reduction is global, not local. Per contra, even a country 
that emits no greenhouse gases can incur the damages of 
emissions by other countries.

Geographical distribution of impacts. Poorer nations are 
likely to be the most vulnerable to the impacts of climate 
change, since they lack the resources to protect themselves 
against sea level rise, extreme weather events, or desertifi­
cation. In contrast, the impacts of acid rain from emissions 
in some poorer countries or regions may be concentrated in 
richer countries'^ (e.g., the effects of emissions from Eastern 
Europe on western Germany'^). These richer areas therefore 
have powerful incentives to promote emission reduction pro­
grammes in the source areas, including the provision of finan­
cial assistance.20 However, in the case of greenhouse gas 
emission reductions, countries such as the U.S. (where there 
is the perception that the direct impacts of climate change on 
the U.S. itself are relatively small) may have fewer obvious 
economic incentives to reduce emissions.2' Considerations of 
humanitarian solidarity and equity alone are unlikely to be 
sufficient motivators.

Absence of actual impact data. In the case of climate 
change, unlike almost all other environmental externalities, 
actual impact data are scarce, and estimates of physical im­
pacts are based entirely on the predictions, judgments, and 
models of scientists.22 Only once (or if) climate change does 
in fact occur, will the impacts be known. The evidence of 
cause and effect will be difficult to substantiate, because of 
the likelihood that, at least initially, changes will be incremen­
tal. It should be noted, however, that there does exist a signifi­
cant body of verifiable scientific theory that underlies the 
estimates and models of scientists.

Nonlinearity. Global climate change is determined by com­
plicated interactions involving a chain of nonlinear linkages 
(i.e., greenhouse gas emissions, atmospheric concentration, 
temperature change, climate system feedbacks, and physical 
impacts). Therefore, climate change phenomena and risks are 
likely to be much‘’more nonlinear than the relationship be­
tween conventional emissions and more local pollution.

Very long time frame. The very long time frames involved 
in climate change cause some normally external variables to 
become internal factors of change. For example, the economic 
impact of sea level rise depends on the size of the population 
living in low-lying coastal areas, which may decrease once a 
sea level rise becomes evident. The costs of such adaptation 
mechanisms may be especially difficult to estimate.

5.4 Cost-Benefit Analysis in the Context of 
Climate Change

In light of these unique characteristics of the climate change 
problem, what can we say about the suitability of CBA? How 
and under what circumstances can CBA make a contribution
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to the central questions now facing decision makers, in partic­
ular;

• By how much should emissions be reduced?
• When should emissions be reduced?
• How should emissions be reduced?

The fundamental problem in applying CBA to the climate 
change problem follows directly from the chain of causality 
discussed in Figure 5.3 above: whereas estimating the costs of 
emission reduction involves the beginning of the chain, esti­
mating the benefits (the avoided damages) involves the very 
end of the chain. Since there is some level of uncertainty asso­
ciated with each of the links, estimates at the last stage of the 
chain are subject to compound uncertainties that may be very 
large indeed.

5.4.1 Estimates of the marginal cost curve

Marginal abatement cost (MAC) curves for greenhouse gas 
emission reductions have been derived for many industrial­
ized countries, but for only a few developing countries.^3 Fig­
ure 5.4 shows such a curve for Thailand. This curve is derived 
by a rank ordering of the individual measures by cost per 
tonne of CO^ saved (the height of each block), with the width 
of each block representing the tonnes of CO^ so saved. The 
shape of the MAC curve, when smoothed, is indeed of the 
type indicated in Figure 5.2, a result confirmed by many other 
examples.^** Generally, these studies rely on known or near- 
term technical options and ignore effects due to joint products 
(see Section 5.4.4), economies of scale, and capacity building 
that might reduce the upward slope of the cost curve. Such 
marginal cost curves depend on discount rate and price as­
sumptions and may evolve over time as options are taken up 
and new technologies develop. A more detailed discussion of 
estimates of the MAC curves is contained in Chapters 8 and 9.

What is interesting in these (and other studies^^) is the 
significance of “below the line” options (i.e., where MAC is 
negative but still upward sloping). These are measures that ap­
pear to have negative costs associated with them - in other 
words, when these options are implemented, both costs and 
emissions go down, relative to the reference case.^* Compact 
fluorescent ligfiting, other energy-efficient devices, and 
demand-side management measures typically fall into this 
category, and in developing countries, measures such as re­
ducing electricity transmission and distribution losses or insti­
tuting vehicle maintenance programmes also appear here. 
These, then, are measures that should be implemented in any 
least-cost energy development strategy, even in the absence of 
any desire to reduce greenhouse gas emissions. The fact that 
they are not implemented reflects either market failures, the 
influence of powerful vested interests, or other factors, such 
as high transaction costs (which might exceed the potential 
benefits).2’ Indeed, in developing countries, there may be 
more such “below the line” options because education and in­
formation about the availability and benefits of options in this 
segment of the MAC curve are less available than in devel­
oped countries.
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Figure 5.4: The marginal abatement curve for Thailand.

This issue highlights a practical problem for the Global En­
vironment Facility (GEF). The GEF has been set up as the 
funding mechanism, on an interim basis, to provide financial 
resources needed by developing countries to meet the “full in­
cremental costs incurred” in complying with their obligations 
under the Framework Convention on Climate Change.If the 
GEF is to fund the “incremental costs” of greenhouse gas re­
duction measures, this presupposes that a baseline can be un­
ambiguously defined, against which such incremental costs 
are to be measured.^® But under such a definition, should 
demand-side management (DSM) programmes that have neg­
ative incremental costs - such as energy-efficient lighting - 
be funded by the GEF?3o

5.4.2 The marginal benefits curve

It follows from the discussion of the previous section that the 
level of uncertainty in benefits is much greater than the level 
of uncertainty in costs. The practical implication of this, de­
picted in Figure 5.5, is that the optimum point of emission re­
duction is also subject to significant uncertainty. Whether the 
marginal benefits curve is MB,, or MB^, or MBj has a much 
greater impact on the location of the optimum point of emis­
sion reduction (indicated by points A, B, and C) than the 
much smaller uncertainties in the marginal cost curve. There­
fore, with such wide uncertainty about the economic opti­
mum, CBA may not be very helpful. In this situation, an 
arbitrary level of emission reduction at P has a very high prob­
ability of at least meeting the criterion that MB (marginal ben­
efit) > MC (marginal cost). By contrast, C may represent a 
risk-averse, “precautionary” level of abatement, in which the 
expected value of MC may be greater than the expected value 
of MB (see Section 5.5 and Figure 5.10 for further details).

In fact, there exist few if any estimates of the benefits 
curve, and most of the estimates that do exist are not much 
more than single point estimates for some presumed level of 
greenhouse gases in the atmosphere. A complete discussion of 
benefit estimates is provided in Chapter 6.
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Figure 5.5: Uncertainty in the benefits curve.

A number of estimates (see, for example, Nordhaus, 
1994b) suggest that the economic impact of climate change 
on the industrialized countries is quite small. However, Nord­
haus, as well as others, is quick to concede that such results 
may not apply to developing countries, where typically much 
larger shares of national income are in agriculture, and much 
of it in subsistence farming in marginal areas where even 
small changes in climate may have devastating effects and 
where the ability of the farming population to adapt may be 
very small indeed.^' The types of human settlements most 
vulnerable to climate change are concentrated in developing 
countries, including low-income communities, residents of 
coastal lowlands and tropical islands (such as coastal 
Bangladesh or the Maldives), populations in areas already 
significantly affected by desertification, and the urban poor in 
squatter settlements.^^

Unfortunately, to date, most of the discussions of impacts 
of climate change on the developing countries have been 
qualitative in nature,^^ and there is an urgent need for more 
quantitative estimates. According to a recent GEF survey of 
country studies (Fuglestvedt et ai, 1994),3‘» there are now al­
most as many studies underway on effects as on mitigation, 
but it is difficult to ascertain how many of these studies will 
result in the sort of quantitative information necessary to con­
struct an impact cost curve. Certainly none of the studies and 
papers published to date for developing countries contains 
quantitative estimates of the type derived by Nordhaus for the 
U.S.35

5.4.3 Measuring costs and benefits

Most of the work on the benefit (avoided cost) side, and much 
of the work on the cost side, assumes that the relevant mea­
sure by which to evaluate options is loss of GDP. This raises a 
separate set of questions about the extent to which GDP (or

loss of GDP growth) is the appropriate measure.It is well 
established (Weitzman, 1976; Brekke, 1994) that GDP is not a 
welfare measure per se, but rather a convenient way to aggre­
gate goods and services that clearly contribute to welfare. 
Nevertheless, Figure 5.6 summarizes some of the estimates 
that have been made for GDP impacts. Chapter 9 discusses 
such estimates in more detail.

Since GDP is an imperfect measure of social welfare, it 
should not be surprising that the cost-effectiveness of policy 
options can differ significantly when analyzed in terms of 
their impact on GDP and on social welfare. Recent studies 
have found this to be the case for industrialized countries such 
as Norway (Alfsen et ai, 1992) as well as for developing 
countries such as Sri Lanka (Meier etai, 1993; see Table 5.1). 
The “consumer impact” is an estimate of the impact or social 
welfare not reflected in traditional GDP measures. At 10-50% 
of the total, the consumer impact is clearly a significant frac­
tion of social welfare.

Of course, the magnitude of such impacts as those shown 
in Table 5.1 is a function of how much of the technology is 
adopted, how soon, and what discount rate is used. The effect 
of a single 25 MW wind plant will obviously be much less 
than if a 300 MW wind farm displaces a plant using imported 
coal in the near term. Generally, what these results do under­
score is the need for great caution when interpreting the so- 
called costs of greenhouse gas emission reductions attribut­
able to specific technologies.

Equally important are the concerns over the extent to 
which conventional measurements of GDP growth take into 
account the depletion of natural resources (“green account­
ing”). For many developing countries this is a particularly 
important issue, and there is a growing literature suggesting 
that conventional accounting substantially overstates GDP 
growth. The corollary is that estimates of GDP impacts of cli­
mate change that fail to take account of changes in the rate at 
which natural resources are depleted, or changes in environ­
mental impacts, may be understating the true effect of these 
impacts.”

Some of these problems are evident from the numerical es­
timates. In Figure 5.6 we display the results of recent studies of 
the impact of emission reduction strategies on loss of GDP.^s 
As is evident, these estimates show considerable variation. 
Even so, none of these estimates reflects “green accounting” or 
any margin for no-regrets options, and only one (Glomsrod et 
ai, 1990) takes into account joint products. Most of these stud­
ies are national studies. Many researchers argue that unilateral 
actions by the U.S. or by OECD countries are likely to be less 
effective than global action, and that unilateral actions are 
likely to exaggerate the impact on GDP.” However, these stud­
ies also neglect the benefits of the development of advanced 
technologies in the market economies, which could then be 
more quickly adapted in the developing world.

Traditional CBA basically relies on a partial equilibrium 
analysis, in which only the relevant portion or subsystem of 
the more complete economic system is studied in depth, and 
many parameters (and prices) outside this system are taken as 
exogenously fixed. For questions relating to climate change 
(whose consequences may have major effects on prices).

L
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Figure 5.6: Impact of GHG emission reduction on GDP.

Table 5.1. Welfare losses due to different greenhouse gas 
abatement options in Sri Lanka (in $/tonne of avoided 
carbon)

No coal Wind CFL^

Supply cost impact 16 67 -472'’
Consumer impact 10 66 -66
Total 26 131 -538

aCompact fluorescent lighting. 
‘’Negative numbers indicate a benefit. 
Source: Meier et al. (1993)

the more far-reaching and inclusive general equilibrium ap­
proach - in which the properties and relationships of the en­
tire economic system are analyzed - is appropriate. For this 
reason, computable general equilibrium models are widely 
used in climate change studies.

5.4.4 The joint products problem

A related question concerns the joint benefits and costs of 
emission reduction. Options that reduce greenhouse gas emis­
sions may also provide significant changes in other pollutants 
whose impacts are of a quite different scale. For example, the 
substitution of renewable energy technologies for coal will re­
duce not Just CO, emissions - a global benefit - but also SO^ 
and particulate emissions, thus bringing a reduction in local

environmental damages. On the other hand, the increased use 
of renewable energy technologies (such as hydroelectric gen­
eration), which also reduce CO^ emissions, may also impose 
new and different local environmental costs (such as loss of 
biodiversity associated with reservoir inundation).

Estimates of the importance of joint benefits and costs vary 
widely (in part, because valuing the costs and benefits of other 
environmental impacts may be subject to similar difficulties of 
valuation and scientific uncertainty as greenhouse gas emis­
sions).-" A recent study (Alfsen et ai, 1992) found that the 
joint products of carbon reduction (reduction in environmental 
damages to forests and lakes, health damages, reduced traffic 
congestion, road damage, etc.), offset about 30-50% of the ini­
tial abatement costs in the case of Norway.-*^ A British study 
(Barker, 1993) found that the secondary benefits exceeded the 
cost of the greenhouse gas abatement measures.

Adding the benefits of reductions in conjoint pollutants to 
the MB measure is one possibility. The other is to subtract 
these benefits from the MC measure. Since most of such ben­
efits go to the country that bears the costs of abating the CO, 
emissions, while the benefits of lower CO^ emissions go to all 
countries, it follows that the preferred approach is to adjust 
the marginal cost curves.

5.4.5 The aggregation problem
We now turn to the matter of implementing policy. Consider 
first Figure 5.7, which depicts the situation faced by a hypo-
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Figure 5.7: The marginal cost and benefits curve for an industrial 
country.

Figure 5.8: The marginal cost and benefits curve for a developing 
country.

thetical country. Its marginal cost curve is upward sloping, in 
the manner discussed above. It begins with negative values 
(the “no-regrets” or “win-win” options), again in the manner 
indicated earlier.

Suppose Figure 5.7 depicts the situation for an industrial­
ized country, say the U.S. Suppose that indeed Nordhaus is 
correct in his estimates that the benefits to the U.S. are rather 
small. If MB, were true, then the optimal policy would be to 
implement only the win-win policies - demand-side man­
agement, more efficient end-use devices, economically effi­
cient pricing, and the like. If MB, were true from the U.S. 
perspective, then perhaps only small emission reductions are 
warranted. We assume, of course, an appropriate adjustment 
for the evaluation of the benefits of the reduction of joint 
costs.

However, the benefits of emission reductions are likely to 
be much higher to the rest of the world, and hence the curve 
MB^ lies as shown, far above the MB| and MB, curves. 
Therefore, when the global benefits of emission cost reduc­
tions are taken into account, the optimum level of emission re­
duction shifts to the right, as shown. How one persuades 
decision makers in the U.S. (and in other industrialized coun­
tries) to take a global perspective is the main question.-*^

Consider now the situation for a developing country (Fig­
ure 5.8). Again the global benefits curve lies far above the 
curve for an individual country. Evidence from empirical 
studies suggests that a far larger portion of the MC curve is in 
the no-regrets zone. Several multicountry studies point to this 
result.-*-*

In the case of developing countries, the GEF funding 
mechanism provides the means for shifting the level of emis­
sion reduction undertaken by any specific country to the right. 
But in what range does the GEF mechanism operate? Concep­
tually, it should operate in the range CD; that is, it should pro­
vide funding only beyond the optimal level from the country

perspective. But since the MB curve is so difficult to deter­
mine, an easier definition, operationally, is for the GEF to 
operate in the range BD; that is, from the conventional 
“least-cost” point that would normally apply, and in which 
any benefits, even locally, from greenhouse gas reductions are 
simply taken as zero. For example, wind plants would not nor­
mally lie in the least-cost expansion path for an electric utility 
(if environmental externalities are valued at zero); GEF pro­
vides the mechanism to fund such technologies. Yet, in fact, 
the GEF has also funded projects in the range AB - such as 
the energy-efficient lighting project in Mexico."*5

The difference between the optimal level of reduction from 
the national perspective and that from the global perspective 
lies at the heart of the practical problem of implementation. A 
related but different issue - involving equity - concerns one 
of the premises of CBA, namely that sunk costs and past ac­
tions are not relevant. Yet developing countries argue that in 
the case of the climate change problem, past emissions are rel­
evant, because it is the industrial countries, not the developing
countries, that have accounted for the bulk of the anthro-

»pogenic greenhouse gases present in the atmosphere (e.g., see 
Munasinghe, 1991).

5.4.6 Systemic evaluation

The comparison of abatement cost estimates shown in Table 
5.2 also points to the importance of systemic evaluation. The 
cost per tonne of avoided emissions for both wind and the no­
coal option are much lower in the Sri Lankan than in the GEF 
or Indian estimates for the exact same technology. The reason 
lies in the fact that the incremental cost of, say, wind power, 
depends on what technology is being substituted, and this will 
be very different from case to case. For example, in Sri Lanka, 
imported coal baseload plants largely determine the future 
system expansion cost. This is much more expensive than in
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Table 5.2. Comparisons of cost estimates for CO, abatement 
(in $/tonne of CO,}
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Study type Wind No coal

Sri Lanka

GEF
India

Systemic, single 
300 MW 
wind farm 
Generic 
Supply cost

67-131

116-223
150-600

16-26

45-89

Sources: For Sri Lanka, Meier et al. (1993); for India, Hossein and 
Sinha (1993). The generic estimate is from London Economics 
(1992).

India, which has available relatively large quantities of low- 
cost domestic coal. Similarly, in the generic cost estimates 
made by the GEF for no-coal options, the presumed substitute 
fuel is domestic oil or gas, not imported oil (as is the case for 
Sri Lanka). The point is that there likely exist very large, 
country-specific variations in estimates of the cost of green­
house gas emission abatement through given technologies. 
Joint costs and benefits that are local in nature will very likely 
vary even more from place to place.

Another way of making the same point is by noting that 
single-point cost estimates for many technologies can be quite 
meaningless, because the supply curve for even an individual 
technology is not flat. For example, as Hossein and Sinha 
(1993) have shown in a recent study of wind and hydro for In­
dia, the supply curves have the expected classical upward 
sloping shape as illustrated in Figure 5.9 for the supply cost of 
wind farms in India. Such static cost curves neglect the coun­
terargument that, in a more dynamic analysis, cost may de­
cline due to economies of scale and technological advances.

5.5 Issues

5.5.1 Risk, uncertainty, and irreversibility

Our knowledge about how anthropogenic emissions of green­
house gases affect global temperature, what kind of effects a 
change in global temperature may have, and how efforts to 
mitigate climate change may work is clearly restricted. How 
different greenhouse gases react in the atmosphere is not fully 
understood, and even if exact predictions of the average in­
crease in global temperature could be made, the different re­
gional effects of these increases will be exceedingly difficult 
to foresee. There is also considerable uncertainty about the 
economic and social effects of abatement measures, which are 
decisive for determining their associated costs and benefits.

One cannot, therefore, evaluate climate measures without 
taking these uncertainties into account. On the other hand, ac­
knowledgment of vast uncertainties should not lead to an inert 
attitude but rather to the development of rational strategies for 
acting under uncertainty. Economic analysis under uncer­
tainty aims at developing strategies for decision makers who 
face uncertainties in future costs and benefits. The uncertainty
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Figure 5.9: Supply cost curve for wind farms in India.

in the outcome of a variable is often described by a probabil­
ity attached to each possible outcome. In some cases, the 
probability distribution is objectively presented; in such cases 
one normally talks about risk. More often, subjective proba­
bility distributions are assumed, in which case one talks about 
uncertainty.

In Section 5.4 we noted that the level of uncertainty is 
greater in the benefits curve than in the cost curve (recall Fig­
ure 5.5). Figure 5.10 illustrates the practical consequence of 
uncertainty in a different way. Figure 5.10a depicts the cost- 
benefit analysis of the optimum level of emission reduction. 
The optimal reduction, R^p,, is given by the point at which 
MB = MC. If the marginal mitigation cost and marginal dam­
age cost functions were known with certainty or if, in the ab­
sence of risk aversion, one were to use expected values of the 
uncertain mitigation cost and damage functions, then the opti­
mum degree of emission reduction would be as shown.

However, given uncertainty in the marginal mitigation cost 
and damage functions, the optimal emission reduction cannot 
be determined precisely. It could lie anywhere within a rela­
tively wide range. Uncertainty in the damage function and 
risk aversion lead one to a “precautionary approach,” which 
requires more stringent emission reductions, lying to the right 
of the expected value R^p, and roughly determined by the in­
tersection of the cost curve and some notional upper envelope 
estimate of the damage function, as indicated by C in Figure 
5.5.

Figure 5.10b illustrates the case in which the damages are 
sufficiently uncertain that a marginal damage function cannot 
be defined. The risks associated with various emission levels 
are considered, using the best available evidence. This infor­
mation, together with the associated costs, is used to select an 
emission reduction, R^sm’ constitutes an affordable safe 
minimum standard. Analytically, such a standard would have 
to be based on a multicriteria analysis.

Finally, in Figure 5.10c the emission reduction R^^ is 
based solely on a scientific assessment. This corresponds to 
the first of the two views of the sustainability approach dis­
cussed in Chapter 6. Since the obligation to avoid harm is ab­
solute, the cost of avoiding harm is irrelevant. The benefits of
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control are so large that consideration of costs is unhelpful. 
This can be termed the absolute standards approach.

The attitude towards risky outcomes is often expressed in 
terms of a risk premium, which is the minimum compensation 
required to accept a lottery with expected return ,r compared 
to a certain return of x. Such a premium may be required be­
cause the decision maker prefers certain to uncertain out­
comes, but may also occur if the net benefit of his investment 
is nonproportionate in quantity. For instance, suppose a coun­
try commits itself to reduce emissions by 100 tonnes and con­
siders two alternative measures. One alternative reduces 
emissions by 100 tonnes with certainty. The other measure 
has a 50% chance of reducing emissions by 200 tonnes. Even 
if the expected reductions are equal (i.e., 100 tonnes), it is ev­
ident that a decision maker will prefer the certain alternative 
unless the uncertain alternative is considerably less costly, as 
there is a chance of having to impose additional measures if 
unlucky. Assessments of the uncertainty involved in the 
analysis of climate change may therefore be of great impor­
tance to decision making.

However, given the uncertainty it is also important to em­
phasize that some actions will be less attractive than others. 
The mirror of the above argument is that some actions may be 
acceptable, even with negative net expected benefit, if they 
reduce the uncertainty. One way to do so is to spread the risk 
among several measures. Then, if one fails to meet its ex­
pected target, another may satisfy the achievements that were 
expected. The total risk would thus be lower than if all efforts 
were concentrated on one single measure.

One is scarcely able to account for all the uncertainties in­
volved when analyzing climate change. In some cases it may 
be equally difficult to assess a probability distribution of a 
variable as a single expected estimate. Ignorance about cer­
tain effects of a measure indicate that they should be left out 
of the analysis. However, CBA may be of great help to deci­
sion making even when limited to effects on which reasonably 
well-founded value estimates can be provided.

One issue that has attracted a lot of interest in the literature 
of environmental economics is the problem of making irre­
versible decisions under conditions of uncertainty. Because 
of the long atmospheric lifetimes of greenhouse gases, irre­
versibility is a central characteristic of the climate change prob­
lem. A former, more benign climate cannot be reestablished if 
decisions lead to worse-than-expected climatic outcomes.

To incorporate the cost of irreversible effects in the CBA, a 
vast amount of information is required about such factors as 
how the uncertainty evolves over time. Such information is 
rarely available, but we may assume that increased knowledge 
about climate change will narrow the range of uncertainties 
in the future. This possibility also enhances the importance 
of keeping future options open. This is an extra cost of irre­
versibility - the so-called quasi-option value - and it suggests 
that decision makers should follow flexible strategies when 
faced with uncertainty.

The strategy that leaves most future options open is diffi­
cult to determine, however. Investing in abatement of climate 
change opens possibilities for increasing emissions at a later
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stage if the effects turn out to be less serious than expected. 
On the other hand, it reduces the potential use of adaptation. 
In addition, it is difficult to predict the effect of increased 
knowledge, especially whether anticipated outcomes will be­
come more certain. When dealing with many of the effects of 
climate change, ignorance is perhaps a more appropriate con­
cept than uncertainty. Increased knowledge may change igno­
rance to uncertainty, but the range of possibilities will not 
necessarily narrow for that reason.

In applying CBA to the global climate change problem, 
and in particular to the evaluation of alternative policies to op­
timize net benefits, several major sources of uncertainty need 
to be considered:**^

• Uncertainty about the actual rates ofemissionA^ Most of 
the many studies cited earlier make assumptions about 
current and future rates of emissions, taking some 
“business-as-usual” case as a starting point. Current CO, 
emissions from fossil fuel use may be reasonably well 
known, but the level of uncertainty increases as one con­
siders levels of possible fossil fuel use in the more 
distant future,-** the impact of deforestation,-*’ or the 
emissions of other greenhouse gases such as methane.

• Uncertainty about the costs of emission reduction. 
Again there are significant differences between estimat­
ing such costs in electric utility systems (which are rela­
tively well known for conventional technologies) and 
those elsewhere, particularly for reforestation.

• Uncertainty about scientific linkages. As already noted 
in Section 5.3, there exists a chain of scientific uncer­
tainty (see Figure 5.3). The extent to which these uncer­
tainties can be resolved by further research is itself 
subject to uncertainty (especially in light of the previ­
ously noted fact that by its very nature, ex ante verifica­
tion of models by actual data is difficult). Thus, it is 
unclear that similar arguments invoked in the context 
of other environmental problems have validity for glo­
bal climate change. In contrast, the argument that fur­
ther understanding of atmospheric chemistry, or of the 
chemistry of lake acidification, or of the exact nature of 
forest damage mechanisms was necessary before very 
costly efforts were undertaken to control SO^ and 
emissions*did at least have the merit that data on the ac­
tual damage of acid rain could be found.

• Uncertainty in valuing the costs and benefits of the 
physical impacts. Here there may exist quite large varia­
tions in the level of uncertainty: For example, evaluat­
ing the cost of protective dikes to protect against sea 
level rise or estimating the opportunity cost of inun­
dated land is subject to significantly less uncertainty 
than estimating the impact on agriculture or on biodi­
versity. However, estimating the costs of more extreme 
climate conditions (e.g., more intense storms) will be 
very difficult.

• Uncertainty about the assumptions underlying policy 
options. A number of studies, for example, have esti­

mated the impact on greenhouse gas emissions of elimi­
nating subsidies on coal or electricity, using assumed 
values of price elasticity.s* General equilibrium models 
require all kinds of assumptions about the elasticities of 
substitution: The actual values used in these numerical 
simulations are either based on historically estimated 
elasticities or on the judgment of the modeller. In either 
case, there is uncertainty about the extent to which such 
values match actual behaviour.

• Uncertainty about the effectiveness of policies. For ex­
ample, the proposition that a certain level of carbon tax 
will in fact result in a certain hypothesized fuel substitu­
tion makes a number of assumptions about the function­
ing of markets. As noted earlier, the very fact that many 
apparently “no-regret” options are not being imple­
mented suggests a higher level of market imperfection 
than economists like to admit, and/or substantially 
higher transaction costs or discount rates.

• Uncertainty about joint benefits and costs. As noted ear­
lier, joint benefits and costs may be a very significant 
factor in evaluating options for greenhouse gas abate­
ment. However, these joint benefits and costs are also 
subject to significant uncertainties (and also measure­
ment problems).

The application of valuation techniques is difficult even 
where the impacts themselves can be quantified with relative 
confidence. But in the case of global climate change, uncer­
tainties in economic valuation techniques may be signifi­
cantly smaller than the scientific uncertainties that surround 
the impacts of increasing concentrations of greenhouse gases. 
Advocates of immediate mitigation action to reduce emis­
sions argue that even if the probabilities of some of the impor­
tant impacts are unknown and subject to great uncertainty, 
they are not zero. Low probability/high impact events are es­
pecially complex to model, and concern about such events 
may also provoke extreme risk-averse behaviour. Further, the 
process of climate change, once underway, will be irreversible 
(at least during a period measured in centuries), and the dam­
ages that may result are so catastrophic that action may be 
warranted even in the absence of more precise scientific 
knowledge about the impacts.

A good analogy is a nuclear power plant accident. The 
Chernobyl incident notwithstanding, the risk of a catastrophic 
accident is extremely small. But the cost of a major accident is 
undoubtedly very large. Both the probabilities^^ and the costs 
of the impacts are very difficult to estimate. But even if one 
could agree on appropriate values to use, and one were able to 
calculate an expected value, decision making on the basis of 
the expected value may still not reflect the preferences either 
of the public or of decision makers. The consequences of even 
an extremely unlikely event may be perceived as so undesir­
able (especially in the case of extreme risk aversion), that 
“normal” decision rules may simply not be viewed as appro­
priate. In other words, cost-benefit analysis must deal not just 
with expected values, but also with the risk preferences of the 
decision makers and those they represent.
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The traditional and simple way of incorporating uncer­
tainty considerations in CBA has been through sensitivity 
analysis. Using optimistic and pessimistic values for different 
variables can indicate which variables will have the most pro­
nounced effects on benefits and costs. Although sensitivity 
analysis need not reflect the probability of occurrence of the 
upper or lower values, it is useful for determining which vari­
ables are most important to the success or failure of a project. 
Indeed decision makers often assign probabilities (even if 
only implicitly) to the various outcomes. Admittedly, the 
sheer magnitude of the costs of catastrophic climate change 
will make the sensitivity analysis problematic.

One might note that for certain types of uncertainty, some­
thing akin to risk insurance is available in the form of futures 
and options markets. For example, one can hedge against un­
certainty in the future price of oil by transactions in the oil fu­
tures markets, but their efficient functioning depends on there 
being some balance between those who are buyers of oil (who 
are primarily interested in protecting themselves against a rise 
in the price), and sellers of oil (who are interested in protect­
ing themselves against a fall in the price).” (See Box 5.2.)

Finally, extreme uncertainty might also influence the na­
ture of the economic instruments employed for policy pur­
poses. For example, a price-oriented mechanism (such as a 
carbon tax) which limits economic dislocation might be pre­
ferred over a quantity-based mechanism (such as tradable per­
mits) in a situation where there are both uncertain control 
costs and an uncertain environmental response (see Lave and 
Gruenspecht, 1991).”

5.5.2 Valuation

The robustness of a cost-benefit analysis depends critically on 
how reliable the values attached to each item are. The prices 
of marketable goods and services express social values as 
long as the goods in question are not rationed and there are no 
externalities.” For nonmarketed goods and services, such as 
many environmental services, values have to be estimated in 
order to aggregate costs and benefits and obtain an overall 
evaluation of choice of policy. Estimated prices may depend 
on the methodology chosen to create them, and one should 
therefore interpret with caution results which include such 
prices.

One reason why avoiding climate change may have a value 
is that climate change will cause a change in economic activi­
ties. Sea level rise will force people to move, for example, or 
more turbulent weather conditions may increase the need to 
rebuild damaged structures or replace damaged materials. A 
second reason is that people attach subjective values to the 
climate where they live - values that are to some extent re­
flected in the notions of “good” and “bad” weather.

However, it is difficult to assess these values. To simplify 
somewhat, one may base an estimate on the anticipated costs 
of achieving a certain target at observed market prices: for in­
stance, the minimum abatement cost of attaining the same 
level of greenhouse gas emissions as a previous year. Alter­
natively, one may estimate the willingness to pay for reach­

ing such a target. In neither of the cases, however, would one 
be able to assess the benefits in terms of avoided future dam­
ages.

Valuation of environmental effects in CBA may be helpful 
in attaining cost-effective decisions. However, the valuation 
should be based on a reasonably well-founded methodology. 
Speculative assumptions will not contribute to decision mak­
ing. A measure that yields negative net benefits according to 
an analysis may be worthwhile if effects that are assumed to 
be positive but not explicitly valued in the calculation are well 
documented. Decision makers will normally manage to con­
sider more than one measure simultaneously. CBA usually 
simplifies the decision by aggregating several effects, but 
there is no necessity for all effects to be aggregated into one 
single measure.

There are several fundamentally different types of costs 
and benefits that must be addressed, each of which requires 
somewhat different approaches to quantification and valua­
tion:

Mitigation actions taken before the actual impacts are 
observed. These are primarily a matter of reducing 
emissions or of removing greenhouse gases through 
reforestation. The vast majority of the applications of 
cost-benefit analysis have addressed the question of 
how best to achieve given levels of emission reduction. 
Valuation issues generally do not arise in this category.

Costs of mitigation actions taken after impacts become 
apparent. These will necessarily occur in the future, and 
would be undertaken only if (1) climate change actually 
does occur and (2) climate change does indeed result in 
specific impacts. The cost of dikes to prevent inunda­
tion of coastal areas is a typical example in this cate­
gory. Based on actual experience (such as in the 
Netherlands), the cost of such mitigation actions are 
relatively easy to establish.” Climatic engineering op­
tions, such as painting roads and roofs white or putting 
particles into the stratosphere also fall into this cate­
gory. Again, there are few valuation issues here.

Costs (and benefits) of adaptation. Society will adapt 
with varying degrees of pain to many of the impacts of 
climate change - indeed, society has already adapted to 
changes in climate that have occurred in the past. For 
example, climate change will affect crop yields and may 
result in poleward shifts in the distribution of cultivated 
land. Some areas will gain, and some will lose, and the 
consequences become an equity issue (between regions 
and countries) as much as a cost issue. Estimates of net 
losses for U.S. agriculture, for example, suggest a toler­
able impact for the U.S. as a whole, but significant re­
gional variations.” Some of the costs of adaptation will 
vary, depending on ex ante actions (e.g., the develop­
ment of drought- or saline-resistant crops).

Costs (and benefits) of nonadaptation. In some cases, 
adaptation may not be possible or the cost of mitigation 
may be higher than the loss incurred in its absence. For ex-
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BOX 5.2: APPLICATIONS OF DECISION ANALYSIS

Option analysis
In conventional CBA analysis, the usual decision rule is to take some action if the expected benefits exceed the expected 
costs. Depending on the degree of irreversibility present, a more appropriate rule is to take the action when benefits exceed 
costs by an amount at least equal to the value of the forgone option. Suppose some investment depends on some assumptions 
that are subject to great uncertainty - such as future world oil prices. If one makes an investment decision that is largely ir­
reversible - such as building a large hydroelectric power project - then one loses the flexibility associated with waiting to 
learn more about the factors that affect oil prices. Preserving that flexibility has some economic value, namely the so-called 
option value. In financial and commodity markets such options to buy (and sell) are traded, with option prices determined 
by the market itself But option value theory is now being applied to other fields involving capital-intensive investments, 
such as power generation.'

In applying these concepts to the climate change problem, there are many key differences. First, in one sense the problem 
is exactly opposite to that faced by, say, the power sector. In climate change, one loses flexibility if one does not make short­
term investments to reduce greenhouse gas emissions. However, investment in reductions now is not free: Resources have to 
be diverted from other uses, and better emission technologies may be available in the future. Thus to some extent, commit­
ting now to current technology restricts the option to use better technology later. Second, unlike the financial and commod­
ity context, there is no marketplace to set the value of the option.^

Decision analysis and hedging strategies
Among the early attempts at applying decision analysis to the climate change problem are those of Manne and Richels,^ who 
have developed an approach for determining the optimal hedging strategy. The paradigm they use is that of a portfolio of in­
surance options:'* What combination of insurance should be bought, if indeed any at all? What portion goes to R&D to re­
solve scientific uncertainties? What portion goes to the development of new supply and conservation technologies to reduce 
abatement costs? And what portion goes to immediate abatement of emissions? In particular, they focus on the value of in- 
formation^ and on how much accuracy is needed in climate modelling and impact assessment. Clearly, with perfect informa­
tion, the best course of action can be charted immediately, and there is no need to hedge bets. Manne and Richels conclude 
that the need for precautionary near-term emission reductions is inversely related to the sustained commitment to R&D to 
develop better climate information (which reduces the need to hedge against an uncertain and potentially hostile future). 
However, given the inherent predictive uncertainty of climate change (and in particular the reliability of indicators), the lim­
itations of such approaches need to be recognized.

'See, for example, Crousillat and Martzoukos (1991). This study reviewed power sector investment decisions in Costa Rica, Hungary, 
and West Africa. For a general review, see Dixit and Pindyck (1994).

marketplace might emerge if a tradable emission permit system were to be instituted. Chao and Wilson (1993) outline a means of us­
ing option values to quantify the flexibility associated with the purchase of a tradable emission permit instead of fixed capital investment 
in control technology.
*See, for example, Manne and Richels (1992).
'•Lave (1991) notes that the concern about global climate change is not concentrated just in the rich nations but in the upper income 
groups in those nations. These are the same groups that voluntarily purchase insurance to protect themselves against other losses, such as 
those related to health, floods, and earthquakes. Persuading poor people to buy flood or earthquake insurance is exceptionally difficult 
even in the developed countries.
=The value of information under uncertain conditions is a concept much used in the private sector. For example, before embarking on the 
expensive proposition of drilling a wildcat well, oil drillers must decide how much ought to be spent on much less expensive prior sur­
vey work: Will general magnetic surveys suffice or are more expensive seismic surveys needed? Neither yields perfect information. For 
details of how such decision-theory models are applied in this field, see, for example, Newendorp (1976).
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Table 5.3. Potential impacts to be valued (for the U.S.y

Systems Potential Impacts

Forests and Migration of vegetation
terrestrial vegetation Reduction in inhabited range

Altered ecosystem composition
Species diversity Loss of diversity

Migration of species
Invasion of new species

Coastal wetlands Inundation of wetlands
Migration of wetlands

Aquatic ecosystems Loss of habitat
Migration to new habitat
Invasion of new species

Coastal resources Inundation of coastal development 
Increased risk of flooding

Water resources Changes in supplies
Changes in drought and floods
Changes in water quality -i- 

hydropower production
Agriculture Changes in crop yields

Shifts in relative productivity 
and production

Human health Shifts in range of infectious disease 
Changes in heat-stress and cold-weather 

afflictions
Changes in fertility due to stress

Energy Increase in cooling demand
Decrease in heating demand
Changes in hydropower output

Transportation Fewer disruptions in winter transportation 
Increased risk for summer inland 

transportation
Risks to coastal roads

Weather-related Damages related to changes in the
damages frequency and severity of extreme 

weather events like storms

Total economic value

I

Use values Non-use values
I

Direct use 
values

Output that 
can be 

consumed 
directly

Indirect use 
values m

Functional Future direct Value from 
benefits and indirect knowledge of 

use values continued 
existence

tSystems and potential impacts as listed in OTA (1993), except for 
weather-related damages.

ample, in some areas, the cost of construction of dikes may 
be far higher than the value of the land lost to coastal flood­
ing; in such a case, the relevant cost to be estimated for 
purposes of CBA is the value of the land lost.

It is thus in the third and fourth of these categories that val­
uation issues arise. Table 5.3 lists the specific categories of 
impacts that may be encountered as a result of global climate 
change.

Conceptually, the total economic value (TEV) of a resource 
consists of its use value (UV) and non-use value Use
values may be broken down further into the direct use value 
(DUV), the indirect use value {lUV), and the option value 
{OV) (potential use value).“ One needs to be careful not to 
double-count both the value of indirect supporting functions 
and the value of the resulting direct use. One major category 
of non-use value is existence value (EV). Thus

• Food • Ecological • Biodiversity • Habitats
• Biomass functions • Conserved • Endangered

• Recreation • Food control habitats species
• Health • Storm protection

Figure 5.11: Categories of economic values attributed to environ­
mental assets.

TEV =UV + NUV

TEV =[DUV + lUV +OV] + [NUV]

Figure 5.11 shows this disaggregation of TEV in schematic 
form. Below each valuation concept, a short description of its 
meaning and a few typical examples (based on a tropical rain­
forest) of the environmental resources underlying the per­
ceived value are provided. Option values, non-use values, and 
existence values are shaded as a caution that some ambigui­
ties are associated with defining these concepts. (As shown in 
the examples, they can spring from similar or identical re­
sources, and their estimation can be interlinked also.) How­
ever, these concepts of value are generally quite distinct. 
Option value is based on how much individuals are willing to 
pay today for the option of preserving the asset for future (per­
sonal) direct and indirect use (see Box 5.3). In the context of un­
certainty, quasi-optien value is said to define the value of 
preserving options for future use in the expectation that knowl­
edge - about the potential benefits or costs associated with the 
option (see Pearce and Turner, 1990; Fisher and Hanemann, 
1987) - will grow over time. This approach may be quite rele­
vant, given the great uncertainties associated with climate 
change. Existence value is the perceived value of the environ­
mental asset unrelated either to current or optional use (i.e., the 
value it has simply because it exists). A variety of valuation tech­
niques may be used to quantify the above concepts of value.®'

The basic concept of economic valuation underlying all 
these techniques is the willingness to pay (WTP) of individu­
als for an environmental service or resource.As shown in 
the box, valuation methods can be categorized according to 
which type of market they rely on and by considering how 
they make use of actual or potential behaviour.



Applicability of Techniques of Cost-Benefit Analysis to Climate Change 165

BOX 5.3: TAXONOMY OF VALUATION TECHNIQUES

Type of Market

Type of Behaviour Conventional market Implicit market Constructed market

Based on actual behaviour Effect on production
Effect on health
Defensive or preventive costs

Travel cost
Wage differences 
Property values
Proxy marketed goods

Artificial market

Based on intended 
behaviour

Replacement cost

Shadow project

Contingent
valuation

Effect on production. An investment decision often has environmental impacts, which in turn affect the quantity, quality, 
or production costs of a range of productive outputs that may be valued readily in economic terms.

Effect on health. This approach is based on health impacts caused by pollution and environmental degradation. One prac­
tical measure related to the effect on production is the value of human output lost due to ill health or premature death. The 
loss of potential net earnings (called the human capital technique) is one proxy for forgone output, to which the costs of 

health care or prevention may be added.
Defensive or preventive costs. Often, costs may be incurred to mitigate the damage caused by an adverse environmental 

impact. For example, if drinking water is polluted, extra purification may be needed. Then, such additional defensive or pre­
ventive expenditures after the fact could be taken as a minimum estimate of the benefits of mitigation beforehand.

Replacement cost and shadow project. If an environmental resource that has been impaired is likely to be replaced in the 
future by another asset that provides equivalent services, then the costs of replacement may be used as a proxy for the envi­
ronmental damage - assuming that the benefits from the original resource are at least as valuable as the replacement ex­
penses. A shadow project is usually designed specifically to offset the environmental damage caused by another project. For 
example, if the original project was a dam that inundated some forest land, then the shadow project might involve the re­
planting of an equivalent area of forest elsewhere.

Travel cost. This method seeks to determine the demand for a recreational site (e.g., number of visits per year to a park) 
as a function of variables like price, visitor income, and socioeconomic characteristics. The price is usually the sum of entry 
fees to the site, costs of travel, and opportunity cost of time spent. The consumer surplus associated with the demand curve 
provides an estimate of the value of the recreational site in question.

Property value. In areas where relatively competitive markets exist for land, it is possible to decompose real estate prices 
into components attributable to different characteristics like house and lot size, air and water quality. The marginal WTP 
(willingness to pay) for improved local environmental quality is reflected in the increased price of housing in cleaner neigh­
bourhoods. This method has limited application in developing countries, since it requires a competitive housing market, as 
well as sophisticated data and tools of statistical analysis.

Wage differences. As in the case of property values, the wage differential method attempts to relate changes in the wage 
rate to environmental conditions, after accounting for the effects of all factors other than environment (e.g., age, skill level, 

job responsibility, etc.) that might influence wages.
Proxy marketed goods. This method is useful when an environmental good or service has no readily determined market 

value, but a close substitute exists which does have a competitively determined price. In such a case, the market price of the 
substitute may be used as a proxy for the value of the environmental resource.

Artificial market. Such markets are constructed for experimental purposes, to determine consumer WTP for a good or 
service. For example, a home water purification kit might be marketed at various price levels, or access to a game reserve 
may be offered on the basis of different admission fees, thereby facilitating the estimation of values.

Contingent valuation. This method puts direct questions to individuals to determine how much they might be willing to 
pay for an environmental resource, or how much compensation they would be willing to accept (WTA) if they were de­
prived of the same resource. The contingent valuation method (CVM) is more effective when the respondents are famdiar 
with the environmental good or service and have adequate information on which to base their preferences. Recent stu les 
indicate that CVM, cautiously and rigorously applied, could provide rough estimates of value that would be helpful in eco­
nomic decision making, especially when other valuation methods are unavailable.

Source: Munasinghe (1993).
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Valuation techniques obviously need to be selected with 
some care, and in particular one must recognize that a given 
valuation technique may not necessarily capture the entire 
value. For example, if the replacement cost approach is being 
used to value the loss of forest area being inundated by a dam, 
it would likely capture only the use value. The value of biodi­
versity loss involved in the loss of primary forest, or a devel­
oped ecosystem, may not be included.^

We note that these valuation techniques have been devel­
oped for more conventional environmental impact analysis 
and would require significant modification and/or careful 
interpretation when applied to issues connected with global 
climate change (e.g., long-term intergenerational impacts, 
biodiversity loss, welfare comparisons across cultures or 
where there are wide gaps between gainers and losers, etc.). 
Nevertheless, whatever the difficulties, the importance of val­
uation remains, and the development of better techniques 
should be viewed as an important item in the overall climate 
change research agenda. Certainly, ignoring an impact be­
cause it cannot be satisfactorily valued carries high risk and is 
one of the reasons for the use of MCA (see below).

5.5.2.1 Discount rate
We noted in the introduction that CBA requires a very specific 
and explicit way of dealing with time. The first principle is 
that past (or “sunk”) costs are ignored, based on the premise 
that, since past decisions cannot be changed, they have no 
bearing on decisions regarding the efficiency of resource use 
that are to be made in the present or in the future.^

The second principle is that a discount rate is applied to fu­
ture costs and benefits to yield their present values. The issue 
of choosing an appropriate discount rate has been discussed in 
the context of general CBA for many years (Dasgupta et ai, 
1972; Harberger, 1976; Little and Mirrlees, 1974; Sen, 1967). 
The long-term perspective required for sustainable develop­
ment suggests that the discount rate might play a critical role 
in intertemporal decisions concerning the use of environmen­
tal resources (Arrow, 1982). We briefly discuss below several 
key issues relating to discount rates. The topic is dealt with 
more fully in Chapter 4.

Compared with most other economic investment decisions, 
the time perspective of measures aimed at mitigation of cli­
mate change is considerably longer. Cline (1992) suggests 
a 200-300-year time horizon for climate policy decisions, 
whereas investments in economic activities seldom need more 
than a 25-year horizon. This longer time horizon makes as­
sumptions about how the economic and the environmental 
systems will develop and the discounting of future values crit­
ical to the evaluation of measures.

The discount rate denotes the social opportunity cost of 
capital. It reflects the net impact on total social benefits if one 
unit of present output is withdrawn from consumption and in­
stead is invested elsewhere (for instance, in production or 
abatement). The criterion for optimal social and economic de­
velopment is that the marginal total benefits from the different 
investments should be equal regardless of what the invest­
ments are aiming at. In other words, the social discount rate 
should be equal for all investments. If not, it would be possi­

ble to reallocate resources and attain a higher social benefit 
without any cost. Thus, the discount rate expresses a condition 
for dynamic (or intertemporal) efficiency.

The discount rate also provides a signal to decision makers 
who evaluate single projects or measures to take decisions in 
accordance with dynamic efficiency (over time). Even if one 
accepts the requirement to apply the same discount rate for 
marginal projects within a given time period, there are many 
potential optimal levels of the discount rate. This level de­
pends, inter alia, on the social preferences about present ver­
sus future consumption that may be reflected in an inter­
temporal welfare function. The formulation of this function 
has been the subject of an extended debate in which questions 
about intertemporal comparisons as well as the current distri­
bution of welfare have been raised.

It is worth emphasizing that, although externalities related 
to climate change will affect the social rate of discount, it is 
not sufficient merely to adjust this discount rate to take full 
account of climate change in a CBA. One must include also 
the “price” of the environment, which may increase substan­
tially over time. As a consequence, future impacts from cli­
mate change may be quite important to present day decisions, 
even in “discounted terms”: A 5% increase in the price of the 
environment will fully counteract the effect of a 5% discount 
rate.

To conclude, discounting is necessary in order to compare 
costs and benefits at different time periods. Attempts to avoid 
discounting or to apply a different discount rate for climate 
measures than for other investments will inevitably result in 
an inefficient policy. However, it is difficult to pick out the 
correct social discount rate, as there are no practical observa­
tions of such a rate. Furthermore, discount rates may depend 
on the future scenario that is assumed, and could vary over 
time - in particular, very long-term discount rates may be 
lower as economic growth rates saturate and decline (see 
Munasinghe, 1993).

5.5.2.1 CBA and equity
The benefits and costs of climate change mitigation strategies 
may accrue to different countries (and to different regions 
within larger countries) in different ways and at different 
times. How one reconciles these differences is therefore one 
of the central dilemitias facing policymakers, and it involves 
some crucial equity issues (see Chapter 3).

Thus, although CBA can provide answers on who should 
engage in how much abatement based solely on the criterion 
of maximizing economic efficiency, it must be recognized that 
some deviation from the global least-cost solution as obtained 
by CBA may have to be accepted to get international agree­
ment. As indicated earlier in Figure 5.1, there will likely be a 
trade-off between equity objectives and economic efficiency. 
CBA can help define the trade-off curve, but it cannot provide 
an answer to what combination of economic efficiency and 
equity is necessary to get international agreement. However, 
whether there is a trade-off between equity and efficiency, and 
what the properties of this trade-off are, depend on what pol­
icy instruments are available. For example, if one permits side 
payments (in lump sum form) between countries, the efficient
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allocation of emissions across countries could be achieved in­
dependently of the equity issue.

Several concerns shape equity perceptions and the ability 
to obtain international agreements. Effective action to control 
climate change depends on a degree of international agree­
ment. Therefore, a first obstacle to whatever mechanism 
might be agreed on is national sovereignty - to what extent 
will sovereign nations subject themselves to enforcement ac­
tions by others? Even simple agreements for joint implemen­
tation of projects involving two countries have run into 
difficulties (as discussed later in this section).

The second obstacle is the heterogeneous nature of the ef­
fects of greenhouse warming. Although the most widely cited 
measure of climate change is the average increase in global 
temperature, climate change affects different countries differ­
ently. In addition, the costs or response measures and their 
economic implications vary greatly among countries, particu­
larly as a function of the level of development. Therefore, per­
ceptions of the benefits of global cooperation will differ 
greatly.

A third obstacle is posed by strategic incentives. If some 
countries take the lead and set up a greenhouse gas control 
agreement, others have an incentive to free-ride and abstain 
from joining, as they cannot be excluded from the benefits 
such an agreement creates. If countries act selfishly in this 
way, few will become party to an agreement. Instead, most 
countries will not cooperate, and no general agreement will be 
reached even if all countries were to benefit frorn it. (This is 
the well-known prisoner’s dilemma from game theory.^^) 
Some argue that the overwhelming historical contribution to 
the build-up of greenhouse gases from developed countries 
constitutes an “environmental debt,” that cannot be conve­
niently ignored using the traditional “sunk cost” approach. If 
past contributions to greenhouse gas emissions are considered 
from an equity viewpoint, establishment of appropriate side 
payment mechanisms from developed to developing coun­
tries, including financial assistance and technology transfer, 
could facilitate more enthusiastic cooperation by developing 
countries in efforts to mitigate climate change.

The question of joint implementation illustrates the limits 
of CBA in this regard. The motivation for joint implementa­
tion is a straightforward result of CBA. If a country - say the 
U.S. - decides to make an effort to reduce greenhouse gas 
emissions, and if reductions can be obtained at lower costs 
abroad, then the U.S. should initiate projects in other coun­
tries to minimize overall costs (Aaheim, 1993). The receiving 
country has nothing to lose if the additional cost of such a 
joint implementation project is covered by the investing na­
tion. Yet many countries and organizations have reacted with 
skepticism to such an approach, for reasons that are political 
and based on equity concerns rather than on economic effi­
ciency. The reasons include mistrust of the true willingness of 
the industrial countries to mitigate climate change, the belief 
that the ultimate reduction in greenhouse gases under sucn a 
regime would be negligible, and the suspicion that joint im­
plementation gives industrial countries an opportunity to “buy 
themselves out of their problems” at the expense of the devel­
oping countries.<>* Indeed, some developing countries fear that

Table 5.4. Criteria for choosing a strategv

1. Flexibility
2. Urgency
3. Low cost
4. Irreversibility
5. Consistency
6. Economic efficiency
7. Profitability
8. Political feasibility
9. Health and safety

10. Legal and administrative feasibility
11. Equity
12. Environmental quality
13. Private vs. public sector
14. Unique or critical resources

Source: EPA(1989).

joint implementation investment might partly substitute for 
traditional forms of financial and donor assistance, and that 
such agreements might preclude the right of their own future 
generations to emit greenhouse gases.

Brazil and other countries have advanced a further reason 
for host country skepticism of joint implementation projects, 
namely that Annex I countries to the Framework Convention 
on Climate Change would invest in all the low-cost/high- 
retum projects, and thus when non-Annex I countries were 
eventually required to curb emissions they would find the 
cheapest and best options already taken up.

5.5.3 Multicriteria analysis

Even the staunchest advocates of cost-benefit analysis would 
concede that economic efficiency (or economic value) is not 
the sole criterion in setting public policy, and that policymak­
ers rightfully need to consider a broader set of objectives. Un­
fortunately, there is much confusion about what constitutes a 
coherent set of objectives. Table 5.4, taken from a major 
United States Environmental Protection Agency (EPA) study, 
lists the criteria suggested as constituting the basis for select­
ing public policy. The authors point out that the first four cri­
teria listed - flexibility, urgency, irreversibility, and low cost - 
“would generally be given the highest priority.” Note that 
many of these criteria overlap each other, and economic effi­
ciency is among them!

Simple applications of CBA tend to focus only on eco­
nomic efficiency. However, in more recent extensions, tradi­
tional CBA concepts are embedded in MCA, which expressly 
allows more than one objective and expressly addresses risk 
and uncertainty, thereby providing an integrating mechanism 
for most of the criteria listed. Multicriteria analysis tech­
niques first gained prominence in the 1970s, when the intangi­
ble environmental externalities lying outside conventional 
cost-benefit analysis (CBA) methodologies were increasingly 
recognized. It also met one objective of modem decision mak­
ers, who preferred to be presented with a range of feasible al­
ternatives, as opposed to one “best” solution. MCA also



I6H Climate Change 1995 - Economic and Social Dimensions of Climate Change

allows for the appraisal of alternatives with differing objec­
tives and varied costs and benefits, which are often assessed 
in differing units of measurement.

Of the criteria listed in Table 5.4, criteria 1, 2, 3,4, 5, and 6 
can all be treated by modern decision analysis. Indeed, ques­
tions of timing (urgency), flexibility (or robustness), capital 
constraints (“low cost”) are all central elements of the ap­
proach. Also, criterion 13 is really part of 6. (In the text, the 
authors of the EPA report amplify the criterion as follows: 
“Does the strategy minimize governmental interference with 
decisions best made by the private sector?”) Furthermore, 
modern valuation techniques permit substantial parts of crite­
ria 9 and 12 to be included in the economic analysis as well. 
As conceded by the EPA report (p. 393), “if the principal costs 
and benefits can be quantified in monetary terms, economic 
theory provides a rigorous procedure for making trade-offs 
between present and future costs, and for considering uncer­
tainty, profitability, and most of the other criteria.”

There is also a need to separate the basic goals of public 
policy - such as economic efficiency and equity - which 
surely have primacy, from implementation issues such as le­
gal and administrative feasibility, which are generally sec­
ondary. The premise of CBA analysis is that one looks first at 
the primary objectives and then asks how many of the primary 
objectives one may have to sacrifice to achieve practical 
implementation. This principle has become accepted in many 
areas of policymaking. For example, the starting point for 
setting electric utility rates is to calculate the economically ef­
ficient tariff (based on marginal costs) and then make adjust­
ments to protect low income groups (through lifeline rates, 
special provisions for disconnection in the event of nonpay­
ment, etc.). The essence of the approach is not that noneco­
nomic issues are ignored, but that the trade-offs between 
economic efficiency and equity (or indeed other objectives not 
readily monetized) are explicitly quantified and displayed in 
such a manner that decision makers are made aware of how 
much of one objective is traded off in the interests of the other.

Indeed, one of the advantages of MCA is that it forces po­
litical decision makers to look at the trade-offs between their 
major objectives rather than attempting to boil down every­
thing into a single number, particularly where valuation tech­
niques may be controversial. Nowhere is this more important 
than in the valuation of risk to human life.*''

The application of MCA methods involves the following 
steps:

(1) Selection and definition of attributes, say A,., t= 1,. .. n, 
selected to reflect important planning objectives. Al­
though the two major relevant attributes in the context 
of the global climate change problem are cost and 
greenhouse gas emission reductions, we have already 
noted that strategies to control emissions may have 
other side effects, some positive and some negative, that 
may also be difficult to value and that might therefore 
require consideration of additional attributes (such as 
biodiversity and equity).

(2) Quantification of the levels A.j of the i attributes esti­
mated for each of the j alternatives. In this quantification.

Table 5.5. Technology interventions for greenhouse gas 
emission reductions

Option Comments Symbol

Wind energy 305 MW total wind
Minihydro miniHy
DSM; energy EEF

efficient
refrigerators

DSM: compact CEL
fluorescents

Transmission & 10% T&D loss goal TD-h
distribution (in place of 12%) by 2000
loss reduction 12% goal delayed to 2003 TD-

Max hydro Builds both reservoirs in the Upper 
Kotmale project; 144 MW high dam 
version of Kukule

maxHy

Clean coal Pressurized fluidized bed PFBC
technology combustion-combined cycle units; 

assumed for all coal units after 2000 
With pessimistic capital cost
assumptions PFBC-

Clean fuels Use imported low-sulphur residual low S
oil for diesels (0.5% S by weight 
rather than 2.5% S)

oil

Use low sulphur (0.5%) coal low S
(rather than 1% S coal) coal

FGD systems Model free to choose optimal 
generation mix; coal plants 
must have FGD systems

FGD

FGD systems forced onto basecase 
solution

*FGD

No coal Model free to choose least-cost 
combination of diesels + hydro

noCoal

full consideration must be given to discounting issues, for 
noneconomic and economic attributes alike. At this stage 
of the analysis, trade-off curves are powerful tools for 
communicating with decision makers. They are particu­
larly relevant in a situation, such as the climate change 
problem, whert the quantification of benefits may be dif­
ficult and where decision makers must act largely on the 
basis of trading-off short-term costs against certain levels 
of greenhouse gas emission reduction.

(3) Determination and application of a decision rule, which 
amalgamates the information into a single overall value 
or ranking of the available options or which reduces the 
number of options for further consideration to a smaller 
number of candidate plans. Where amalgamation is 
contemplated, attribute levels are first translated into a 
measure of value, v.{A.j) (also known as the attribute value 
function).** This is sometimes combined with a normaliza­
tion procedure, usually on a scale of 0 to 1 (in which the 
lowest value of the attribute value function is assigned 0, 
the highest 1). Subsequently, weights w for each attribute 
must be determined to arrive at the overall amalgamation.
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assuming that the damage due to a tonne of CO2 remains constant over this period. It is not necessary 
to know the monetary value of the damage due to CO2 emissions since the analysis only involves a 
comparison of options.

Figure 5.12; The trade-off curve.

Trade-off curves are a particularly useful tool for the analysis 
of energy-environmental policy options. Figure 5.12, taken 
from a recent study of options for greenhouse gas emission re­
ductions in Sri Lanka (Meier et al„ 1993), illustrates the es­
sential concepts. The figure is a plot of two attributes - 
greenhouse ga» emissions and total system costs - for the 
technology options identified in Table 5.5. Each point repre­
sents a perturbation of the reference case, defined as the offi­
cial 1993 basecase capacity expansion plan of the national 
power company, the Ceylon Electricity Board (CEB).

The trade-off curve is the set of options that are not domi­
nated by others (sometimes referred to as the “noninferior 
set”). These are the options that are “closest” to the origin, 
and therefore represent the “best” set of options that merit fur­
ther attention.®^

Several useful concepts arise here. First is the concept of 
dominanceJ^ Pressurized fluidized bed combustion (PFBC - 
a clean coal technology) is said to dominate the options in the 
sector shown, namely flue gas desulphurization (FGD) and 
wind. PFBC has better costs and better (i.e., lower) green­
house gas emissions, and is thus preferred over the other op­

tions under both criteria. If only these two attributes mattered, 
there would be no reason to select any of the dominated op­
tions in place of PFBC.

Another perspective is gained by dividing the solution 
space into quadrants with respect to the reference case (Figure 
5.13). The options that fall into quadrant III are the “win-win” 
options, which are better than the reference case in both at­
tributes. In this case, minihydro, energy-efficient refrigera­
tors, transmission and distribution system loss reduction, and 
compact fluorescents all fall into this quadrant, providing 
both cost and emission gains. Such win-win solutions 
were mentioned earlier, in Section 4, in connection with the 
empirical estimates of the MAC curves (e.g., Figure 5.4). 
These “below-the-line” options in the MAC curves are equiv­
alent to the options in quadrant III of a multiattribute analy- 
sis.71

Finally one should note that MCA leads to implicit valua­
tions whenever two options are compared. For example, in the 
case of Figure 5.13, a decision maker who prefers option Y 
(maximum hydro -f no coal) to option X (no coal -f low sul­
phur oil) makes an implicit valuation of the concomitant re-
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Source: Meier era/. (1993).

Figure 5.13: “Win-win” options.

duction of greenhouse gas emissions in terms of the increased 
costs (i.e., equal to the slope of the trade-off curve between X 
and Y or about 200$/ton of CO^).^^

It must also be noted that the choice of criteria in an MCA 
will depend on each country’s short- and long-term develop­
ment plans. Despite a common global objective of stabilizing 
atmospheric concentrations of greenhouse gases, developing 
countries may use different criteria because of immediate or 
urgent needs to ensure food supplies and service debt require­
ments. Consequently different countries may place different 
weights on the attributes.

5.6 Conclusion

Cost-benefit analysis has many advocates but also many de­
tractors. Certainly the rather narrowly defined traditional ap­
proaches to CBA, developed originally for project-level

decision making with planning horizons typically no more 
than 20 years, clearly have difficulty in dealing with the very 
long time frames and high levels of uncertainty encountered 
in the climate chamge context. This chapter has interpreted 
modern CBA more broadly to encompass a family of deci­
sion-analysis techniques that includes cost-effectiveness 
analysis, multicriteria analysis, and decision analysis, in addi­
tion to traditional cost-benefit analysis.

Despite the current limitations of these various techniques, 
modem CBA (broadly defined) remains the best framework 
for identifying the essential questions that policymakers must 
face when dealing with climate change. The CBA approach 
forces decision makers to compare the consequences of alter­
native actions, including that of no action, on a quantitative 
basis. To the extent that some impacts and measures cannot be 
valued monetarily (e.g., biodiversity), extensions of the tradi­
tional CBA approach, such as multicriteria analysis, permit 
some quantitative expression of the trade-offs to be made.
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Decision analysis also provides many insights for dealing 
with uncertainty. Flexible policies are essential when faced 
with large uncertainties. Increased knowledge may narrow 
uncertainty, but the range of options may not necessarily in­

crease.
Finally, the most important benefit of applying CBA is not 

necessarily the predicted outcome (which always depends on 
assumptions and the particular technique used) but the 
process itself (which establishes a framework for gathering 
information and forces an approach to decision making that is 
based on rigorous and quantitative reasoning).

Endnotes
1. However, it is not universally accepted that cost-benefit analysis is 
appropriate to the analysis of policy options to address global cli­
mate change. A major report recently issued by the U.S. Office of 
Technology Assessment (OTA, 1993) contains an extensive discus­
sion of how adaptation strategies should be chosen, yet manages to 
avoid all mention of cost-benefit analysis per se. It talks about how 
one might minimize vulnerability to climate change and about insur­
ance strategies, but avoids the central question of how one might de­
termine the amount of insurance one wishes to buy. Similarly, 
priorities may be set on noneconomic grounds, and CBA could be 
used in a secondary role (see e.g.. Turner, 1991).
2. Although this needs a bit of modification in the presence of capital 
constraints, which may limit selection of the “best” single project.
3. However, as we shall see later, extensions of CBA can help in 
identifying the trade-offs between economic efficiency and equity.
4. The degree of emission abatement is reported in such studies in 
two rather different ways. The first is as a reduction from some base­
line - itself defined as the trajectory of greenhouse gas emissions for 
some postulated business-as-usual scenario. The second is in terms 
of reductions from some reference year (e.g., “reduce greenhouse 
emissions to 80% of their 1990 levels by 2010”).
5. The ethical and epistemological aspects of the climate change 
problem are not addressed here. For further discussion, see, for ex­
ample, Brown (1992).
6. A recent survey of economists and scientists knowledgeable about 
the climate change problem elicited typical views at the extremes of 
this spectrum (Nordhaus, 1994a). One respondent argued, “the exis­
tence value of species is irrelevant - I don’t care about ants except 
for drugs,” while another cautioned that “loss of genetic potential 
might lower the income of the tropical regions substantially.” In Sec­
tion 5.5 we address the different types of values - use, option, exis­
tence - in moredetail.
7. But see below for a discussion of the difficulties of making cross­
country comparisons of costs.
8. There may also be some outcomes that are inefficient, namely 
those that lie inside the frontier of efficient points shown in Fig­
ure 5.1. Such an inefficient point is represented by option 6. This 
is discussed further in the presentation of multicriteria analysis, be­
low.
9. It should be noted that the algebra of cost-benefit analysis can be 
expressed in many different ways; the cost-benefit ratio, net present 
value, or the internal rate of return are all different ways of doing the 
arithmetic. However, particularly in situations involving portfo­
lios of potential actions, and where shortages of capital may con­
strain the choice, great care must be paid to rigorous application of 
the principles; otherwise, different methods may yield different 
decisions. Maximizing net present value subject to applicable re­

source constraints is the most useful approach for climate change 
analysis.
10. Perhaps the simplest and most intuitive example of why the mar­
ginal cost of emission reduction increases with increasing levels of 
reduction is the removal of pollutants from wastewater. The first 
60% can be easily removed by a settling basin; Large particles sim­
ply settle by gravity, and all that is required is a structure in which 
the process can take place. The next 30%, however, requires biologi­
cal treatment. This involves not just a physical structure, but pumps 
to aerate the water to promote the growth of aerobic bacteria. The 
next 5-6% requires chemical treatment, with high operating costs 
arising from the use of chemical agents. Although 100% removal is 
theoretically possible, it would require complete distillation, which 
is extremely expensive.
11. Although we show the marginal cost and benefits of emission re­
duction as linear in Figure 5.2, this need not be so. For example, 
where abatement costs are subject to economies of scale, there might 
be sections of the MAC curve that have a form other than that shown 
in Figure 5.2. But as noted elsewhere (e.g.. Figure 5.4), empirical 
studies of the marginal cost curves frequently do exhibit the stylized 
shapes shown in Figure 5.2.
12. The acidity of precipitation is influenced by complex interactions 
between sulphur oxides, related oxidation products, and NO^^.
13. For example, the presence of CFCs could affect climate change 
not only directly through their global warming potentials, but also in­
directly through the impact of stratospheric ozone depletion on 
biota-like nanoplankton - which in turn influence oceanic COj up­
take. Similarly, the degree of reliance on fossil fuels would affect 
CO, emissions directly and CO, absorption indirectly - via the ef­
fects of acid rain on forests and biomass.
14. There are some exceptions, notably for radioactive wastes, which 
also have extremely long lifetimes. Thus the total environmental 
risk, and the scale of the disposal problem at any one time, is not so 
much dependent on current rates of production of nuclear wastes as 
on the total stock.
15. IPCC (1995) estimates the lifetime of methane at 14.5 ± 2.5 years.
16. See, for example, Hoel and Isaksen (1993, 1994) for a further 
discussion and numerical calculations.
17. There are exceptions here as well, most notably the phenomenon 
of acid rain, which is largely a long-range phenomenon often involv­
ing emissions in one country and acid rain damage in another. How­
ever, to the extent that lake acidification completely destroys aquatic 
ecosystems, one could argue that at least some of the impacts are ir­
reversible, although even here the impacts are generally of a fairly 
local nature. Long time periods may also elapse between the onset of 
acid rainfall and actual visible damage.
18. For new data on emissions and acid deposition rates in Asia, see 
World Bank (1993).
19. To be sure, there are exceptions. Even the richer countries of Eu­
rope are affected by mutual pollution problems (e.g., acid rain in 
Scandinavia from the UK, or the severe water pollution problems in 
the Rhine Basin involving Switzerland, Germany, France, and the 
Netherlands, or the dumping of wastes in the North Sea). However, 
in most cases where international pollution issues involve richer 
countries, much better institutional mechanisms exist for addressing 
these problems (e.g., the EU in Europe) than are available for resolv­
ing environmental disputes between rich and poor.
20. For a discussion of the relationship between economic assistance 
for restructuring in Eastern Europe and assistance to guarantee de­
sired environmental standards, see, for example, Amman et al. 
(1992).
21. However, the indirect impacts (for example, large-scale immigra-
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tion from Mexico that might follow from agricultural devastation in 
that country) may ultimately prove to be much more serious for the 
U.S. than the direct consequences of sea level rise or higher energy 
bills for air conditioning, but such impacts are also very difficult to 
quantify and many regard them as speculative. Proper CBA analysis 
would correct for such distorted perspectives.
22. In some cases laboratory experiments - such as growing plants in 
CO,-enriched atmospheres - do provide some actual data for predic­
tions.
23. A recent UNEP review of greenhouse gas abatement costing 
studies concluded that “the state of abatement costing studies in de­
veloping countries is wholly inadequate even to draw preliminary 
conclusions concerning possible costs and the impact of different 
abatement options. It is a body of analysis which is only just begin­
ning, and which may take many years to mature towards consensus 
even on very rough estimates and understanding of the key issues” 
(UNEP, 1992).
24. See, for example, the review of eleven studies by London Eco­
nomics (1992).
25. See, for example, Moreira et al. (1992) for Brazil; Sitnicki et al. 
(1991) for Poland; or Meier et al. (1993) for Sri Lanka.
26. Unfortunately, there is some confusion in terminology with re­
spect to this point. Some (e.g., London Economics, 1992) use the 
term "no regrets" to describe policies for which MB > MAC, that is, 
for which the marginal benefits exceed the marginal costs. Others 
use the term only where MAC < 0, that is, for those options that are 
"below the line" in the empirical cost curves of the type shown in 
Figure 5.5. However, since on both the cost and the benefit side there 
will be some netting out (e.g., to account for joint costs and benefits), 
the criterion MAC< 0 is arbitrary, whereas MAC< MB is well de­
fined.
27. The fact that such “no-regrets options” are in fact observed is 
much debated. What may be calculated as monetary benefits need 
not necessarily be regarded as benefits by decision makers - there 
may be other, nonmonetary costs involved. The huge subsidies given 
to European agriculture illustrate the point that more than monetary 
benefits might affect decisions. In the case of developing countries, 
the unavailability of finance may constrain the ability to implement 
some of these options. For example, until recently, obtaining finance 
through export credits for power generation expansion has been 
much easier than financing energy efficiency measures.
28. These methodological problems have been recognized by the 
GEF, which has initiated a research programme to find an opera­
tional approach for measuring and agreeing on full incremen­
tal costs within the context of the Framework Convention on Cli­
mate Change. This is the so-called PRINCE study (Programme 
for Measuring Incremental Costs for the Environment); see King 
(1993).
29. Another problem here is that the concept of “least cost,” as well 
as the integrated planning process to achieve it, may be quite com­
plex (see, for example, Munasinghe, 1990; Meier, 1990; Crousillat, 
1989). Such a solution, typically obtained by fairly sophisticated op­
timization models, may be “least-cost” only for a very narrow band 
of input assumptions; and if these assumptions prove to be different, 
then an investment programme predicated on the “least-cost” plan 
may ultimately be distinctly nonoptimal.
30. In the words of King (1993),

How can the adoption of apparent win-win solutions be stimu­
lated? Such solutions are sometimes referred to as negative incre­
mental cost projects because they are economically viable in their 
own right. The dilemma arises because these projects are often 
not being funded. On the one hand, if the GEF restricts itself to 
those projects that have positive incremental cost while the bulk

of negative incremental cost options remains unfunded, it risks 
becoming irrelevant to the main solution to the global environ­
mental problem. On the other hand, providing grant finance for 
economically viable projects effectively makes a net transfer to 
the country, which is not the purpose of new and additional fund­
ing; worse, it provides a perverse incentive to potential recipient 
countries to delay economic reform.

31. This is likely to be true even though higher CO^ concentration it­
self may promote plant growth.
32. For further discussion, see, for example, IPCC (1990) or Lave 
and Vickland (1989). However, as also noted by Nordhaus (1994b), 
the fertilizing effect of atmospheric CO, is a particularly strong miti­
gating factor for agricultural nations, particularly where water is a 
limiting factor. Although the extent and quantitative importance of 
COj as a fertilization agent are controversial, the balance of the evi­
dence is positive.
33. See, for example, Glieck (1989) or Pachauri (1991).
34. This report identifies thirty-nine studies (or elements of studies) 
focussed on inventories of greenhouse gases, forty-eight studies of 
effects, and forty-six studies of mitigation.
35. For example, in a report prepared by the Tata Energy Research 
Institute for the India Ministry of Environment and Forests (TERl, 
1991), the chapter “Adaptive Strategies for India in the Perspec­
tive of Climate Change,” which elaborated on the impacts associ­
ated with given levels of sea level rise and mean temperature, was 
entirely qualitative in nature, and no cost estimates were at­
tempted. Similarly, neither the volume on climate change pub­
lished by the Asian Energy Institute (Pachauri and Behi, 1991) nor 
the country studies conducted by UNEP (reported in UNEP, 1992) 
contains any country-specific estimate of costs associated with 
specific levels of greenhouse gas accumulation in the atmosphere. 
The Asian Development Bank is currently sponsoring a multicoun­
try project in Asia that is attempting to establish costs of potential 
effects.
36. There are several related issues. For example, should one use 
nominal exchange rates, trade-weighted rates, or purchasing power 
parity rates in making cross-country comparisons of costs or im­
pacts?
37. The question of “green accounting” is one of valuing and aggre­
gating marketable and nonmarketable goods (see, for example. 
United Nations, 1993, or Munasinghe et a/., 1995). The many differ­
ent proposals for “green accounting” reflect the difficulties involved. 
Rather than speculate about valuation or poorly founded proxies for 
nonmarketable goods, MCA provides an alternative approach.
38. These results are for studies that estimate both emission reduc­
tions and GDP impacts relative to some baseline, i.e., relative to the 
trajectory of emissions'in the absence of the policies followed. For 
many countries, particularly the developing nations, even significant 
reductions from such baselines may still imply increases in the ab­
solute quantity of greenhouse gases emitted. Other studies report re­
sults in terms of greenhouse gas emissions in some future target year, 
relative to emissions in some prior year (e.g., 2010 emissions 10% 
less than 1990 emissions).
39. For further discussion see UNEP (1992), p.72. Studies that have 
examined the question of unilateral vs. multilateral approaches 
include Proost and van Regemorter (1990), Edmonds and Reilly 
(1985), and Rutherford (1992).
40. Additionally one might note that, although the environmental 
risks of current technologies are fairly well established, those that 
apply to new technologies - including some (such as fusion or new 
nuclear reactor cycles) that are sometimes proposed as solutions to 
the climate change problem - are less certain.
41. See Chapter 6 (Section 6.7) for a more extensive discussion of
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the secondary benefits of reducing greenhouse gas emissions. Re­
sults reported there range from $2/tonne of carbon abated to over 
$500/tC.
42. For example, in one alternative (the “Treaty Alternative"), Alfsen 
et al. (1992) estimated the loss in GDP at 3.1 billion Kroner and the 
loss of private consumption at 2.6 billion. However, joint product 
benefits were estimated at 2.4 billion (with a range of 1.0-3.8 billion).
43. For purposes of clarity, we have drawn only a single marginal 
cost curve (MAC) in Figure 5.7. It is quite possible, however, that 
different countries will also have different marginal cost curves (al­
though the differences in costs are likely to be smaller than the dif­
ferences in benefits).
44. For example, studies by Burgess (1990) and Larsen (1993) ad­
dress the impact of eliminating price subsidies. They estimate the 
level of reduction in greenhouse gas emissions by applying assumed 
price elasticities to the difference between the subsidized and unsub­
sidized prices. Burgess, using the difference between the actual aver­
age cost of electricity and the estimated long-run marginal cost 
(LRMC) and applying an assumed long-run price elasticity of-1, es­
timates the reduction in greenhouse gas emissions for eleven coun­
tries, including the U.S., China, India, and some small developing 
countries such as Tanzania and Peru. Not surprisingly, the bulk of the 
total carbon emission savings of 124 million tons/year (mtpy) comes 
from coal fuel savings, of which India accounts for 11.9 mtpy, China 
26.6 mtpy, and the U.S. 85.4 mtpy. Larsen, performing the same 
analysis but from the perspective of fuel prices, applies estimated 
own- and cross-price elasticities for the different fossil fuels to 
the difference between an appropriately adjusted border price and the 
domestic subsidized fuel price, and, more significantly, includes 
the countries of the former USSR and Eastern Europe. In this analy­
sis, the former USSR (917 mtpy) and Poland (105.2 mtpy) dominate 
the results; indeed, the combined estimated impact of India (54 
mtpy) and China (45.4 mtpy) together is less than that for Poland.
45. The GEF has recently introduced the term “type I project” for 
those which operate in the range AC (i.e., for which national eco­
nomic benefits are greater than national costs) and “type 11 project” 
for those in the range CD (i.e., for which national economic benefits 
are less than national economic costs, but global benefits are such 
that the project is Justified under GEF criteria). For further discus­
sion, and arguments for why the GEF should give priority to type 11 
projects, see, for example, Anderson and Williams (1993).
46. This is a partial list. Other problems include the assumption that 
noncarbon-based materials are benign with respect to the greenhouse 
gas problem, uncertainty concerning natural sources, and uncertainty 
over the spatial distribution of physical impacts.
47. See IPCC (1995), Chapter 6, for further discussion of uncertainty 
in future emissions.
48. One need only remember how dramatically growth rates and en­
ergy/GDP ratios fluctuated in the decade following the 1973 oil cri­
sis to recognize the hazards of such forecasts.
49. This issue is made more complicated by the fact that much defor­
estation is presently driven by the need to expand pasture land, 
which in turn implies higher methane emissions from livestock.
50. For a full discussion of uncertainty in emissions, see, for exam­
ple, Ebert and Karmali (1992).
51. See note 45.
52. The U.S. Nuclear Regulatory Commission has made repeated at­
tempts to establish probabilities for specific kinds of accidents 
through a technique known as fault tree analysis. Despite the appear­
ance of scientific rigour, the resultant probability estimates remain 
highly controversial. For examples of the use of cost-benefit analysis 
by the U.S. NRC, see, for example, Mubayi et al. (1991) or Abra- 
hamson et al. (1989).

53. Precautionary expenditures may also be influenced by aversion 
to catastrophic risks. A recent example is the hundreds of billions of 
dollars per year spent in the U.S. to avert nuclear attack.
54. Perhaps there is a possible role for financial markets in insuring 
(and pricing) environmental risks (Just as utilities can insure or self- 
insure against environmental damages caused by accidents at plant 
sites), but since the damage estimates related to climate change are 
very difficult to assess, the opportunities for such an approach seem 
limited, even if occurrence probabilities for various damages could 
be estimated more accurately.
55. If prices of marketed goods are distorted (e.g., due to arbitrary 
taxes and subsidies), it will be necessary to use shadow prices - usu­
ally the set of economic opportunity costs or efficiency prices - to 
determine their correct economic value (for details, see Dasgupta et 
al.. 1972; Little and Mirrlees, 1974).
56. It should be noted that the distinction between a mitigation mea­
sure and an adaptation measure may not always be clear cut.
57. “Preliminary results suggest that although U.S. crop production 
could decline, supplies would be adequate to meet domestic needs” 
(EPA, 1989). It might well be pointed out, however, that this reflects 
the very narrow perspective of the study: U.S. grain exports repre­
sent a significant supply of food for developing countries, and were 
the U.S. surplus to decline, developing countries might well be con­
cerned about the use of food exports as a political weapon.
58. Particularly difficult to value is the cost of forced adaptation and 
population movements - a problem already encountered in cost-ben­
efit analyses of the impact resulting from the creation of large reser­
voirs where significant numbers of individuals must be forcibly 
relocated (World Bank, 1994).
59. For further details, see Munasinghe (1993) and Pearce and War- 
ford (1993).
60. The issue of option values and irreversibility in CBA has re­
ceived increasing attention in the literature, starting with Arrow and 
Fischer (1974) and continuing more recently with Chichilnisky and 
Heal (1993).
61. For a recent overview of techniques suitable for valuing environ­
mental costs and benefits, especially in developing countries, see 
Munasinghe (1993).
62. The theoretically correct measure of WTP is the area under the 
Hicksian demand curve, which describes the relationship between 
the price and quantity demanded of the environmental resource, 
keeping the level of consumer utility intact. Problems of measure­
ment may arise because the commonly estimated demand function is 
the Marshallian one, which indicates how demand varies with the 
price of an environmental good, while keeping the user’s income 
level constant. In practice, it has been shown that the Marshallian 
and Hicksian estimates of WTP are in good agreement for a variety 
of conditions, and in a few cases the Hicksian function may be de­
rived once the Marshallian demand function has been determined 
(Willig, 1976; Braden and Kolstad, 1991). What people are willing 
to accept (WTA) in the way of compensation for environmental dam­
age is another measure of economic value that is related to WTP. 
WTA and WTP could diverge (Cropper and Oates, 1992). In practice, 
either or both measures are used for valuation.
63. Contingent valuation methods in particular are somewhat contro­
versial and need great care in their application to produce credible 
results.
64. One also needs to take note of the fact that this principle is also 
not universally accepted, particularly by political leaders. The princi­
ple that “past sacrifices ought not to be in vain” is frequently invoked 
as relevant to present decisions. Indeed, in the climate change de­
bate, developing countries correctly note that it is the developed 
countries that are largely responsible for the present levels of green-
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house gases in the atmosphere and that this past behaviour is relevant 
in the search for equitable solutions in the future. However, these ob­
servations point to the equity dimension of the problem and do not 
affect how one ought to seek the economically efficient options.
65. However, for a criticism of this argument, see Brown (1992), 
who points out that some European countries have already taken uni­
lateral action to reduce greenhouse gases in the hope that others will 
follow. Moreover, other game-theory paradigms have been proposed 
for modelling international environmental negotiations. For exam­
ple, Carraro and Siniscalo (1992, 1993) propose a “chicken game” 
framework belonging to the class of coordination games.
66. For a discussion of these issues, and a discussion of how CBA 
can make a contribution to the evaluation of such projects, see Aa- 
heim (1993). Concerns about “market justice” and related considera­
tions are outlined in Rose (1990).
67. Differential valuation of human lives is strenuously opposed by 
some: if a U.S. life is worth $1.5 million, then so is everyone else’s. 
On the other hand, when making comparisons of per capita GDP, 
economists are increasingly turning to purchasing power parity ad­
justments in an attempt to make more valid comparisons of eco­
nomic level. MCA avoids these difficulties by moving judgments 
about the value of human life from the domain of technical assess­
ment into the domain of political decision making, where such judg­
ments properly belong.
68. MCA deals with attitudes towards risk and uncertainty at this 
stage by the use of multiattribute utility functions, which explicitly 
capture attitudes towards risk. See Keeney and Raiffa (1976) for an 
application in water resource planning, or Keeney and von Winter- 
feldt (1987) for application to electric utility planning.
69. We note also that the trade-off analysis and surfaces will be much 
more complex as the number of attributes increases.
70. Decision analysis distinguishes among several types of domi­
nance - such as strict dominance and significant dominance. See, for 
example, Meier and Munasinghe (1994) for an application of these 
concepts to environmental decision making.
71. In general, the trade-off curve may extend into quadrant 11, and 
quadrant 111 may contain fewer solutions or none at all.
72. However, because of the presence of joint products - each repre­
sented by a different dimension in the multidimensional trade-off 
space - valuations that look only at two dimensions need to be inter­
preted with some caution.
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Submission on 
nf a Mew T.eaal Instrument 

(October 15, 1996)

General
In the U.S. view, the new legal instrument should respond 

effectively to the threat posed by global climate change, 
should reflect outcomes that are real and achievable; should be 
consistent with economic prosperity; should allow for maximum 
flexibility and cost-effectiveness in its implementation; and 
should lay the foundation for continuing progress by all 
countries.

Meeting the ultimate objective of the Convention will 
require concerted, long-term efforts by all Parties, while it 
is important for developed countries to take the lead, it is 
also essential that the Kyoto agreement recognize the Showing 
contribution of developing country emissions and begin to plan fo? appropriate, cost-effective ways to address these emissions 
in a sustainable manner. In this connection, at COP-2 the 
United States called for continued work toward a longer-term 
concentration goal (e.g. for the next 50-100 years), 
recognizing that scientific understanding and technology will
improve over time.

In putting forward these suggestions for a new legal 
instrument, the United States has rejected proposals by some 
countries calling for short-term targets that we believe could 
not be realistically achieved, we have also >^®3ected the use 
of inflexible, harmonized policies and measures. In the spirit 
of providing individual countries greater flexibility in 
meeting any agreed upon limitations,critical that flexibility in implementation be accorded all 
countries, including through emissions trading and joint 
implementation among nations.

We believe that the following elements would serve as a 
useful basis for the consideration of topics that would need to 
be included in a new legal instrument. Given the continuing 
uncertainties surrounding the form of such an 
have noted particular aspects of these issues that may differ 
depending on whether the Parties choose a protocol or an 
amendment to the FCCC to codify their agreement.
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Exeamblfi
If the legal instrument takes the form of a protocol, it 

miaht include a preamble. If it takes the form of an amenLent, it would not, although the decision adopting the
amendment could. 

np»f i nitions
A protocol would need to incorporate some or all of the 

definitions in Article 1 of the Convention, include its own 
definitions, or some combination of the two. An amendment, to 
the extent it introduces new terms, might also require 
amendment of Article 1.

An amendment would, and a protocol should incorporate the 
objective in the Convention; we do not believe it is either 
necessary or desirable to develop a separate objective for this 

legal instrument.

1‘pAv^l pTiii Structure of the Target
The Geneva Declaration calls for a legally-binding target

lit nego^?aainraray'f?om"inJeaUs?ic; near-?Lm°poposals "to 

medium-term targets that are both realistic and achievable.
The Berlin Mandate calls for adoption of the protocol/other 

legal instrument at COP-3, making calls to date 
differentiated commitments in this timeframe impracticable. 
Therefore, it will be important that the target/timetable be 
sufficiently specific (to facilitate compliance), flexible in 
terms of its implementation (to encourage broad participation) 
and straight-forward (to ensure negotiation and adoption by 
COP-3). AS we noted at COP-2, the United States opposes 
efforts to develop inflexible, harmonized policies and measures

A number of ideas and approaches have been suggested thus 
far in the discussions within the Ad Hoc Group on the Berlin 
Mandate (AGBM). Many of these ideas .
focused on a single-year target, but *'®.^®^^®Y®. 
important to consider a broader range of possibilities (e.g., 
cumulative or aggregate targets, multiple-year rolling average 
targets, flexibility over time through banking or
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borrowing, etc.) We anticipate that more such ideas and 
approaches will be tabled and considered as we work toward a 
new legal instrument for adoption at COP-3.

The United States is continuing its domestic analysis and 
assessment efforts so as to contribute to this discussion in 
upcoming negotiating sessions.

Artvaneina Article 4.1 Commitments
"Continuing to advance the implementation of Article 4.1 

commitments" will be a critical component of next steps and 
must be reflected in the Kyoto agreement. Given the global 
nature of this problem, we must work together toward a global 
solution, recognizing our common but differentiated 
responsibilities and capabilities. A number of assumptions 
underlie U.S. views on next steps:

• Article 4.1:
Applies to all Parties;
Speaks to issues ranging from inventorying emissions, 
to reporting, to adopting policies and measures;

Speaks to the requirement to promote the development 
and diffusion of technologies;

• The Convention anticipates that the status of countries 
will evolve over time (e.g.. Article 4.2(f))

• Paragraph 2.b of the Berlin Mandate governs what will be 
included on this issue in the Kyoto agreement
Bearing in mind these assumptions, there are a number of 

approaches that can be taken through a new legal instrument. 
For example, the Parties could agree to:
• continued and more systematic support for efforts to 

develop national action plans (particularly in developing 
countries) following the revised Annex I Guidelines for 
National Communications and the newly adopted Non-Annex I 
Guidelines for Initial Communications

• redoubled efforts to adopt and implement "no-regrets" 

measures
• expanded programs aimed at developing, diffusing and 

deploying climate-friendly technologies (including through
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systematic efforts to identify and remove barriers to 
technology diffusion and to enhance the role of 
international financial institutions in responding to the 
threat of global climate change)

• further consideration of thresholds at which the status of 
countries would change, and the process involved in such a 

change in status
• further consideration of future steps (post-Kyoto) toward 

the objective of the Convention

Tnternat-ional RmiKsions Tradinq/Joint Implemeiitatiflll

In the U.S. view, emissions trading/joint implementation 
will be an essential element of the Kyoto agreement; it will 
therefore be a priority task to establish the guidelines for a 
credible emissions trading/joint implementation regime by 
December 1997.

We believe that emissions trading and joint implementation 
regimes will motivate parties to achieve and strengthen 
national commitments to reduce or limit greenhouse gas 
emissions because the cost savings potential in these types of 
programs can achieve more environmental protection than less 
flexible, less cost-effective regimes.

Various design questions will need to be resolved by the 
Kyoto Conference, including, for example, whether inter-gas 
trading will be allowed; how trades would most effectively be 
monitored and reviewed; what distinctions might be drawn with 
respect to participation in an emissions trading/joint 
implementation regime (e.g., absent national targets, could 
project-specific baselines be used?)

A number of principles must underlie an emissions 
trading/joint implementation regime. At a minimum, such a 
regime must be efficient, transparent and verifiable.

Tn«t:i tut ions
For reasons of administrative efficiency and in light of 

budgetary constraints, a new legal instrument should utilize 
existing institutions to the maximum extent practicable.

A protocol would need to specify its institutions. In the 
case of an amendment, the institutions established under the 
Convention would apply. (Note: We do not believe it would be
appropriate for non-Parties to a protocol to be officers of an 
institution serving the protocol.)
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ConiP^ 1 ance
the clSstirof''?rocesses/inechaniLrtLt provide incentives for 

^he Pa??ies to abide by their legal conunitments.

Ensuring effective compliance will be critical 
environmental as well .^^^Scen^vl^^ acf ard%rwru not

inst.u.ent ana encourage
"free-riding."

elaborating existing reporting and review mechanisms.

wouinrioe‘renrtrci^n"nt?SnTS
::iLna?ir^roirs“?Safm?rbrbr-^IEti^h^d”“^rprotocol

compliance-related provisions.

Pftfri w i on—Making
oniv the Parties to the protocol or amendment should have aecis?iLmaLn“aitLrity wi?h respect to that Instrument.

pinal Clauses
a nrntocol would need to contain several final clauses, 

in the Convention.
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Reflections on the Economics of 

Climate Change ^

William D. Nordhaus

A Ibert Einstein’s reaction to quantum mechanics was “God does not play 
£j^ dice with the universe.” Yet mankind is playing dice with the natural 

JL JILenvironment through a multitude of interventions—injecting into the 
atmosphere trace gases like the greenhouse gases or ozone-depleting chemicals, 
engineering massive land-use changes such as deforestation, depleting multi­
tudes of species in their natural habitats even while creating transgenic ones in 
the laboratory, and accumulating sufficient nuclear weapons to destroy human 
civilizations. As natural or social scientists, we need to understand the human 
sources of these global changes, the potential damage they cause to natural and 
economic systems, and the most efficient ways of alleviating or removing the 
dangers. Just as towns in times past decided on the management of their 
grazing or water resources, so must we today and in the future learn to use 
wisely and to protect economically our common geophysical and biological 
resources. This task of understanding and controlling interventions on a global 
scale can be called managing the global commons.

The issue analyzed in this symposium is the threat of greenhouse warming. 
Climatologists and other scientists warn that the accumulation of carbon diox­
ide (COj) and other greenhouse gases is likely to lead to global warming and 
other significant climatic changes over the next century. Many scientific bodies, 
along with a growing chorus of environmental groups and governments, are 
calling for severe curbs on the emissions of greenhouse gases. In response, 

'^governments have recently approved a framework treaty on climate change to

■ William D. Nordhaus is A. Whitney Griswold Professor of Economics and on the staff 
of the Cowles Foundation, Yale University, New Haven, Connecticut.
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monitor trends and natural efforts, and thb treaty formed the centerpiece of 
the Earth Summit held in Rio in June 1992.'

Natural scientists have pondered the question of greenhouse warming for a 
century. Only recendy have economists begun to tackle the issue, studying the 
impacts of climate change, the cosu of slowing climate change, and altenjarive 
approaches for implementing policies. The intellectual challenge here is daunt­
ing for those who take policy analysis seriously, raising formidable issues of 
data, modeling, uncertainty, international coordination, and institutional de­
sign. In addition, the economic stakes are enormous, involving inves/ments on 
the order of hundreds of billions of dollars a year to slow or prevent climate 
change.

My purpose here is to provide a non-technical introduction to the eco­
nomics of climate change. I will sketch the scientific background and uncertain­
ties, survey the results 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 Scientific Background

What is the greenhouse effect? It b the process by which radiatively active 
gases like COj selectively absorb radiation at different poinu of the spectrum 
and thereby warm the surface of the earth. The greenhouse gases are transpar­
ent to incoming solar radiation but absorb significant amounts of outgoing 
radiation. There is no debate about the importance of the greenhouse effect, 
without which the Earth’s climate would resemble the moon’s.* '

Concern about the greenhouse effect arises because human activities are 
currently raising atmospheric concentrations of greenhouse gases. The major 
anthropogenic greenhouse gases are carbon dioxide (emitted primarily from 
the combustion of fossil fuels), methane, and chlorofluorocarbons (CFCs)—but 
of these COj b likely to be the most significant over the coming decades. 
Scientific monitoring has firmly established the buildup of the major green­
house gases over the last century. Using the standard but problematical metric 
of the “CO2 equivalent” of greenhouse gases,* atmospheric concentrations of 
greenhouse gases have risen by over half of the preindustrial level of COj.

While the historical record is well established, there is great uncertainty 
about the potential for future climate change. On the basis of climate models,

■^Formally known as the United Nations Conference on Environment and Development (UNCED). 
the Earth Summit was the culmination of an effort to reach international agreements on climate, 
forest, biodiversity and biotechnology, as well as to develop principles for environmentally sound 
economic development.
A non-technical description of the science underlying the greenhouse effert is contained in 

National Academy of Sciences (1992). A thorough survey, full of interesting figures and back­
ground, is contained in IPCC (1990).
^Because greenhouse gases have differing lifetimes, combining them into a single index of their

CO._. equivnlciit" poses complex srieruKir jiicl economic qiiesiions. ,is Sclimalensee (1993) shows.

MSI:
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Figure 1
Projections of Global Temperature Increase: 
IPCC Report and DICE Model

,900 1950 2000 2025 2050 2075 2.00

Voz.- IPCC Report i, from Intergovernmental Panel on Climate Change (1990). while DICE m^el

from 1900. ^

scientists project that a doubling of the atmospheric concentrations of CO^ will
r„T,Sum lead <o a warming of .he ear.h. .urface of 1 .o 5 ^

Other projected and equally uncertain effects include an increase in
uon a^d evaporation, a small rise in sea level over the next
potential for hotter and drier weather in mid-continential
U.S. midwest. Atmospheric scientists have engaged m a spirited debate abou
the climatic impact of increasing greenhouse-gas concentrations, but it is
unlikely that the uncertainties will be resolved until this vast geophysical

^’‘^ToTan^ate'ILse equi^brium results into a projection of future climate 

change requires a scenario for emissions and concentrations. Using rudimen­
tary Lnomic modeling, the Intergovernmental Panel on 

IPCC), an international panel of distinguished scientists, .
ness as usual” would produce a 3 to 6 degree C warming in 2100 
1900) with the best guess being 4 degrees C. The dashed lines in Figure 1 show
the high, best, and low estimates from the IPCC.

I have recently used a dynamic optimization model (the DICE mode . 
described more fullv later in this paper) to develop a distribution of future

m

iim
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temperature increases. Figure 1 shows as soUd lines the 10th ^ nn u
percentiles of the temperature-increase distribution from the DICE mL I i

*rsssz."t
Impacts of Climate Change

c™.u'!!'”x"L*' of ProJ«t«l cUmate change, over Uie nex.

SH#i^|pSs=growing seaa>„. ^ of daylighi. die seasons, and .he agricultural

the resul! te^^ . "ccompany or are
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determines the more imporunt variables. Moreover, it must be emphasized 
that impact studies are in their infancy and that studies oflow-income regions 

are virtually non-existent.
Existing research uses a wide variety of approaches including time-senes 

analysis, engineering studies, and historical analogs. Climate change is likely to 
have different effects on different sectors and in different countries.^ In gen­
eral, those sectors of the economy that depend heavily on unmanaged ecosys­
tems—that is, are 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 Uke 
Japan or the United States are relatively insulated from climate change while 
developing countries like India are more vulnerable.

This survey of impacts will concentrate primarily upon the United Sutes, 
because that is where the evidence is most abundant. In reality, most of the 
U.S. economy has little direct interaction with climate. For example, cardiovas­
cular surgery and parallel supercomputing are undertaken in carefully con­
trolled environments and are unlikely to be directly affected by climate change. 
More generally, underground mining, most services, communicauons, and 
manufacturing are sectors likely to be largely unaffected by climate 
change—sectors that comprise around 85 percent of GDP.

A few studies have estimated the impact of an equilibrium CO, doubling 
(2.5 to 3 degrees C) on the United States, and the results of three such surveys 
are shown in Table 1. The first column of Table 1 shows the results of 
Nordhaus (1991) updated to 1988 prices. The other two comprehensive studies 
by Cline (1992) and Fankhauser (1993) use largely the same data base but 
extend the Nordhaus analysis to other sectors. The convention used in most 
damage studies is to calculate impacts in terms of today s level and composition 
of output. Hence, the $53 billion estimate of damage from COj doubling 
estimated by Cline and shown in Table 1 superimposes the estimated impacts 
that would occur roughly a century from now upion today s economy.

Cline has performed the most detailed economic analysis of the potential 
impact of climate change on a number of market and non-market sectors, and 
the overall results are shown in the second column of Table 1. While Cline 
examined a wide variety of possible impacts, many of the estimates are ex­
tremely tenuous and may lean toward overestimating the impacts. For exam­
ple, Cline’s estimates of the impact of losses from storms assume that storms 
become more severe, whereas both the IPCC and the NaUonal Academy studies 
concluded that the effect of warming on storm intensity is ambiguous. Another 
example is leisure activities, where he includes only losses to skiing but excludes 
any gains from the much larger warm-weather industries such as camping,

^An early review, emphasizing the potential costs of climate change, is contained in EPA (1989). A 
more balanced approach, emphasizing the potential for adaptation, is contained in National 
Academy of Sciences (1992).

i’i
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TabUl
^mparison of Estimate* of Impact of Global Warming on the United Sutw 
Impact on Incomes of CO, Doubling 
(in billions of 1988 U.S.doUan per year)

Nordhaui

Heavily affected secton 
Agriculture 
Coastal areas 
Energy

Other scinors 
Wetland and species loss 
Health and amenity 

Other

Total: billions of $ , 
{Percent of output)

1
10.7
0.5

38.1
b
b

b

50.3
!.0

Cline

15.2
2.5
9

7.1
8.4

11.2

53.4
/./

‘Inferences are Nordhaus (1991), Cline (1992), Fankhauser (1993). 
These are included in the total for “other sectors.”

Fankhauser

7.4
2.3
0

14.8 
30.3 
12.1

66.9 
IJ '

boatmg, and swimming. In agriculture. Cline relies on estimates that involve 
htde or no adaptation. For heal^ effects. Cline bases his estimates on a study 
that virtuaJly ignores adaptotion. For species loss. CUne tokes-a very costly 
deasion (that of the Northern spotted owl) and uses that as the basis for 
valuauon. Even with this tendency to see the pessimistic side of global warming. 
Clines estimates of impacts are only marginaUy above those found in other 
studies (11 I^reent of GNP for a 2.5 degree C warming in Cline.'as opposed to 
1 percent of GNP for a 3 degree warming in Nordhaus).

A third approach is a compilation by Fankhauser (1993). This study 
employs much the same methodology as Nordhaus and Cline but uses addi­
tional studies and extends the analysis to the OECD countries and to the world 
Fankhauser s results are very close to those in earlier studies, finding a
1.3 percent impact of a 3 degree warming for the United States.

A full assessment of the impact of greenhouse warming must, of course 
include regions outside the United States. To date, studies for other countries 
are fragmentary, and it is not possible to make any general conclusions at this 
time. A preliminary reading is that other advanced industrial countries will 
experience modest impacts similar to those of the United States, and some may 
even have net economic benefits; for example. Fankhauser (1993) extends his 
analysis and estimates losses from CO, doubling of 1.4 percent to OECD 
countries and 1.5 for the world. Another estimate, more qualitative in nature, is 
an intensive survey of experu on the economic impaas of climate change

*
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Impact. whUe the median estimate of the 90th percentile of outcomes is for a

^rUiese^studies indicate^the great uncertainty about the impact of climate • 

rhanee More recent analysis suggests that the studies reported in Table 1 may 
well overestimate the impact of climate change because they igriore many ways 
in which economies can adapt to changing climate. One kind 
ignored in most studies is the buffering of shocks by trade A study by Reilly 
and Hohmann (1993) begins with the results of agricultural production- 
function studies such as those used in Table 1; these studies estimate the impact 
of climate change on crop yields in individual regions^ These yield «t«mates are 
then imbedded in a model of international trade. 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) yield shock in temperate regions, 
buffered by the adaptive response in markets, produces a negligible impact on 
incomes: 0.06 percent of income for the U.S. and 0.08 percent loss for the 
world over a period of nearly a century. This careful study is a good lesson on 
how impact estimates often tend to exaggerate losses while ignoring gams and

^^^^Wher approach to measuring impacts is a “Ricardian" analysis that 
estimates the rents to climate in particular climate zones and then uses these to 
estimate the impact of climate change on income. The Ricardian approach is 
useful because it allows all forms of adaptation, whereas the production- 
function approaches omit all but a few forms of adaptation to changing climate. 
A study brMendelsohn. Nordhaus. and Shaw (1993a. b) developed such an 
approach by examining the impact of cUmate on U.S. agriculture. This study 
uses cross-sectional dau oh climate, farm-land prices, and other economic and
geophysical data for almost 3000 counties in the United Slates

Applying the model to a global-warming scenario found a range of im­
pacts. The traditional analysis of global warming analyzes the impact upon the

*One might suspect that there is often an unconscious impulse to find costs “"d •g""''' 
climate cLnge A comparison of two sets of studies is instructive in this respect, inmost two decades

.O ornighu i" ^ ‘“S'”™""
irlobal cooling Studies by d'Arge and others (summarized in National Research CouncU. 1979) 
fouL that global cooling of I* C would impose costs in a number of areas. Of the nine areas of costs 
denfified in the gloJ cooling studies (agriculture, forest products, marine resources, health. 
iSonal "references, fuel dem^and. housing, public expenditures, and J ^
examined in the 1989 EPA study of global warming and none were calculated by the EPA 
produce benefits. The largest estimated cost in the global cooling studies was the amenity efle« of

d, Jgh r.gion.1 ..g. diftr.mial., TTi. i«pk TT d
EPA studies. One is tempted to say that environmental impact studies can find the cloud behind 

every silver lining.

-v' i-.-.v -r V;- -
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grains. Under thb approach, the Ricardian model finds annual losses ranging 
fi-om $6 to $8 billion annually (without CO, fertilization in 1988 prices at 1988 
leveb of &rm income). This can be related to gross farm income in 1982 of 
$175 billion. Strikingly different results emerge if we use a broader approach 
which includes all agricultural crops. For these, the net impact of warming b 
slightly positive, ranging from a loss of $0.7 billion to a gain of $2 bilUon per 
year. The differing results arise because the broader approach weights r£- 
tively more heavily the irrigated lands of the American West and South that 
thnve in a Mediterranean and subtropical climate, a climate that will become 
relatively more abundant with a warmer climate.

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

The Balancing Act in Climate Change Policies

The greenhouse effect b the granddaddy of public goods problems—emis­
sions affea climate globally for centuries to come. Because of the climate 
externality, individuals will not produce the efficient quantity of greenhouse 
pses. An important goal of economic research is to examine policies that will 
find the right bajance, on the margin, of costs of action to slow climate change 
and the benefits of reducing future damages from climate change.

The benefits of emissions reductions come when lower emissions reduce 
^ture climate-induced damages. To translate these into a marginal benefit 
fiincuon. It is necessary to follow the emissions through greenhouse-gas concen- 
trauons to economic impacts, and then take the present value of the impact of 
an emission of an additional unit. Graphically, we can depia the marginal 
damages averted per unit of emissions reduction as the downward-slopine 
marginal benefit (MB) curve in Figure 2.

The second relationship b the marginal cost of emissions reduction, which 
portrays the costs that the economy undertakes to reduce a unit of greenhouse- 
gas emissions (or the equivalent in other policies that would slow greenhouse 
warming). A wide variety of approaches are available to slow climate change 
Most policy discussion has focussed on reducing CO^ emissions by reducing the 
consumption of fossil fuels through energy conservation, alternative energy 
sources (some would even contemplate nuclear power), and other measures. 
Such policies could be implemented through carbon taxes of the kind James 
Poterba analyzes in this symposium, while some prefer regulations such as 
tradable emissions permits. Other approaches include reforestation to remove 
COj from the atmosphere and putting even more stringent controls on CFCs.

mm

^ i ( m.
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Cost, and BeneliU of Cr^tnhoOM^., Emissions CooWls

Emissions reduction (r)
. nssin. E where marpnal cost of further emissions reduction (MC) 

Srbon tax whUe r* is the efficient reduction rate.

Another oDtion definitely not in the environmentally correct package.

;gss£?“si=“
• Th. of gooo,.smoorin« J«=o.W .o N.o.o.l Ac.d™v of S<i.n,c. (1992. Ch.p.c, 281.
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Empirical Modeling of Optimal Policies

Daoef tnd ‘“'i^ “ ^ P«"dl.
w!^r.T > ™<l™=na,y undarstanding ofaconomia. To mo»o from ihaon,
to uacful empincal modela rcquirea undersunding a wide variety of empiric^
whe”rn' “ Work hat progressed to the point
InTl >"<i “tural science can be integrated to esUmate optimal
dme^htT’’ I’ ' ““•'■'nelit analytis for
determining the optimal steadystate control of CO, and other greenhouse
?<»T) “’"Pf™"' fr""«»ork shown in Figure 2 (Nordhaus,
thm?.' T^“ “a ’ "■“-‘I'-of-'h-ftoatl conclusion that the

pa«“f cCfcZgr™'"* ““ “P’ “
"DICE m°Zr"n“ ’PP">“'*'

DICE mod^ shorthand for a Dynamic Integrated Model of Climate and the
esu°madn th model is a global djfnamic optimization model for
Zraonro h°'’“ s'”! “f''“‘‘‘'tinns of greenhouse-gas emissions. The
aZXT “c w °P''™' P»“' f»' capimi accumulation

(1928) »f the Ramsey
nreied ■"teriemporal choice. The resulting trajectory can be inter-

echnologies; an alternative interprelation is as a competitive market equilib- 
num in which extemahlies or spillover effects are corrected using the appropri- 
ate social prices for greenhouse-gas emissions. HP P
orodl!!!^ model asks whether to consume goods and services, invest in 
produmve capital, or slow climate change via reducing greenhouse-gas emis-
isTe maximizes an objective funaion that
IS the discounted sum of the utilities of per capita consumption. Consumption

" conventional set of economic relationships
b?a ne^®r ^^Pi‘al-balance equation, and so forth) and
by a newly developed set of aggregate geophysical constraints (interrelating
cTs oTabr"'^’ g"*/'"i«ions and concentrations, climate change '
costs of abatement, and impacu from climate change). ^

The b.)sic niodfl ;i„cl rcMilis .ii,.- prc-M-iiurl m Nnniluuis (I <J<)'.>,, |,) ^,1,,^. ,,,
.Iiul .iiulvsis .irc liiiili(,„,ii„,^r in ( |'i-i ;,,| iipIcTf (l(i(Tiiiiciuaii,,n
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^(ScuUted Carbon Taxes for Three Policies

Carbon Tax Rale
(Tax in $ per ton C equivalent)

1000 T

Stabilize climateEconomic optimum

^;r„TL1l) rd“r„ previous paragraph;
(I) subiWng gr-nhou«.gas .mission, at 1990 kvels, a urg« that was en- 
dorsad at dte L Earth Summit by the Unitad Statas and othar govarnmants 
a^d 3) stabilizing climata so that tha changa in global avaraga «mpara ura ,s 
limitad to no mora than 0.2 dagraa, C par dacada wi* an ultmata limitation 
1 5 deerees C (compare this with the projections in Figure U.

Solving the DICE model for the three policies just described produces a 
time sequence of consumption, investment, greenhouse-gas emissions, and 
caTborres The carbon iaxes can bc interpreted as the taxes on greenhouse- 
gas emissions (or the regulatory equivalent, say in auctionable emissions rights) 
Lt would lead to the emissions that would attain the policy objectives just

'*'“Sa 3 shows rha rasulung carbon taxes. For ■i«on purposas in tha 

United States, a carbon tax of $100 per ton would raise coal pnees about $70 
per ton or 300 percent; would increase oil prices by about $8 per barrel, and 
would raise around $200 billion of revenues (before taking account of emission 
rlcZl The economic optimum produces relatively modest carbon taxes
Hsing from around $5 per ton carbon to around $20 P-^ ^y ^
next century. The stabilPzation scenarios require much more stringent re 
straints For^emissions stabilization, the carbon tax would rise from around $40 
per ton of carbon currently to around $500 per ton late in the next century;

-U. :
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climate subilizadon involves current c^bon taxes over $100 per ton carbon 
today nsmg to nearly $1000 per ton by the end of the next cen^ry.

The DICE model can also be used to inquire into the esdmated net 
economic impaa of alternadvc poUcies. For the global economy, the economic 
opumum has a net benefit over no controls for the global economy (in terms of 
the discount^ present value measured in 1990 consumpdon units) of $270 
billion. On the other hand. subUizing emissions or climate imposes major net 
economic costs. Subilizing emissions leads to a net present-value loss of ^ound 
$ trillion relauve to the optimum, while attempting to stabilize climate would 
have a net present-value cost of around $41 trillion. If these present value 
hgures are converted into consumpdon annuides using an annuity rate of

percent per annum, these strategies represent, respeedvely. a gain of
"1^ °r '•? ““ >""“>* “Ortdoutput It would take a major misestimate of either the costs of emissions 

reducuons or of climate-change damages to make the stabilizadon opdons 
economically advantageous. .

Several o^er econbmic studies have also calculated efficient approaches to 
slowing global warming. The studies of Manne and Richels (1990, 1992) Peck 
and Teisberg (1992), and Kolsud (1993) find conclusions roughly similar to 
those reported here. Other studies-those of Kolsud (1993) as well as earlier 
studies by the present author (1979. 1991)-also determine the optimal emis­
sions control rates and carbon taxes and show opdmal policies in the general 
range of those determined here. *

Two stuffies derive quite different results, one more opdmisdc, one more 
pessimistic. The studies by Jorgenson and WUcoxen (1991, most strikinirly) 
show a lower «:t of carbon Uxes needed to subilize greenhouse-gas emissLs 
than those shown here; the reason for the lower carbon Uxes seems to reside
n ooof ■" economic growth. By contrast, the study by Cline
(1992) proposes much higher control rates. The more stringent controls in the 
Uine study are due to a number of features-primarily because the Cline 
result is not grounded in explicit intertemporal optimization’and assumes a 
rate of time preference that is lower than would be consistent with observed 
real interest rates. Clearly, if we arbitrarily assume a near-zero discount rate (as 
Cline does), society will underuke massive investments in Ungible. human and 
environmenul capiul; who will do all this saving is an unanswered question

Uncertainties and Anxieties

Most economic studies of the impacts and policies concerning climate 
change arc based on scenarios like the smooth and gradual warming depicted 
in Figure 1. And, as indicated in the last section, the conclusion that emerees 
from most economic studies is to impose modest restraints, pack up oUr tods 
and concentrate on more pressing problems. Given the high costs of controls

a
... • --- ...
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d the modest projected impacts of a 1 to 3 degree C warming over the next
century, how high should global warming be on an international agenda 

that includes exploding population in the South, nuclear proliferation in the 
Middle East, collapsing economies in eastern Europe, increasing cycles of 
poverty and drug use along with stagnating incomes in the West, and sporadic 
Mtbreaks 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 downplay the urgency of the most likely scenarios 
for climate change, a deeper anxiety remains about future uncertainties and 
surprises. Scientists raise the specter of shifting currents turning Europe into 
Alaska, of mid-continental drying transforming grain belts into deserts, of great 
rivers drying up as snow, packs disappear, of severe storms wiping out whole 
populations of low-lying regions, of surging ice sheets raising ocean levels by 20 
to 50 feet, of northward migration of old or new tropical pests and diseases 
decimating the temperature regions, of environmentally induced migrauon 
overrunning borders in search of livable land. Given .the potential for catas­
trophic surprises, perhaps we should conclude that the major concern lies in 
the uncertainties and imponderable impacts of climate change rather than in 
the smooth changes foreseen by the global models.

At present, we do not have the scientific basis for making a firm judgment 
of the likelihood of one of these catastrophic outcomes. In the survey discussed 
above (Nordhaus, 1993b), experts were asked about the probability of a 25 
percent sustained loss in global income from a 3-degree C warming in 2090 
(scenario A) and a 6-degree warming in 2175 (scenario B). The median 
estimated probability of this catastrophic outcome was 0.5 percent for scenario 
A and 3 percent for scenario B. On the other hand, the assessment of the 
catastrophic scenarios varied greatly across respondents and particularly across 
disciplines. For scenario B, according to the most pessimistic quartile of respon­
dents, the mean probability of this catastrophic outcome was 40 percent. The 
more pessimistic assessments generally came from natural scientists while the 
more sanguine views were held by mainstream economists.

Once the door is open to consider catastrophic changes, a whole new 
debate is engaged. If we do not know how human activities will affect the thin 
layer of life-supporting activities that gave birth to and nurture human civiliza­
tion, and if we cannot reliably judge how potential geophysical changes will 
affect civilization or the world around us, can we use the plain vanilla cost- 
benefit analysis (or even the Haagen-Dazs variety in dynamic optimization 
models)? Should we be ultraconservative and lilt toward preserving the natural 
world at the expense of economic growth and development? Do we dare put 
human betterment before the preservation of natural systems and trust that 
human ingenuity will bail us out should Nature deal us a nasty hand?

Faced with this dilemma, we might be tempted to say that such questions 
are beyond the capability of rational analysis and turn the decisions over to

.1
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and poliliciam, Radier, I Miave that natural and social sciences

dZror“;s;^‘trd!“l;j,tr
ZtZt “f •*' »Pi"« *e e“p”^

c^£Xrequire crossing traditional disdnlinarv oaen In th^bking

_____ a.* .

or -/ -..a., at,, uuicr areas, although it may be r 
i^uire C^,ng tradiUonal disciplinary boundaries more
b«Z^ TTT' ■«VeTmu;; 3

-----t'^r.



nces 
icat- 
thc 

^ oil 
sion 
nces 
cur, 
osts 
the

ate-
ind
*ng
ists
ing
► to
To
:he
tch
ng
of

William D. S'ordhaus 25

1
Y

\

Reference*
Cine, William. Tiu Economcs of Global 

Warming- Washington D.C.: Institute of Inter-
Miional Economio. >992

EPA. "US Environmenul Proiecuon Agen- 
„ ^ Potential Effects of Global annate Change 
„ tht UntUd States.- Report to Congress. EPA- 
230-05-89-050. December 1989.

Fankhauser, Samuel, "The Economic Costs 
nf Global Warming: Some Monetary Esti­
mates." In Kaya, Y.. N. Nakicenovic. W. D. 
Nordhaus, and F. L. Toth, tds.. Costs. Impacts, 
and BenefUts of CO, Mitigation, Uxenburg. 
Austria: International Insutute for Applied 
Systems Analysis. CP-93-2. 1993. 85-105.

Caaldns, Dariua W., and John P. Weyant, 
"Model Comparisons of the Costs of Reducing 
CO» Emissions," American Economic Review Pa­
per, and Proceedings, May 1993. «:2. 318-30.

IPCC, Intergovernmental Panel on Climate 
Change. OimaU Change: The IPCC Scientific 
Assessment. J. T. Houghton, C. j. Jenkins, and 
j. J Ephraums. cds.. New York: Cambridge 
University Press, 1990.

Jorgenson, Dale W., and Peter J, Wilcoxen, 
“Reducing U.S. Carbon Dioxide Emissions: 
The Cost of Different Goals.” In Moronery, 
John R., ed.. Energy, Growth, and the Environ­
ment. Greenwich: JAl Press. 1991. 125-28.

Kolsud, Charles D„ "Looking vs. Leaping. 
The Timing of CO, Control in the Face of 
Uncertainty and Learning." In Kaya Y., N. 
Nakicenovic, W. D. Nordhaus. and F. L. Toth, 
eds.. Costs, Impacts, and Benefits of CO, Mitiga­
tion. Laxenburg, Austria: International Insti­
tute for Applied Systems Analysis. CP-93-2. 
1993, 63-82.

Manne, Alan S., and Richard G. Richels,
“CO, Emission Limits: An Economic Cost 
Analysis for the USA." The Energy Journal, April 
1990. //:2. 51-74.

Manne, Alan S., and Richard C. Richels, 
Buying Greenhouse Insurance: The Economic Costs 
of CO2 Emission Limits. Cambridge: MIT Press. 
1992.

Mendelsohn, Robert, William Nordhaus, 
and Dai Gee Shaw, " The Impact of Climate 
on Agriculture: A Ricardian Approach." In 
Kaya, Y., N. Nakicenovic, W. D. Nordhaus, 
and F. L. Toth. eds.. Costs, Impacts, and Benefits 
of CO, Mitigation. Uxenburg. Austria: Inter­
national Institute for Applied Systems Analy­
sis, CP-93-2, 1993a. 173-207.

Mendelsohn, Robert, William D. Nord­
haus. and Dai Gee Shaw, “The Impact of 
Global Warming on Agriculture: A Ricardian 
Approach," .Imerican Economic Review, forth­

coming 1993b.
National Academy of Sciences (NAS), Com­

mittee on Science, Engineering, and Public 
Policy, Policy Implications of Greenhouse W'arw- 
ing: Mitigation, .tdaptation, and the Science Base. 
Washington. D.C.: National Academy Press. 
1992.

National Research Council, Carbon Dioxide 
and Climate: A Scientific .Assessment. Washington. 
D.C.: National Academy Press. 1979.

Nordhaus, William D., The Efficient Use of 
Energy Resources. New Haven: Yale University 
Press. 1979.

Nordhaus, William D., "To Slow or Not to 
Slow: The Economics of the Greenhouse Ef­
fect," The Economic Journal, July 1991. 101, 
920-37.

Nordhaus, William D., “How Much Should 
We Invest in Preserving Our Current Cli­
mate?" In Giersch. Herbert, ed.. Economic 
Progress and Environmental Concerns. Berlin: 
Verlag-Springer, 1992a, 255-99.

Nordhaus, William D., “An Optimal Tran­
sition Path for Slowing Climate Change," Sci- 
ence, November 1992b, 258, 1315-19.

Nordhaus, William D., Managing the Global 
Commons: The Economics of aimale Change. 
Cambridge: MIT Press, forthcoming 1993a.

Nordhaus, William D., "Survey on Uncer­
tainties Associated With Future, Climate 
Change.” Yale University, processed mimeo, 
April 1993b.

Peck, Stephen C. and Thomas J. Teisberg, 
“CETA: A Model for Carbon Emissions Tra­
jectory Assessment," The Energy Journal, 1992, 
/3:1,55-77.

Ramsey, Frank P., “A Mathematical Theory 
of Saving," The Economic Journal, December 
1928, 38. 543-59.

Reilly, John, and Neil Hchmann, “Climate 
Change and Agriculture: Tlie Role of Interna­
tional Trade," Amcncan Economic Ra'iew Pa­
pers and Proceedings, May 1993, 83:2, 306-23.

Schmalensee. Richard, “Comparing Green­
house Gases for Policy Purposes," The Energy 
Journal, 1993, /4:1, 245-55.

■ .. ........................................---r.--



Journal of Economic Perspectives—Volume 7, Number 4—Fall 1993—Pages 27-46

Costs of Reducing Global 

Carbon Emissions

John P. Weyant

jrojecting the costs of reducing carbon emissions is extremely important, 
and exceedingly difficult. Such projections are an integral component 
of cost-benefit analyses of alternative policies; for example, for the 

global climate policy analysis described by William Nordhaus in this sympo­
sium. Moreover, the nature of the climate change problem dictates that costs be 
incurred long before benefits can be realized or accurately measured. Conse­
quently, the political spotlight predictably focuses on the cost estimateis when­
ever specific policy options are contemplated.

Projecting the costs of reducing carbon emissions is difficult because many 
assumptions must be made about how the world will evolve over a very long 
period of time with and without a control program. Typically, some of these 
assumptions, like population growth, are taken from outside sources. Other 
factors, like the response of energy demand to changes in economic output or 
energy prices, are the result of modeling the behavior of economic actors in 
response to exogenous stimuli. Considerable uncertainty exists about both the 
exogenous factors and the best way to model the behavioral responses.

The global nature of the climate change problem adds yet another compli­
cation to the cost analysis. Scientists have concluded that it is the global 
concentration of carbon in the atmosphere that influences climate. Moreover, 
since carbon in the atmosphere gets mixed more or less uniformly, emissions 

..anywhere change concentrations everywhere, but with a long lead time. Cur­
rent global carbon emissions are estimated to be only about 4 percent of the 
stock of COj in the atmosphere attributable to human activity (and about

■ John P. Weyant is Professor of Engineering-Economic Systems and Director of the 
Energy Modeling Forum, Stanford University, Stanford, California.



28 Journal of Economic Pcnp<ctw,

- or r
of the world over long periods of t t "‘>‘'"*”05
controlling emissions in any one country Tr Terion^V"^^’'*'* 
important guide to apDrooriar,. o«r • P°'"* '" ""*0 aninc^pteL P“'”“ 'ha. particular couurry, bu, an

recen';' ct.^SInc'rrMSnVr'’" IrT^’
Global Carbon Emissions; Costs and PolicJ Options •'whicri'tIcM 7°"'™'“"*

=stzs“tar ■16 modL Xrc inZcdt EMF ,TTd ' ^O”

last three years are reUed Z’nTrl T “-"Pl'led over the
lar the excellent sutveys by NordhaulTlMlT

in EMET^Tt^lf rhe^y'Tutl'of'"^ ““‘‘r -P—'d
emissions, and include very little deuiUnlheV ''"‘*""‘"8 dioxide
carbon dioxide is the mosZimnnrf ? J d^'^«'<>P*ng countries. Although
of other greenhot gaslsTke T’

effective (Blitzer et al.. 1992; Schmalense^lS oost

UniteTsLresttld olrOEcf ̂  r ““"T' ^ ^.e
. analyses offer some regional deuil. In thralobal“,*H°"'"tf 

countries are typically treated in r *developing
because of 10^7 a^p^riate dara'!^
countries involved, or computational limit "'"‘""onal information for the
oping countries (including China India Bra^zd 'ecvdI * V'
others) have substantial emissions at present and^/^ ‘^'.gena. Indonesia, and

likely to grow rapidly during the first half of the next cTntury VhU h ‘^rd""

3.™;PachaurlandKbanna:7^^.trr;r^^^^^^^
.ion If ® W«fTedl2‘’“r »f-y Pvojec
projecdons .ha. l7bef„*m7dtfnc'i:Z:T

time horizons. Finally the conclusio ^ ^"d short-range
know about the c^’of conTr^i^^^^ - and don't

agenda for future research ^ recommends an

K(

be

pr
an
sti
mt

ha
sta

the
An
ass
ava

reli
wo:
mo
SU(

on
grt
abo

trie
glol

anc’
gas
sub
dor
80
con
cart
dim
resi
that

and
enc
dan
ted

, r -.,., . , - _... ., aac-IWTr.-.n-wr. -T ' - ■.• ■■

s=^=».-v. a _ir-.>e
.».'- . rari



)bal 
ries 
< of 
an 
an

I lie
"g

■ir-

his
dy
ns
m)
os
lie
u-
L.e
in

d
le
h
IS

>t

e
il
J

r

John P. Wnanl 29

Key Determinants of Cost of Control Projections

Hundreds of projections of the cost of reducing carbon emissions have 
been published over the past decade, a pace that seems likely to continue. Each 
projection has four key elements: (1) the baseline input assumptions to the 
analysis; (2) the specification of the control scenario being considered; (3) the 
structure of the model employed to make the projection; and (4) the cost 
measurefs) reported. Knowing a few basics about how these elements are 
handled in a particular study can go a long way towards helping one under­
stand how its results relate to other available projections.

Baseline Input Assumptions
The assumptions included in the baseline scenario are important because 

the incremental cost of carbon emission controls are measured relative to them. 
Any analysis of the cost of reducing carbon emissions must rely on input 
assumptions in three areas; population and economic activity; energy resource 
availability and prices; and technology availabilities and costs.

Most of the groups projecting the costs of reducing carbon emissions have 
relied on population and economic assumptions from other groups. The 
worldwide population growth projections are commonly from demographic 
models of the World Bank or the United Nations. For economic assumptions, 
such studies generally rely on economic growth projections made by others, or 
on external assumptions about labor force participation, and productivity 
growth. For either population or economic growth, there is less uncertainty 
about projections for the developed countries than for the developing coun­
tries. Birdsall (1992) offers a discussion of the dependence of the results of 
global warming analyses on population projections.

A second key set of input assumptions to the models concerns the price 
and/or availability of energy resources. The prices of fossil fuels like oil, natural 
gas, and coal tend to be important because they are what generally need to be 
substituted away from when carbon emissions are restricted. Since gas combus­
tion produces about 60 percent of the carbon produced by coal combustion and 
80 percent of the carbon produced by oil combustion per unit of energy 
consumed, optimistic assumptions about natural gas availability can make 
carbon emissions targets easier to achieve in the short run. Another key 
dimension of the energy supply picture is the assumption made about the 
response of the oil exporters to the imposition of a carbon ux or other policies 
that reduce the demand for oil imports.

A final set of key assumptions about inputs are those made about the costs 
and efficiencies of current and future technologies, both for energy supply and 
energy use. Most analysts use a combination of statistical analysis of historical 
data on the demand for individual fuels, and a process analysis of individual 
technologies in use or under development to represent trends in energy
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twhnologies. At some point these two approaches tend to look quite similar 
though, as the end-use process analysis usually runs out of new technolojfv

conlmue ,o improve „ .ime go« on. Parricularly imporun., bu, dilficulU«re 
B projocung whnological progress. Auempts to estimate empirieally the de- 
pendence of future trends in productivity on faaor prices, including enerev 
^re rare. Jorgenson and Wilcoxen (1991) present one prominent attempt to Yo

ron "^^de about the cost of substitutes for
convenuonal oil and gas determine the Cost of controlling carbon emissions. It 

generally assumed that the long-run carbon-based fuel alternatives (for 
example, coal generated electricity and coal-based liquid synthetic fuels) will be
InH alternatives (like solar-generated electricity,
and liquid fuels made from biomass). If this were not the case, there would be 
no projected long-run costs of controlling carbon emissions

Existing emissions controls on fossil fuel combustion, like those on sulfur

sented in the models via their projected impact of fuel choice trends, or by 
using higher costs for technologies that emit sulfur dioxide in the process 
analysis approach. Representing these cosu can be an important element of the 
aseline sc^ario because coal use generally leads to high sulfur and carbon 

emissions Thus, restricting sulfur emissions can lead to some reductions in coal 
use and, hence, carbon emissions.

Ck>ntroI Scenario
A control scenario translates a carbon emission control program into 

model inputs. Several dimensions of the control scenario consider^ fre impor- 
unt First, the control program must specify a goal, which can be an annual 
ar^n emissions Urget. an atmospheric CO, concentration limit, a rate of 
arbon taxation, or some combination of these elements. The goal must also 

include a rate at which the objective is to be achieved-because of the time 
required to replace energy-producing and -consuming capital equipment, it 
may be easier to reach a more stringent annual emissions target over a longer
pen^of time than a less stringent one over a shorter period of time.

The instrument to be used to achieve the objective must also be specified
via a carbon tax. an emissions 

^permit trading system, energy efficiency standards, or a variety of other
involving carbon taxation, some assumption 

eds to be made about the use of the revenues generated, and about the Ux 
treatment of imports of energy and energy intensive products.

A final crucial element of the control program is the allocation of the 
allowable emissions among countries or regions. Since developing countries are

they uill probably not agree to proportional cuts in emissions bv all countries

c mm
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The paper by James Poterba in this symposium offers an excellent discussion of 
-North-South” negotiations.'

Model Structure
The models considered here can be classified into six distinct classes, 

depending on the way the relevant markets are represented. The first three 
cTt«ories are energy-tconomy ntodels: the distinguishing feature of such models is 
that they treat the energy sector in a more aggregate fashion than the energy 
models, and instead contain much more detail on markets and/or agents in the 
rest of the economy or economies. The other three categories are energy models, 
which focus on the various markets for energy—fossil fuels, renewables, electric 
power, and refined fuels—and on specific energy conversion and/or end-use 
technologies. They treat the rest of the economy in a more aggregated fashion. 
(See Beaver, 1992, for a more detailed structural comparison of the EMF 12

models.) ■ . • -r-
The salient characteristics of each class of model are summarized in Table

1, along with examples of models that are included in each class, the time 
horizon considered, the amount of foresight assumed, and whether the behav­
ioral parameters included in the model are empirically or judgmentally deter­
mined. None of the models considered here incorporates uncertainty about 
future events in representing decision-making by individual participants in the 

economy.
One distinction of importance in the three energy-economy approaches 

lies in the level of disaggregation of the non-energy sectors. Both disaggregated 
and aggregated economic equilibrium models allow investment levels to be 
chosen endogenously. However, the disaggregated equilibrium models con­
sider markets by industry category, and allow GDP to be determined, in part, 
by these interindustry interactions. The aggregate equilibrium models, on the 
other hand, usually include markets for broad sectors like capiul, labor, and 
energy, and determine GDP with an aggregate production function. The main 
advantage of the disaggregated approach is that it allows a closer look at 
non-energy markets; the main advantage of the aggregate approach is that it 
allows more detail in looking at energy markets.

The disaggregated energy-economy models can be further subdivided into 
long-run growth and short-run macroeconomic adjustment variants. The 
macroeconomic adjustment models include multiple sectors and explicitly rep­
resent the processes by which unemployment and inflation are created and 
influence the level of economic output.

In the three classes of energy models—energy-sector equilibrium, opti­
mization, and energy demand simulation models—the major distinction is the 
manner of modeling prices in the energy sector. An energy-sector equilibrium 
model examines simultaneous equilibria in all energy sector markets: fossil fuel, 
renewable energy, electricity, and so on. Contrary to the first three model

*Sce also Chichilnisky (1993).

■r-.:-. ’ifprmm
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Tabu I ■
Model Types and Distinguishing Characteristics

Market
Rtpresentation

Model Authoris) Time Fore-
Scope Horiton sight Param

D'»ggregated
Economic
Equilibrium

CRTXt (Carbon Rights Trade Model) 
Rutherford (1992) World 2100 M J

DtiEM (Dynamic General Equilibrium Model) U.S. 2050 P
Jorgenson/Wilcoxen(1991) ^

GOLLDER
Goulder(l993) ^030 P

Oltveira-Martins(l99l)

E

J

J

Disaggregated DRl .McGraw-Hill
2010MacroEmetric

Adjustment Brinner. Shelby, Yanchar. Christofaro (1992) M f

LINK
World 2010Kaufman/Li/Pauly/rhompson (1991) M E

Aggrepte Economic CETA (Carbon Emissions Trajectory 
<jui I num Model) Pcck/Tcisbcre (1992a)

global 2100 ny
World 2100 P J

Manne/Richels (1992a)
World 2100 P J

Energy-sector GEMINI
U.S.Equilibrium Decision Focus, Inc. (1990)

FOSSIL2
2030

2030

P J

AES Corporation (1990) 
global MACRO

U.S.

World

M J
2100ICF, Inc. (1988)

ERM (Edmonds-Reilly Model)
M J

JWorld 2095Edmonds/Reilly (1985);
Edmonds and Barns (1991)

M

MWe (.Model of Warming Commitment)
Mintzer/Schaper(l992) World 2095 M J

EDS (ILA Energy Demand System) 
International Energy .Agency (1991)

World 2005 M E

Energy-sector
Optimization MARKAL (MARket AUocation Model) 

Morris/Solomon/Hill/Goldstein (1990)
U.S. 2025 P J

Energy Demand 
Simulation

1 -CAS CFrace Gas Accounting System) 
Piccot,elal. (1990)

World 2010 M E

Afry. M is myopic; P is perfect; J is judgmental; E is econometrically estimated.

m
• 7 *'v yf ■



Paratn

E

J

J

J

J

J

J
J

J

J

E

?

John P. Weyanl 33

this type of model does not include any markets for non-energy goods, 
models generally offer a regional analysis of the nation or globe, along

lith great detail on energy technology. ....................
•^e objective of an energy-sector optimization model is minimization ot

tal U S. energy sector costs, given the demands for energy services from the 
^ t of the economy. Although this optimization approach contains within it an 

licit equilibrium, it docs not actually use explicit market prices. This 
' Dproach usually allows energy use to be reduced only through the introduc- 
Uon of more efficient technologies, and employs a great deal of detail about 
such technology. However, it does not examine economic effects outside the 
energy sector—even questions like what effect higher energy prices would have 
on the quantity of energy demanded.

The energy demand simulation approach uses projections of energy prices 
and economic activity, together with econometrically estimated parameters 
representing the behavioral response of industry and consumers to these 
factors, to estimate how much energy will be consumed. This approach has no 
explicit representation of supply, and thus does not model an explicit equilib­
rium in energy markets.

Two other features of the models are important in understanding and 
assessing differences in model projections: the assumption made about the 
foresight employed by economic agents in making decisions, and the source of 
key parameters employed in representing economic behavior. In some models 
it is assumed that economic agents base current consumption, production, and 
investment decisions on current prices only (myopic expectations), while others 
assume that they base these decisions on perfect information about the price 
projections produced by the model.

The substitution parameters used in the models are either judgmental 
(although generally calibrated to the available empirical literature in some way) 
or econometrically estimated with historical data. Reflecting the typical practice 
of including only a limited number of aggregate parameters whose values can 
easily be changed in sensitivity analyses in them, the models with judgmentally 
determined parameters are sometimes also referred to as parametric models.

Cost Measure
The cost of carbon emission reductions are reported using at least four 

alternative cost measures: (1) the carbon tax required, which measures ffie 
marginal cost of the last ton of emissions reduced; (2) the total direct cost, which 
measures the marginal cost of the reductions integrated over all emissions 
reductions; (3) the loss in gross domestic product (GDP), which measures the 
reduction in the total goods and services produced by the economy, and thus 
may include the impact of the carbon emission reductions on capital accumula­
tion and technological progress, and (4) compensated income variation, which 
measures how much consumers would have to be compensated to make them 
as well off in terms of their own utility after the imposition of the emissions
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reduction program as in the baseline scenario. Not all models can produce
«amnl measures, which further complicates comparisons. For
3tffsincTrf compensated income variation
results (since they do not examine the broader economy in that way), and the

tal direct cost is generally not reported by general equilibrium modelers.
^esc measures tend to move together, but departures from this general rule
can be significant. For example, general equilibrium models may project lower
carbon uxes required to achieve an emissions urget. but greater GDP losses

an ener^ sector models if they include a strong negative influence of higher
ener^ prices on economic growth. This lowers baseline emissions, buf in-
CTeases the share of emissions reductions that comes from lower economic
g ow rates rather than reductions in energy intensity or fuel switching.
alon^diff!rrnr H ^he cost of emissions redLions

ongdifferem dimensions, cost measures are often discussed according to their

"long-run” costs, defined
fuel sonrr? r t ^ transition to primary reliance on non-fossil
fuel sources of energy can be completed. The following section will address

n H transition is com-thHotaf an T ' K '^^PorUni to policy-makers. Although
be hTJhir ‘^'"‘“‘°n reductions are generally projected to
short W "“u the marginal costs of control can be higher in the
short run. In addition, the relative importance of short- and long-run costs 
depends on the rate at which future costs are discounted, which is an ongoing 
debate as ixtonuoned by Richard Schmalensee in his introduction to thi! 
symposiuim Throughout the discussion here, the goal is to describe results that

Long-Run Cost Projections

period to a low<arbon world is likely to take 40 to 60 years, 
even if it started today. This results from the long life of energy-producing and 
consuming capiul stock, and the long lead time required tfdevelop. rffine.

Common Conclusions
Three major general conclusions can be drawn about the cost of control­

ling carbon emissions in the existing long-run economic studies, defined here 
as those extendmg beyond 2040: controlling global carbon emissions over this 

orizon wi require a significant amount of international cooperation- if

ly need not slow world economic growth appreciably, but will be enpensive in

■ yuc'i:-
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terms; and a system of international emissions trading can improve the 
^den^ of a global control program and significantly reduce iu cost. Each of 

fh«e points is explored in turn.
A significant amount of international cooperation will be required to 

trol carbon emissions in the long run. Manne and Richels (1992a) observe 
Jh"t U will probably be impossible to limit global carbon emissions to 1990 levels 
b ^the middle of the next century if China does not participate in the control 

oram—even if all other countries reduce their emissions to zero! Although 
ChiM is responsible for only about 11 percent of global carbon emissions today 
(650 million tons out of world total of 6 billion tons) that percentage is expected 
to grow as the Chinese economy develops and uses its substantial coal reserves 
as part of that development process. If carbon emissions in China grow at 
4 percent per year, which is not a particularly high baseline projection, in 
56 years the emissions in China alone will equal total world emissions today. 
Efforts to limit global carbon emissions may start with the developed countries, 
but they cannot end there.

The costs of stabilizing global carbon emissions appear likely to be in the 
range of about 4 percent of GDP per year by the year 2100. For example, 
consider four key control scenarios from the EMF 12 study. Each includes 
participation by all major carbon emitters. In the “Stabilize Global Emissions’ 
«:enario. the countries of the OECD and the former Soviet Union are assumed 
to reduce emissions by 20 percent relative to 1990 levels by 2010 and maintain 
them at that level through 2100, while the rest of the world is restricted to 
increasing their emissions by no more than 50 percent relative to 1990 levels 
through 2100. This allocation of emissions rights leads to global emissions in 
2010 and thereafter that are no greater than those in 1990. In the “Reduce 
Global Emissions" scenario the OECD and former USSR reduce emissions by 
50 percent relative to 1990 by 2050, and the rest of the world is again limited to 
no more than a 50 percent increase relative to 1990 levels; this leads ultimately 
to about a 15 percent reduction in global carbon emissions. In the “Slower 
Growth in Global Emissions” scenario, the developed countries limit emissions 
to 1990 levels by 2000 and the developing countries are again limited to no 
more than 50 percent more than today's emissions levels, resulting in about an 
18 percent increase in global emissions relative to 1990. Finally, the “fhased-In 
Tax” scenario includes a carbon tax imposed by all countries that increases 
from $15 per metric ton of carbon in 1990 at 5 percent per year; This is 
approximately the tax trajectory that would result from limiting cumulative 
world emissions over the next 50 years to 50 times 1990 emissions.

By the year 2040, all four scenarios would cause the world GDP on average 
to drop by about 2 percent of GDP per year, plus or minus half a percent. By 
2100, they would reduce global GDP by 4 percent per year, plus or minus 
1 percent. However, all of these scenarios represent a significant departure 
from the historical trend in carbon emissions. The baseline projection, without 
any of these policy changes, is that carbon dioxide emissions will have doubled

‘ ■ ■ ■ ■■■■■' ■ ■■■■" ■ '■ •. '■
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evnificant Differences in Assumptions and Models
***^Although the long-run cost of controlling carbon emissions seems fairly 

• ilar in many published studies, there are some differences as well. First, the 
**"•* ated cost of reducing emissions to achieve any COj emission or concentra-

urget depends on the baseline emissions projection of carbon emissions, 
which in turn depends on the projected rates of economic growth, income 
"lasticities for energy demand, and rates of non-price induced shifts in energy' 
Efficiency. Second, the degree to which “backstop” technology assumptions— 
Advanced technologies with high cost and unlimited supply—are employed has 
a large impact on the cost of control estimates. Third, in lieu of backstops, some 
analysts use resource supply curves with large flat segmenu at higher prices, 
and differences in these assumptions can be significant. Again, each of these 
three points will be examined in turn.

Most long-run projections of the costs of controlling carbon emissions 
foresee a major role for coal in the future baseline energy mix, and since coal is 
abundant on a global basis, this assumption limits future energy price increases. 
As a result, the major determinants of long-run energy demand turn out to be 
population growth, economic growth, the income elasticity of demand for 
energy, and the non-price-induced rate of change in energy demand per unit 
of economic output. Very few modelers make their own projections of long-term 
worldwide economic growth, worldwide income elasticities, or long-term en­
ergy efficiency trends. Thus, most researchers rely on the few estimates that are 
available, most of which are for just the United States or the other members of 
the Organization for Economic Cooperation and Development (OECD).

Even when the assumptions about GDP growth rates are standardized, a 
wide range of reference case emissions projections are produced by the models. 
By the year 2100, projections of world COj emissions from eight different 
models range all the way from a tripling to a seven-fold increase over 1990 
levels.* The reason for this variation is simple enough: relatively small differ­
ences in model parameters lead to large differences when their effects are 
compounded over more than a century. Much of the difference in projections 
from the models for 2100 can be explained by differences in the assumed rate 
of decrease in energy use per unit of economic output independent of energy 
price changes. The Global 2100 model uses a value of .5 percent per year for 
this parameter, while the Edmonds-Reilly model employs 1.0 percent per year 
assumption. This single difference explains virtually all of the nearly factor of 
two difference in the baseline emissions projections from these two models in 
2090 (Dean et al.. 1993; Gaskins and VVeyant, 1993b). The more disaggregated 
assumptions made in the Global Macro model imply about a 1.25 percent rate 
of decrease in energy use (per unit of output). Estimates of this aggregate 
parameter based on historical data range from a rate of decrease of about 
.5 percent per year to an increase at about that rate (Jorgenson and Wilcoxen,

^The cighi models arc F.RM, Glob-M.icro, Global 2100. OF.CD. lE.^. CFTA. MUG. and GRIM.
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“ho hove .„emp,cd ,„ e«ro„o.areui .hTd.r , "'"“f «quipn.en. into *e litture hjl^
argued ha. dte p«em.al extm for a ra.e of decrease in energy me per unulf

a'^rr rnS“; ^ P'-"‘- --w
Nordtm l'97lr ““ concep, (imrodueed by
Nordhaus. 1973) to represent the idea that at a high enough price for ener J
oflnerr^^'^ T Limited sup^^’
carbon technologies puts a cap on the ultimate cost^of
both T. K* and Richels (1990). who include
both a carbon-based backstop (like synthetic oil from coal) and a carbon-free
cner^ backstop (hke synthetic oil from biomass) in their analysis, have ob- 
wrved that the long-run carbon tax in such a set-up can be calculated on th*. 
art ‘I'ffe'-cnce between the costs of the carbon-free and

back!"opr carbon-based
Analyses that do not include backstop technologies per se generally include 

ong run supply curves for carbon free resources that becomele' fllt attgh 
cost levels. The rewurces included and extent of high<ost carbonXee resourw 
availability vary from one analysis to another, but each serves to limit the 
ong-run cost of carbon emission reductions.

Short-to-Intermediate Run Costs

Z^rdS'"' ™«^-a.frev^.Z:d

Common Results
Several common themes emerge from a review of the cost of control 

projections for the short-to-mtermediate term. First, if the emissions tartret
ZZ7 turnover and
in^irr additional adjustment costs are likely to be
ncurred. Second, recycling the revenues obtained from carbon taxation in a
Z H r 1 revenues "rsUifi-
emi IrTfriU Third, if some major carbon
oil orlL ali V" ‘‘’tdownward pressure on
0.1 prices and the supply of carbon-intensive goods in the participating coun-

.24 -clriclongcarb^n/barr^ H^rc ^^^^^^^ carbon-based backstop of
Global 2100 model is ($I00-$50)/.24 - S208/me,ric caS"''" “
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■ will cause increases in carbon emissions by non-participants relative to
TS- baseline levels, somewhat offsetting any gains.

Studies of the cost of controlling carbon emissions show that incremental 
. ctions in allowable emissions cost more as the absolute level of allowed 
.“ions in any particular year is reduced. This finding is especially true in the 

Trt and intermediate-run. up to about 2040. before old fossil-fuel based 
*nerey producing and consuming equipment can be fully retired and new 
arbon-ffee technologies can be fully introduced. For example, in EMF 12 the 
^st of stabilizing U.S. carbon emissions (reducing them an average of 30 
percent relative to the no control baseline) ranged from .2-.75 percent of GDP 
in 2010. while the cost of reducing emissions by 20 percent in that year (or an 
additional 15 percent relative to baseline emissions on average) range from 
9-1.7 percent of GDP. In other words, a 20 percent additional reduction in 

emissions relative to 1990 levels (and, on average, a 15 percent reduction 
relative to 2010 baseline emissions) could more than double the cost.

Existing studies also demonstrate that trying to reach fixed emissions 
targets faster—say by 2010 rather than 2040—imposes significant additional 
adjustment costs. Short- to intermediate-run carbon tax projections fi-om the 
models that significandy exceed their long-run levels provide the most dra- 
mauc evidence of situations where these additional adjustment cosu are likely 
to be incurred.* This result is observed in results from models that take a 
long-term perspective; it is still larger in the medium-term models that try to 
track year by year energy-using and energy-producing capital stock adjust­
ments over the next 20-40 years; and amplified still further in the short-run 
econometrically estimated demand models that focus primarily on projecting 
energy demand over the next 5-15 years. These adjustment costs result from a 
combination of empirically and judgmentally estimated adjustment rate param­
eters, as well as actual data on existing technologies and capital equipment in 
place. Despite the heterogeneity in modeling approach adopted, each leads to a 
projection that substantial adjustment costs are likely to be incurred in this 
scenario. Extensive sensitivity analyses by Petersen et al. (1992) show that even 
a ten-year delay in the date by which the global stabilization target must be 
achieved can reduce the peak in the carbon tax projections dramatically. In 
addition. Manne and Richels (1992b) show that the peak is virtually eliminated 
in Global 2100 model by limiting total emissions over a 50-year time period to 
fifty times the 1990 levels, and letting the model decide when the emissions 
should occur to maximize the discounted utility of consumers. This optimiza­
tion results in more emissions than required to stabilize annual emissions in the 
short run. and less emissions than required to stabilize annual emissions in the 

long run.

*In EMF 12. the average carbon tax required to reduce U.S. carbon emissions in 2010 to 20 
percent below their 1990 level is about $350 per metric ton. while the same goal can be achieved in 
2050 with an average carbon tax of slightlv over $200 per metric ton.
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on other inputs to the economy, and assumptions about natural gas availability

Infixed annual emissions rate target is specified, cumulative costs can be 
educed with some increase in short-term emissions either by allowing more 

dme for reaching the target, or by phasing in more gradually the instrument(s) 
sed to achieve the target (like a carbon tax). The cost reduction can be 

particularly significant if the target date and rate of implementation are set to 
^low new carbon-free technologies to be phased in smoothly. The timing issue 
has been explored through extensive sensitivity analysis by Petersen et al. 
(1992) and Manne and Richels (1992b). Similar issues involving the rates of 
technology introduction and retirement have also been explored through
sensitivity analysis by Petersen et al. (1992).

Different projections of economic growth can lead to different estimates of 
carbon control costs. The EMF 12 study design includes a 2.2 percent growth 
rate in GDP for the U.S. over the next 30 years. However, one of the models 
included in the study (DGEM) produced an independent GDP projection of 
1 4 percent per year over that time frame (for a description of the methodology 
employed see Jorgenson and VVilcoxen, 1991, 1992). The lower growth rates 
result in lower carbon taxes being required to meet any particular emissions 
target. Interestingly, though, the computed GDP losses from such carbon taxes 
are not significantly less than in the other models, because higher carbon taxes 
lead to higher energy prices, which significantly diminish capital accumulation 
and productivity growth.®

Models that include preexisting energy taxes generally require a larger 
increase in energy prices and, therefore, a higher carbon tax to reach a fixed 
emissions target (for example, Kaufman, 1992). In countries with higher 
existing energy taxes, a larger carbon tax must be utilized to achieve a given 
percentage increase in retail energy price levels. Moreover, most models exhibit 
increasing marginal costs of energy demand reductions with respect to de­
creases in the level of energy demand. In addition, Goulder (1993) has ob­
served that general equilibrium models can include preexisting taxes on all 
factors of production which results in carbon taxes being more costly to the 
economy. Carbon taxes lead to less energy use which makes other factors less 
productive, but if these factors are already taxed, the marginal productivity loss 
will be greater than if there were no preexisting taxes on the other factors. In 
effect, a carbon tax operates as an implicit factor tax; higher preexisting taxes 
elsewhere increase the propensity of the carbon tax to generate further distor­
tions in factor markets. This effect also serves to blunt the effectiveness of

®The lower CDP growth rate was adopted for a "Low GDP Growth" sensitivity scenario. This 
scenario does lead to a significant reduction in the cost of control because it directly reduces the 
reference level of emissions projected by each model. In addition, when all the models are run with 
the low GDP growth rate assumptions, they produce carbon taxes that are more closely consistent 
with those projected by the lower growth models.
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. , nf baseUne emissions levels, a major source of differences m
between the models, and a major determinant of the cost 

. inv emissions urgel. Particularly important here are assessments 
of»^‘t7fmperfections or distortions that impede the introdu^on of more 

tXotgies. For example, energy pricing in China the developing 
J^nd the former Soviet Union has been far below world market levels. 

‘°“"i"?;,rexisting long-run population and economic projecuons display 
c^riderable differences. In particular, relatively little is known about 

Tx Gnomic and population growth in the future in such important and 
as China, India. Brazil. Nigeria, and the independent states of

T^he^djJstmrt"costs that result from any control strate^depend on 
amiability and cost of energy sources that do not emit carbon. Many of 

i!,^Tre “renewable” resources like solar or wind power. Such technolopes 
frHot currently cost-effective, but they could easily become ^
Ltu«-say. if carbon uxes reach $100 per metric ton. The modds included m 
S^s study all represent these adjustment costs in one way or another, but often 
STc approaches lead to markedly different result. This
additional work on dau and models of new technology availability dates and 
introduction rates, as well as of technology transfer to the deve oping countries.

4 Some possible offsets to carbon emissions are not directly part of energy 
production or use; for example, tree planting or slowing deforcsution or 
reXing other greenhouse gas emissions like methane from natural ^s s^tem 
Teadbed seams, or ruminants. These approaches might be as effecuve as
carbon emissions reductions in slowing climate change. «

5 The value of additional work on the linkages between env.ronmenul 
nolicies and international trade in energy and non-energy goods is high. See 
^Kibbin and Wilcoxen (1992) and Manne and Rutherford (1992) for promis­

ing new work in this direction.
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Global Warming Policy:
A Public Finance Perspective

James M. Poterba

f B^he scientific evidence on how man-made emissions of greenhouse gases 
I affect global climate is not yet conclusive, but in spite of this, many

JL policy-makers have proposed various policies to reduce these emis­
sions. Carbon dioxide is the single most significant man-made greenhouse gas. 
One of the most common policy prescriptions for slowing greenhouse gas 
emissions is a carbon tax: a tax on fossil fuels in proportion to the amount of 
atmospheric carbon dioxide that is released when they are burned. It differs 
from other broad-based energy ux proposals, such as President Clinton’s 
recent proposal for a BTU ux, in the relative burdens that it places on coal, oil, 
and natural gas.

Enacting a carbon tax is only one of many possible policy responses to the 
possibility of global warming. Such responses can be divided, following 
Nordhaus (1991), into three broad categories: amelioration, abatement, and 
prevention. Ameliorative actions focus on offsetting the effects of a warmer 
climate if and when they occur. They include migration, increased use of air 
conditioning in regions that are affected by global warming, and shifting 
patterns of industry and land use in particular areas. The second group of 
policies, which focus on abating the effects of global warming as they occur, 
might include painting roof-tops and highways white, to reflect more incoming 
sunlight back into space, or chemical modifications to the oceans to encourage 
CO2 absorption. Finally, the third group of policies focus on preventing the 
build-up of greenhouse gases before they can affect global climate. The carbon 
tax is an example of such a preventive policy.

■ James M. Poterba is Professor of Economics. Massachusetts Institute of Technology, 
arid Director of the Public Economics Research Program, National Bureau of Economic 
Research, both in Cambridge, Massachusetts.
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^Global diraa,^change U a .low proc«., at least relative to ntany other 
phenomena studied in economks. Most of the consequences of global warmimr
^nefiaht'a'"'^'*'' This dme profile of
^nefits has an important implicadon for comparisons of the three classes of

c ITnT’? f’"' “'T'- -yP" o PoTcics
t t of preventive policiefare incurmd

now, the benefit<ost ratio for prevention policies is more sensitive to the
ScTi^hieh d" "" oP'-'r abatement or amelioration

<<'aeount rates, prevention policies look relatively unattraedye 
Nevertheless, preventive policies have received nearly all of the attention in 
^obal warming policy discussions. Part of their appeal derives from a concern
hi f iife°T?“ atmospheric carbon dioxide has a long
future H emissions today provides a margin of insurance agains!
future discoveries of adverse effects. Part of the preventive policies’ appeal is 
clearly poliucal however. Enaaing an environmental tax ^increase cables

^X"“pro^i:-''’“
The possibility of global climate change raises a host of new research 

questions for economists. Many are more novel, and some might say more 
interesting, than the analysis of the taxes and subsidies that Le aimed at 
preventing greenhouse gas emissions. Yet in the last few years a substantial
cmlir Tr’’ ““ “> grecuhtri

... 5.-1 .tur.r;sr',r.r
Lbliraction are bleak. It then focLs on the 
public finance of carbon taxes at the national level, considering the design of 
such taxes as well as their incidence across and within nations. tL next pin of
less devdo^r' ‘hat could be enacted in
other n ? elimination of fossil fuel subsidies and

mg diSr. L'tumtdr'™- ^ -cml pvou,,.

Prospects for Coordinated International Action

co„J™p“.hglXuit\T
National emission abatement policies are likely to select ineffiriem • • 
targets for several reasons. First, and most important, they neglect the'^blnlfitl 

om emission reduction that accrue to other nations, and tLrefore tend to

snbff ‘■’lone can* /c giccnhou.sc gas emissions; il.is makes it diflia.k m piarshall support
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for any action at all. Third, internauoral Competition can undermine environ- 
mlnJpoUcy-making. If one nauon enacia a policy to reduce a parucoUr claas 
Tf emiaatons, pollutera with high abatement coata may move to other nation 
^th lesa strin^nt emisaiona atandarda. Aa nations compete wtth '“•> 

reuin internationally mobile faaors, they may be caught in a race to the 
tottom" with respect to environmenul policy. Finally, unilateral national poll- 
^ are unlikely to achieve the leaaKoat method of reducing emiaaiona, since 
Jiev do not trade off opportunities for emissions reduction in different conn- 
tries Hoel (1993) discusses tha gains from multilateral environmental acuon. 
and Martin el al, (1992) present empirical evidence on the cost savings from 
mulnlateral rather than unilateral policies to reduce greenhouse gas emissions,
with a focus on the European case. .

In spite of these efficiency arguments, coordinated international acuon is
difficult to achieve. Without a system of international property rights, nor any 
associated mechanism for enforcing property claims or adjudicaung disputes, it 
is difficult to develop market-based solutions for global environmental prob­
lems Internauonal coalitions for environmenul acuon are fundamenully 
voluntary associations which function only when all nations bene^ from partici­
pation. There is wide disparity in the costs and benefits of 
across nations on many environmental problems, including global cliniate 
chanee. The central usk of designing a successful environmental accord is 
therefore to find compensation mechanisms, such as aid or other transfers, that 
will draw the “losers” from environmenul policies into the coaliuon. If wealthy 
nations with the resources to make transfers that convince other nations to 
parucipate in an agreement are not committed to a global environmental 
accord, or if they choose to free-ride on the actions of other nations, the
prospects for success are limited. . •• • j i

Measuring the costs and benefits of global climate change for an individual 
nation and even the world, involves substantial uncertainties. In this issue. 
Nordhaus surveys much of the work to date. One finding is that currently 
developing nations, which tend to derive higher shares of GDP from agricul­
ture than their developed neighbors, are more sensitive to climate change than 
currendy developed nations. Developing nations are also more likely to be 
affected by some of the other aspects of global climate change. For example 
Cline (1992) lists the 50 nations with the highest predicted costs as a snare of 
GNP of adapting to rising sea levels, one of the consequences of global 
warming. New Zealand is the only developed nation m his list. For some 
nations, such as Canada and Russia, global warming might actually prove 
beneficial and raise agricultural yields. Nordhaus (1991) concludes that the 
potential costs to the United States of a warming earth will be modest, at least

over the next century. i- .One of the key challenges in forging any cooperative agreement on clim^e
change is the poor alignment between the burdens of reducing current CO, 
emi.si.ins, which tall on a small group of nations, and the huients of such
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acuons. which are distributed more widely. Since developed nations account for 
most current greenhouse gas emissions, they would bear a disproportionate 
share of the costs of policies to lower these emissions. The United States and 
^nada currendy account for 25 percent of world CO, emissions. Europe and 
the former Soviet Union account for 40 percent of the total, and Japan for 
another 5 percent (World Resources Institute. 1991). The emission shares of 
currcndy-developed nauons diminish as one looks further into the future The 
most rapid growth in CO, emissions over the next century is projected to occur 
m China, the former Soviet Union, and other developing nations. These are 
the MUons that bear the heaviest burdens of long-term slow-growth policies.

^^me optimis^ argue that the problems of achieving coordinated interna- 
Pon^ action an be solved, and they point to the 1987 Montreal Protocol.

* nmetable for phasing out produedon of chlorofluorocar- 
^ns (CFCs). as a model of concerted international environmental acdon. 

inety-three nauons signed the Montreal Protocol, which set targets for the

1986^^T“" Tri?"' Production ur*cu based on a nation’s
1986 prt^uction of CFCs, with some allowance for production capacity under
exnlnH\h“‘ Tt/r' Developing nadons ai-e permitted to

19%. The Protocol also provides for transfers to less developed countries to 
feahute the adopuon of substitute products. This provision helped build global 
consensus for the agreement by defusing the argument of the less developed 
countries that their growth would be stunted if they were forced to rely on
mThanll ^as no explicit enforceLnt
mwhanism but expenence since 1986 has been encouraging: global CFC 
producuon has declined fester than the Protocol urgets
n-baJ*? CFC experience may not generalize to
F ^.r.r 'nvironmemal problems, such as global climate change.
Fira, there was greater scientific consensus on the nature and the immediacy of 
rte ozone problem than on the link between greenhouse gas emissions and
Lre rJd ™'"* "SMfch suggested that CFC emissions
were r^ucing stratospheric ozone levels, and the discovery of a "hole” in the
ozone layer above the Antarctic in the early 1980s catalyzed world action to 
stop ozone depletion.

economically much less imporunt than fossil fuels. 
Chlorofluor^arbon consumption accounted for a trivial share of world GDP
aTviri accord, while fossil foel consumption is a major economic
activity in many nations. Production of CFCs was concentrated among a small

Benedick (1991) provides a detailed suiiimarv of ihe poliikal 
Montreal Accord ^ ne^roiiations leadin^r up to the



for
late
!/id

ind

for
of
he
ur
ire

'a-
ol,
ar-
n.
le
III

I’S

cr
o
•r
o

d
ri
It

C

Global Warming Policy: A Public Finance Perspectn>e 51

, ban because they expected to exercise greater market power tf current CFG 
^rs were forced to switch to substitutes (UNEP. 1991). In contrast, there .s 
^dc dispersion in the suppliers of fossil fuels and possible alternatives^

Third the ozone depletion problem appeared immediate when the Mon­
treal Protocol was signed, in marked contrast to the long horizons involved in 
the current policy debate regarding greenhouse gases. After the discovery o 
the ozone hole. CFG emissions were linked with the rising incidence of skin 
cancer cases. It was therefore possible to identify a near-term gam that could be 
weighed against the cost of phasing out GFG production. In contrast policies to 
redLe grfenhouse gases burden current generations for the benefit of future

hough there were fewer obstacles to reaching international agree­
ment on GFGs than on greenhouse gas emissions, negotiations leading to i^e 
Montreal Protocol took several years and frequently threatened to unravel. T^e 
ProtocoPs fund for technology transfer has not been fully funded, a pattern that 
underscores the difficulty of convincing developed nations to commit resources 
to international organizations focused on global environmental improvement.

The experience with other attempts to achieve multinational environmen­
tal cooperation is less encouraging than the case of GFGs. For ^
nations, including the United Kingdom and Poland, have not signed the 1985 
Helsinki Protocol on sulfur oxides (acid ram) m Europe. Sulfur oxides are 
economically more significant than GFGs. and the inter^ountry di^rences m 
the net benefits of Protocol participation are larger than for GFGs. The fadure 
of the Helsinki negotiations may therefore provide a better indication of the 
prospect for a global warming accord than the success m Montreal. Recent 
proposals for a carbon tax in the European Gommunity. which are explicitly 
conditioned on similar actions by other nations, also suggest that GOj reduc­
tion will be more difficult than GFG reduction.

Although coordinated international action to adopt a carbon tax or similar 
policy currently seems unlikely, many nations appear committed to unilateral 
action to reduce greenhouse gases. Finland, Sweden and the Netherlands have 
already adopted carbon taxes, even though unilateral action by these nations 
can exert only a trivial effect on the growth rate of global greenhouse gas 
emissions.* I now consider several aspects of unilateral carbon tax design and 
incidence, as well as the potential difficulties that arise in implementing unilat­

eral taxes in a global economy.

*Haueland. Lundc. and Roland (1992) describe ihe structure of carbon tax policies dial have been 
adopted in Scandinavian countries. Many of the institutional details have ^
effects of these taxes. In Sweden, for example, there is a cap on the share of a firm s sales that 
be collected, this effectively results in a zero marginal tax rate for many firms.

V -'- ■ ■
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Tabu I
Alternative Taxes on Fossil Fuels

Coni SalUTol Cos

Ton Barrel 10* cu. ft.

.605 .130 .016

.025 .020 .015
24.2 6.5 1.07

$23.02 $17.70 $1.78

3.17 0.65 0.08
13^f 4% 5%

13% 5% 7%

Unit of Measure 
Tons of Carbon/
Unit of Fuel 
Carbon Emissions/
Billion BTUs 
BTU Content 
Average Mine-Mouth 
or Wellhead Price, 1989 
$5/ton Carbon Tax:
Absolute Tax 
Percentage of Price 
BTU Tax:
Percenuge of Price

Notes: Poterba (1991) with new calculations relating to fuel BTU content.

The Anatomy of a Carbon Tax

The carbon tax on each fossil fuel is proportional to the amount of carbon 
dioxide emitted when it is burned.’ Coal produces more carbon dioxide per 
unit of energy than either oil or natural gas, so it faces the highest carbon tax 
rate. If the combustion of each fuel is assumed to affect the environment only 
through its effect on carbon emissions, then the optimal Pigouvian tax on each 
fuel will be proportional to its COj emissions.'*

Table 1 describes the carbon tax in more detail. The first few rows offer 
information on carbon emissions, energy content measured in BTUs (British 
Thermal Units), and recent prices of the various fuels.’ The next two rows 
show the impact of a $5/ton carbon tax. It would raise coal prices by 13 
percent, and increase the consumer prices of oil and natural gas by 4 percent 
and 5 percent respectively. The table also compares the tax rates on different 
fuels from a carbon tax with those from a BTU tax, a tax on the energy content

"^Greenhouse gas ux policy should nol be limited simply to taxing CO,. Emissions of all gases that 
contribute to global warming, such as methane and nitrous oxides, should be taxed at the same rate 
per unit of “global warming potential." Nordhaus (1990) and Schmalensce (1993) discuss how to 
measure global Warming potential.
When the government can raise revenue through lump-sum taxes, then the optimal tax on each 

good equals the externality imposed by its consumption. Diamond (1973), Sandmo (1975), and 
Poterba (1993) develop this point and consider the effect of restricting the government's set of Ux 
instruments.
Tax rates are sometimes specified per ton of c arbon, and other times per ton of carbon dioxide 

eiimicd. SiiKc the aioinic ssenjbis ot carbon .ind oxcu'en .ire I.ind lii i e-pec lis eb . a Ion of carbon 
corresponds lo :i liT tons of ((.),. fax rale- c.cn be UMiisl.iied ,uc a n elm ab
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Carbon Taxes, Dollars / Ton of Carbon, C-7 Nalions, 1988

Oit Otl Products Natural Cos

L'niiet* States 
Japan 
Germany 
France
Italy
United Kingdom 
Canada

0
- 17 
-77 

0 
0

-46
0

$6a
130
212
351
317
297
108

0
2

23
38
80

0
0

Source; Hoeller and Coppcl (1992).

of each fuel, set for coal at the same level as the $5/ion carbon tax. The BTU 
tax places a higher relative burden on natural gas than on the other fueIs^ 
Because externalities are associated with end-products of combustion, not with 
energy use per se, there is a strong rationale for basing Pigouvian taxes on 
emissions rather than other fuel characteristics such as BTU contend

It is difficult to translate Table I into practice for two reasons First fossil 
fuel combustion creates many potential externalities other than climate
change. In this case, the optimal taxes on various fossil fuels can differ from 
those^prescribed by a simple analysis of relative COj output Various studies 
described in Viscusi (1992). have evaluated the local air pollution and o 
externalities associated with fossil fuel use. These studies generally suggest that 
the negative externalities associated with coal combustion exceed ‘^ose from 
other LsW fuels, implying that the extra tax burden on coal should exceed th

°Th" Second problem in implementing the tax rates in Table 1 is that most 

developed nations already tax fossil fuels. Many of the existing taxes are 
justified by revenue needs rather than externality correction. In the Lm ed 
States, for example, the current tax rate on gasoline is just over 30 percen o 
the producer price, while in Britain. Sweden, and other Eumpean nations he 
tax rate often exceeds 60 percent of the producer price ^
existing implicit taxes on each of the three major fossil fuels in the G-7 nations, 
negativl signs imply that a fuel is subsidized. The table confirms the widely 
known pattern that energy tax burdens in the United Sutes are low relative to 
those in other nations, but also shows the disparity of the net tax 
coal across industrial countries. Germany. Britain, and Japan all provide 
subsidies to their coal industries. How should the carbon tax be combined w. h 
pre-existing taxes? In the unlikely case where existing fossil ^ ba e 
Len set optimally for Ramsey and Pigouvian reasons, and if the potential effect 
of fossil fuels on global climate can be viewed as a previously-ignored external- 
it^ then the carbon tax should be added to the existing tax. Failing this case.

I
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Labor supply depends on the real after-ux wage measured in terms of con­
sumer prices. Since carbon taxes are indirect taxes, they reduce the real
after-tax wage.’

Enacting a carbon ux affects the government’s budget as well as relative 
rices. Because substantial tax increases are likely to have contractionary 

macroeconomic effects, some proposals call for coupling a carbon tax increase 
with other tax cuts to generate a revenue-neutral policy. In European countries 
diat rely on indirect taxes for significant revenues, a natural policy would 
involve reducing the value-added tax or other excise tax rates. For the United 
Sutes, it would be possible to reduce income taxes to offset carbon tax 
revenues. The possibility of using carbon tax revenues to cut other tax rates has 
spawned a recent debate on “revenue recycling," with severaf studies claiming 
that adopting a carbon tax could yield efficiency gains rather than deadweight 
losses. Goulder (1993) shows, that the efficiency cost of a carbon tax is much 
attenuated if the tax proceeds finance other tax cuts, such as reductions in the 
personal income tax. Shackleton et al. (1992) claim still more, arguing that if 
carbon ux revenues are used to reduce capital tax burdens, for example by 
instituting an investment tax credit, then the carbon tax can actually raise 

national output.
Initially, the revenue-recycling argument seems fallacious. If the status quo 

includes some extremely inefficient taxes, then almost any new ux can gener­
ate an efficiency improvement. Simply demonstrating that raising the carbon 
ux and reducing other onerous uxes would lead to an efficiency gain does not 
imply that carbon uxes should be adopted. Rather, one must compare the 
carbon tax policy with the set of all feasible policies that could reduce the 
onerous uxes and achieve a balanced budget. On reflection, however, 
the revenue-recycling argument may make more sense. If there is a causal link 
between enacting a carbon tax and cutting particular other taxes, perhaps 
because of political constraints on raising existing uxes, and if there are no 
other ways to enact changes in these other uxes, then it is appropriate to 
consider how the funds are used in evaluating the net benefit from a carbon 
ux. Absent a strong basis for linking enactment of a carbon ux to other 
particular ux changes, a plausible assumption is that carbon taxes would be 
paired with a proportionate reduction in all existing revenue sources.

In addition to the unceruinty about how carbon ux revenue would be 
used, which has an important effect on how the carbon ux affects output, there 
is some disagreement about whether higher fossil fuel prices affect the rate of 

' economic growth. Because growth rate effects compound from year to year, 
they have the potential to dwarf many of the other effects of changing fossil fuel 
taxes. However, the available empirical evidence about these effects is not

’The after-iax wage is (1 - ()w/pO + s). where w denotes the nominal wage, p the producer price 
level, t the marginal income lax rate, and i the average indirect tax rate. Carbon taxes raise s. This 
distorts labor supply. The cost of this distortion depends on the pre-existing level of(l - /)/(! + s), 
the initial tax wedge.
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conclusive (Jorgenson and Wilcoxen, forthcoming 1993; Weyant. in this Jour­
nal). The rate of producti\-ity growth in many developed countries declined at 
roughly the same time as the 1973 oil price shock. Whether these two develop­
ments are causally related, however, is an open question, and warrants further 
analysis.

The computational models described above yield results on the long-run 
output reduction that might accompany higher taxes on fossil fuels. These 
output reductions can not be viewed in the same light, however, as output 
reductions from traditional distortionary uxes that are enacted to raise rev­
enue. Since carbon taxes are Pigouvian taxes, at the optimal tax rate the 
present value of the marginal output losses associated with the tax would 
precisely equal the present value of the marginal gains from reducing green­
house gas emissions. Even if the Uxes are not set optimally, if there is some 
social value to reducing greenhouse gas emissions, the foregone output associ­
ated with a carbon tax overstates the net social cost of these policies.

Are Carbon Taxes Regressive?

One of the most frequent objections to raising fossil fuel Uxes in most 
developed countries is that such uxes fall most heavily on low-income house­
holds. This regressivity argument has been a central component of opposition 
to higher gasoline uxes in the United Sutes. The underlying basis for the 
argument is simply that the ratio of consumption to income declines as one 
moves up the income distribution (Poterba, 1989).

There are now several studies of the distributional burdens of carbon Uxes 
in the United States and other nations; Smith (1992) provides evidence for 
Europe, and Jorgenson, Slesnick, and Wilcoxen (1992) and Poterba (1991) for 
the United States. These studies suggest that simple analyses of the ratio of 
expenditures on fossil fuels relative to income substantially overstate the rfgres- 
sivity of such uxes. If tax burdens art analyzed relative to lifetime income, the 
fossil fuel uxes appear less regressive than when compared with current 
income. In addition, most developed nations have a variety of auxiliary fiscal 
policies that reduce, or could be used to reduce, any adverse distributional 
effects of carbon uxes. For example, many transfer programs are already 
indexed for price changes. Transfer recipients are therefore partly insured 
against tax-induced changes in consumer prices. Carbon tax proposals could 
also be coupled with modifications in income tax schedules to redistribute 
purchasing power to low-income households.

The possibility of coupling carbon Uxes with other policy changes, whether 
to achieve distributional ends or for other reasons, highlights an important 
limitation of most existing models of these taxes. Modellers usually evaluate 
"pure" policie<;. <uch as tarlxui taxes levied on all fossil fuels. In pnittiee. 
policies will inecitahlv be enacted with exemptions and other -pecial prosisions 
that both reduce their power to limit gieeiihouse gas emi.ssi<.iis, and magnilc
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•verse effect on the amount, of output lost per unit of emissions abate- 
* -j-jjj. revealed preference of policy-makers in many countries for 

”*'”mand-and-control, rather than efficient, market-based pollution control 
underscores the potential divergence between actual and theoretical

P®*^^ile mdst discussions of the economic effects of carbon taxes focus on 

.term output effects, a word should be added about the possible short-term 
aCToeconomic effects. Even a balanced-budget carbon, ux can have adverse 

*hort-run effects on output if nominal wages and prices respond slowly to 
higher taxes. To illustrate this possibility, consider a carbon tax that is coupled 
wiffi a reduction in labor income tax rates. The carbon tax represents an 
increase in the overall indirect ux rate, and for a fixed set of producer prices, it 
will raise the consumer price level. If the nominal money supply is 
constant—that is, if the moneury authority does not accommodate the carbon 
tax—then higher consumer prices will translate into a smaller real money 
stock. This amounts to a monetary contraction, a “self inflicted wound" in 
macroeconomic terms, and to lower aggregate output.* Slow phase-in of a 
carbon ux would blunt these effects.

Implementation Issues in an Open Economy

One additional theoretical argument for supranational rather than unilat­
eral actions to curb greenhouse gas emissions involves the difficulties of imple­
menting policies such as carbon uxes in open economies. Most national-level 
carbon ux proposals call for taxing imports of fossil fuels in the same way as 
domestic production. This does not completely solve the problem of equal 
treatment of foreign and domestic production of fossil-fuel intensive goods, 
however. If imports of such goods are not taxed, there will be production 
inefficiencies as production of these intermediate goods will be diverted from 
domestic locations. Poterba (1991) argues that border taxes on a few classes of 
imports—for example, steel, autos, and chemicals—could avoid most of these 
problems. In practice, however, it might be difficult to adopt such “environ­
mental uriffs” under current GATT rules.

Nations with unilateral carbon taxes might also choose to provide ux 
rebates to exporters of goods with high fossil fuel content, to avoid adverse 
competitive effects in international trade. Such export rebates and related 

• provisions have been enacted in some of the Nordic countries carbon uxes,

* Poterba, Rotemberg. and Summers (1986) suggest that a 3 percent of CNP shift from direct to 
indirect taxation, for example, from an income tax to a carbon tax. would reduce real GNP by .6 
percent in the quarter when the tax change took effect and cumulatively by 3 percent of annual 
GNP over the policy’s first three years. The Congressional Budget Office (1990) presents more
specific results on the macroeconomic effects of carbon taxes with various assumptions about other 
poIicN ro>pon>ch.
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with the result that these taxes provide no marginal disincentive for COj 
emissions for large firms engaged in export trade (Haugland, Lunde. and 
Roland, 1992).

Reducing Greenhouse Gas Emissions in Less 
Developed Nations

The discussion so far has concentrated on unilateral policies to reduce 
greenhouse gas emissions in developed countries. Efficient policies to slow 
greenhouse gas emissions, however, are likely to involve some reductions in 
emissions from less developed countries (LDCs) as well. Mors (1991) estimates 
that the costs of reducing CO^ emissions in less developed countries may be 
only one-fourth of the cost in developed nations, mainly because many LDCs 
have relatively inefficient energy utilization systems. There are important dif­
ferences between analyzing policies for controlling greenhouse gas emissions 
from LDCs and developed countries. These differences arise because the same 
policies that could be used in developed nations, such as carbon taxes, might 
have different effects in LDCs, and because there are new policy options, such 
as programs to slow deforestation, that must be considered.

The effects of raising fossil fuel prices in LDCs has received less research 
attention than the comparable problem for developed countries. The work that 
has been done suggests important heterogeneity in the likely effects of such 
policies on different LDCs. Blitzer et al. (1992), for example, contrast the effect 
of a carbon tax on India and Egypt, and recognize that differences in the 
relative use of coal and other fossil fuels, as well as differences in economic 
structure, play an imporunt role in determining the effects of such Uxes on 
individual nations.

Less developed countries also differ from developed countries in their 
current tax treatment of fossil fliels. While most industrial nations tax these 
fuels, many LDCs currendy subsidize the direct consumption of fossil fuels, and 
the indirect consumption through elertricity..Table 3 presents suggesdve infor­
mation on these subsidies, drawn from Shah and Larsen (1991). The World 
Bank (1992) estimates that eliminating fossil fuel subsidies could reduce carbon 
dioxide emissions by 29 percent in the former Soviet Union and Eastern 
Europe, and by 11 percent in currendy developing nations. Combined, these 
reductions would yield an 11 percent reduction in current global emissions of 
carbon dioxide. Eliminating these subsidies would also confront consumers in 
the subsidizing nations with world market prices for their fuels, thereby im­
proving the efficiency of global energy consumption.®

»Just as introHncing new carh„n taxes would have adjustment eo„s. remosintf current sul,suites 
would lesult m ecoiutiim didn..u„,n. At,Mui, these culd Ite iuimmi/e<l hs t;ra,lual phase-out
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Table 3
Subsidies to Fossil Fuel Consumption
{measured by ratio of domestic to border price)

Country Coal SaluTot Gas

China
Fortner USSR (1991)
Poland
India
United Kingdom 
South Africa 
Czechoslovakia 
Mexico

.84 .48 .40

.50 .49 .35

.31 .77 .50

.86 .90 _.90 ' — _.50 — _.40 .85 _
— .48 _

Source; Shah and Larsen (1991), Table Bl.

While existing energy subsidies may be difficult to justify on efficiency 
grounds, they may serve distributional objectives within countries. This makes 
the claim that subsidy removal provides a “free lunch" overly optimistic. 
Viewed from the perspective of a social planner with distributional as well as 
efficiency objectives, eliminating the subsidies may have real costs. This is 
supported by a cursory analysis of fossil fuel subsidies in the developed world, 
where these subsidies are invariably the result of domestic political pressures. 
In the United Kingdom, for example, subsidies to coal use sustain mine 
employment in particularly depressed regions. In the United States, despite 
overwhelming evidence that scrubbing high-sulfur coal is not a cost-effective 
way to reduce sulfur oxide emissions, clean air policy for more than a decade 
required scrubbers on some power plants. This was largely due to the political 
influence of high-sulfur coal miners.

The political economy of fossil fuel subsidies in LDCs poses an important 
impediment to efficient global action to reduce greenhouse gas emissions. A 
cost-effective way to surmount these internal political problems could involve 
resource transfers from some developed nations to some LDCs, explicitly 
targetted at compensation for the “losers” from policy reforms. Finding an 
institutional structure for such transfers, however, confronts the problems of 
coordinated international action that were described earlier.

The importance of deforestation in contributing to greenhouse gas emis­
sions from less developed countries raises a second set of differences between 
global climate policies in developed and developing nations. Forest-burning 
currently accounts for approximately one-fifth of anthropogenic emissions of 
carbon dioxide (World Resources Institute, 1991). In Brazil, deforestation is 
three times as important as fossil fuel consumption aS a source of COj emis­
sions (Shunker, Salles, and Rios-Velilla, 1992). Some forecasts call for rapid 
increases in the rate of deforestation, particularly in .Amazonia, in the earlv part

Si;
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agricuUural use by ne^seufen'^M burning occurs as the forest is converted to 

aff«ttherateofdefofe^Uo™,l^P”“« ">« 

for iurniture constr:S;al°'r^'p;SlT^^^^^^^ -ardwoods

forested areas. In Brazil, for examole the expansion in currently-
encouraged settlement in rain S ;eefons ^ historically
Margulis (1991) explain that credit ooh ‘ .^'"*'^^"8®'' ^*989) and Reis and

ing fossil fuel subsidies in promirin/riT P^^^llels remov-
greenhouse gas emissions. They are likelfTS’"
polices. Cline (1992) concludes that the cost of y
s'ons by removing government incentives to defores^t'''"^ ®
per ton. This is substantially less than mn«r ^
costs in developed nations. estimates of cmission-reduaion

logging and other^re^alSl laivhies^Panavof^^' h 7“

deforesution to Thailaud, and condude tha°“taxM o
have significant effects in discouratrina In • '■^source rents would
areas. Empirical analysis of su^h -nsitive
ties, such as that for logging activifv * depends on a set of elastici-
cases are known with very little precisiX-T^e nro
carbon dioxide emissions from the Third W u “nportance ofparameters is an important rLth pr“ these

tropical forests. One of the'^cimrJrproIE'^'-^^A^^^*^'* on the utilization of
land claims are difficult to enforce ^s that lind '"here
perspective in making land use decisions l ^ ‘^^e a long-term
cost of obtaining land, and lead tenants to property rights reduce the
burning the forest and exploiting the resu^"”'? short-run returns, often by 
Weak property rights discourage replantinro^f 
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effects other than those concerned with global climate change. Nevertheless, 
this is a type of policy that could significandy affect greenhouse gas emissions.

Conclusion

This paper has sidestepped the single most important question in design­
ing a carbon tax: what is the optimal tax rate? In principle, this question is 
simple to answer: the optimal carbon tax equates the present discounted value 
of the net externalities from a ton of carbon emitted today with the marginal 
cost of emission reduction, making appropriate correction for distributional 
differences in the incidence of benefits and cosu. Even after several years of 
intense research activity on carbon taxes and global warming, however, there is 
great uncertainty concerning the optimal carbon tax rate. While such uncer­
tainty is not unprecedented in tax policy discussions (what is the optimal tax 
rate on capital gains?), the sources of this uncertainty suggest promising direc­
tions for future research. Two aspects of this uncertainty deserve comment.

One source of uncertainty about optimal carbon taxes concerns the appro­
priate discounting for time and risk in considering the policy’s costs and 
benefits. In this journal, Chichilnisky and Heal survey many of the issues 
related to this question. Cline (1992) has emphasized that policies to reduce 
greenhouse gas emissions are more attractive at low discount rates and when 
the policy analysis involves a longer time horizon. Yet there is little agreement 
on what discount rate is appropriate for such calculations.

A second source of uncertainty concerns the economic consequences of a 
given level of greenhouse gas accumulation. The efforts by Nordhaus (1991) 
and Cline (1992) to estimate how the U.S. would be affected by global warming 
suggest the immensity of the calibration exercise. The task is complicated 
further by the sensitivity of the loss estimates to events that occur with low 
probability. Even if the mean and median outcomes are not particularly costly, 
outcomes with one chance in ten may be very costly to the United States and 
other nations. It is difficult enough to estimate the mean effects of various levels 
of greenhouse gas emissions; trying to specify the entire distribution of such 
outcomes, as well as the probability of remote outcomes such as shifts in the 
Gulf Stream, is an extraordinary research challenge for physical scientists. 
Economics must be ready, however, to help evaluate such forecasts as they 
become available, and to focus attention on areas where uncertainty reduction 
is most valuable.

Given the significant cost uncertainties associated with policies to slow 
greenhouse gas emissions, caution is likely to be a key characteristic of optimal 
policies. Low carbon taxes, enacted on a nation-by-nation basis, can establish 
the mechanism for revenue collection and provide some evidence on how these 
taxes affect economic activity. Immediate enactment of a high-rate carbon tax
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would email substantial policy risk, and is best done (if ever) after experience 
with more modest ux levels.

■ / am grateful to Lawrence Goulder, Ron Promboin. Carl Shapiro, Richard Stroup. 
Timothy Taylor, and especially Richard Schmalensee for helpful comments. This research 
ivas supported by the InstUute for Policy Reform, the NSF, and the MIT Center for 
Energy and Environmental Policy Research.
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Dr. Joseph Stiglitz 
Chainnan
Council of Economic Advisers 
Old Executive Office Building 
Washington. D.C.

Dear Joe:

Rumor has it that in addition to all your other responsibilities you will be a major architect of the 
administration’s anal>'tic framework for climate change policy analysis (1 first heard about this whv n I 
testified before the Senate Energy and Resources Coimnittee on September 17th in a hearing that 
started with testimony by Under Secretaiy of State Tim Wirth). .As you may know.
1 have spent a great deal of my time during the last six years on studies, reviews, and model 
comparisons on a broad range of climate change policy issues. If you need an>’ input from me or am 
of our various working groups (which include most of the analysts working on these issues) at any 
time do not hesitate to call on me. In fact. I met u ith Lany Lau today on some projects we are doinv, 
together, and told him what was going on in the administration and he said he would also be viillinp lo 
seiwe as an e.xtenial reviewer if that would be lielpfid to you. Unlbrtunately. I will not be in 
Washington again until November 12-15. but hope to see > ou at the discount rate workshop Paul 
Portney and I have put together at REF on the 14th and 15th of November (I was at a brunch with 
Kemieth An ovv on Saturday and he convinced me he has yet another round of new ideas on that 
subject).

Sincerely yours.

Jolui P. Weyant
Department of Engineering-Economic Systems and Operations Research
Stanford University
Stanford. CA 94305-1050
Phone: 415-723-3506
FAX: 415-723-4107
E-Mail; weyant@leland.stanford.edu
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Harvard University

Dr. Florentin Krause 
Staff Scientist
Lawrence Berkeley Laboratory

Philip E. Clapp 
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Environmental Information Center

Dr. Daniel Lashof 
Senior Scientist
Natural Resources Defense Council
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Abstract

Conventional wisdom has it that top-down studies of mitigation costs are too pessimistic 
while bottom-up studies are too optimistic. In examining mitigation cost studies for 
Western Europe, this paper fmds this interpretation to be seriously flawed. The paper 
expands the analytical framework for interpreting mitigation cost studies, evaluates the 
treatment of no regrets options and other input assumptions in the various studies, and 
includes findings from recent integrated top-down/bottom-up modeling assessments not 
covered in the IPCC report. Based on these new elements, it is found that mitigation 
costs tend to be overestimated not only in top-down studies, but also in bottom-up 
studies. Given this pervasive bias toward pessimism, the body of existing mitigation cost 
assessments for Western Europe can be read as follows: Over the next three to four 
decades, a combination of tax shifts, market transformation instruments and policies to 
reform subsidies and internalize non-climatic externalities could cut carbon emissions in 
Western Europe by 40-50 percent relative to the base year, at no loss or at a gain in gdp. 
Averaged over the medium-term and including a phase-in period, an economically 
optim^ rate of implementing Western Europe's no regrets potentials is found to be in the 
neighborhood of 2 percent per year relative to base year levels.
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INTRODUCTION

As in the case of the North American studies, mitigation cost estimates ^ for Western 
Europe vary widely. For any given reduction target between stabilization of carbon 
emissions and a 50 percent reduction, and for time horizons between now and 2030, the 
highest estimates indicate significantly positive costs while the lowest estimates indicate 
significantly negative costs (i.e., a net economic gain from mitigation efforts, or an 
opportunity cost from not pursuing such measures). Moreover, though the median results 
from top-down studies are distinctly higher than those from bottom-up studies, there is 
significant overlap between their ranges: estimates from net costs to net benefits are 
found within both bodies of research.

This wide range of results poses a challenge. To obtain useful policy guidance, reported 
findings have to be further interpreted. First, it is necessary to understand how the 
paradigmatic differences between top-down and bottom-up studies contribute to these 
divergent results. Second, it is necessary to explain the differences in findings within 
each category of studies. Third, one has to consider possible shortcomings and biases 
that are common to all mitigation cost assessments, whether top-down or bottom-up.

Working Group III of the IPCC has made a first attempt to provide such interpretation 
and review (IPCC 1996: Chapters 8&9). This paper builds on Chapters 8 and 9 of the 
IPCC report but also augments it in significant ways. The paper expands the analytical 
framework for interpreting mitigation cost studies, offers a more detailed and 
comprehensive critique of bottom-up procedures, including recent empirical evidence on 
the economics of market transformation options, and more carefully correlates the 
findings of individual studies with the treatment of no regrets options and other key input 
assumptions. It also examines recent integrated bottom-up/top-down smdies of combined 
fiscal and non-fiscal policy packages that were not covered in the IPCC report. These 
expansions not only provide a fresh view of the cost biases in top-down and bottom-up 
studies, but also allow considerably more definite conclusions regarding the "no regrets" 
potential for carbon reductions in Western Europe and by implication, in the OE& in 
general.

Pessimism versus optimism in mitigation cost estimates

Elsewhere in this issue, Hourcade and Robinson present the conventional wisdom, 
according to which top-down studies may be too pessimistic (i.e., mitigation cost 
estimates may be too high), while bottom-up studies may be too optimistic. This line of 
reasoning, which is mainly driven by alternative interpretations of the energy efficiency 
gap, suggests that actual mitigation costs fall somewhere in between. Symbolic of such a 
compromise, the Executive Summary of Working Group in arrives at a minimum 
consensus estimate, according to which the no regrets potential for reducing carbon 
emissions in OECD countries is 10-30 percent below baseline projections over the next 
several decades.

The present review arrives at a different assessment. It finds that both top-down studies 
and bottom-up studies are overly pessimistic, i.e., that both tend to significantly overstate 
mitigation costs. This alternative interpretation arises from consideration of four factors:

— A range of no regrets options that are omitted not only in top-down 
studies but also in bottom-up studies;



European studies; p.3 Energy Policy

— The pessimistic estimating bias created by the omission of 
macroeconomic feedbacks in bottom-up studies;

— Empirical evidence from market and policy evaluation research 
substantiating the interpretation of the energy efficiency gap as an 
economic efficiency gap;

— A net bias toward pessimism created by various approximation 
procedures within engineering-economic life cycle cost- analyses 
themselves.

The conventional wisdom on the supposed optimism of bottom-up studies ignores these 
factors.

The following paper is divided into three sections. In the first section, we review a range 
of generic factors that may create, individually or in combination, a bias toward optimism 
or pessimism in mitigation cost studies. The focus here is on bottom-up studies since 
these give the lowest mitigation cost estimates. In a second section, we review and 
interpret the results of various Western European bottom-up studies, with emphasis on 
multi-country analyses that put national differences into a larger perspective. In a third 
section, we review and interpret Western European macroeconomic studies. Here, the 
emphasis is on integrated bottom-up/top-down assessments, which overcome one of the 
main difficulties in comparing the two types of modeling analyses.

Range of zero or negative-cost policy options

The pivotal role of no regrets options in mitigation cost analysis arises from the fact that 
benefits from negative-cost measures may offset all or a portion of the impacts from 
measures with positive costs. If no regrets measures are not just cost-neutral but produce 
sizable benefits (other than climate change mitigation), even a limited supply of negative- 
cost emission reduction measures can generate sufficient savings to offset large emission 
reductions with slightly positive costs. The level of emission reductions that can be 
achieved at a zero total cost to the economy at large may thus be significantly greater than 
the reductions that can be obtained from no regrets measures alone.

Indeed, it then becomes conceivable that the entire transition to a climatically neutral 
level of carbon emissions could be possible at a net economic benefit to society. Such a 
net transition benefit could arise if savings from zero and negative cost measures over the 
next several decades are large enough to exceed the costs of accelerating the development 
and advancing the market diffusion of cheap low-carbon supplies.

Range of no regrets options

The principal energy-related policies that could reduce carbon emissions while improving 
economic efficiency are the following:

1) Energy or carbon taxes, coupled with shifts in the tax structure that 
reduce the overall deadweight losses of the tax system

2) Removal or reform of various subsidies for energy sources and 
technologies
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3) Internalization of environmental externalities not related to climate 
change

4) Market transformation policies
a) Utility regulator reforms that eliminate barriers to entry for 

generators using cogeneration and renewables-based 
technologies

b) Market transformation policies that eliminate barriers other 
than entry to investments in cost-effective cogeneration and 
other low-carbon energy supply technologies

c) Utility regulatory reforms and other market transformation 
policies that eliminate barriers to cost-effective investments in 
energy-efficient end-use technologies

d) Utility regulatory reforms and other market transformation 
policies that eliminate barriers to economically efficient 
substitutions of lower-carbon natural gas or district heat with 
higher carbon electricity or vice versa

5) Accelerated research and development (R«&D) and 
commercialization programs for new energy efficiency and low- 
carbon supply technologies.

The term energy tax is used in this paper as a generic concept that may or may not 
include taxes differentiated by carbon content.

The term market transformation (option 4) is used here to broadly describe policy 
measures that reduce market failures through instruments other than changes in energy 
prices. The major non-price instruments include energy efficiency incentives for energy 
users provided by utilities and/or governments; procurement incentives for 
manufacturers provided by utilities and/or governments; voluntary agreements or 
standards between governments, professional societies, and manufacturers; and legally 
mandated minimum efficiency standards. Three of these four major policy instruments 
rely on voluntary participation by consumers and/or manufacturers.

Option 5 addresses the well-recognized pattern of private under investment in R&D, and 
the inability of markets to optimize the time path for the development and 
commercialization of competing new technologies.

The economic pessimism of top-down studies

It is widely agreed that top-down studies tend to overestimate mitigation costs. This bias 
is partly due to pervasive deficits in the analysis of no regrets options based on subsidy 
remov^, incorporation of environmental externalities, and tax shifts, as illustrated in 
Table 1. The non-climatic environmental benefits of a carbon tax alone may be of the 
same order of magnitude as the gdp losses calculated in various top-down studies.^ 
Similarly, the removal and reform of subsidies could produce significant emission 
reductions at negative net cost, especially in the context of a climate protection strategy. ^

Shortcomings of top-down studies in these areas can reinforce each other. For example, 
non-consideration of environmental externalities, subsidies, and market transformation 
options may lead to grossly excessive estimates of required carbon taxes and erroneous
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assessments of the gdp and welfare effects of tax shifts (see the section on top-down 
studies below).

Table 1 here.

In addition, the modeling procedures of top-down studies introduce several other biases 
toward overestimating mitigation costs, and so can the choice of model type itself.*^ The 
key factors involved are inadequate treatment of saturation effects and associated 
structural changes in final energy demand (Swisher and Wilson 1993), omission of cost- 
reducing feedback effects between carbon constraints and the rate of technological 
innovation (Carraro 1994, Gerstenberger 1992);^ and implicit use of private discount 
rates rather than lower discount rates that may be appropriate for policy analysis (Krause 
et al. 1993).

Some of the differences between bottom-up and top-down analyses can be overcome by 
integrating the two modeling methods, as has been done in several recent Western 
European studies (see the last section of this paper). Such an integrated modeling 
approach allows the analysis of tax shift options in combination with non-fiscal measures 
while at the same time capturing the all-economy feedback effects of non-fiscal 
programs. However, the results of such integrated studies are still centrally driven by the 
bottom-up analysis of alternative energy systems. Thus, a central task in interpreting the 
existing literature on mitigation costs is the clarification of estimating biases associated 
with bottora-up methods.

The economic pessimism of bottom-up studies

The view that bottom-up studies are inherently optimistic is based mainly on two 
assertions:

— That the economy-wide feedback effects omitted in bottom-up 
studies have the effect of increasing mitigation costs.

— That many of the observed market barriers to the adoption of energy 
efficiency technologies may not in fact represent market failures; 
and/or, that the implementation costs of correcting these problems 
would exceed the benefits of improved markets.

It is argued below that this assessment is fundamentally flawed. First, it assessment fails 
to consider all relevant factors that need to be taken into account in determining the net 
pessimism or optimism of bottom-up smdies. Second, it fails to consider pertinent 
theoretical research and empirical research on those cost factors that are tadcen into 
account.

Pessimism due to omission of important no regrets options

For the above assessment to be conclusive, bottom-up studies would need to exhaustively 
cover all no regrets options. Simple inspection of available studies for Western Europe 
and other OECD countries shows that this is not the case. In particular, bottom-up 
studies routinely omit the economic benefits from three important no regrets options:
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— economically advantageous tax shifts;®
— subsidy removal; and
— incorporation of non-climatic externalities.

As already discussed, the last two options are routinely omitted in top-down studies as 
well. The omission of these no regrets options represents a significant bias toward 
pessimism. These deficits are by themselves sufficient to put into question the claim that 
bottom-up studies underestimate the costs of mitigation.

Pessimism due to omission of feedback effects

Bottom-up studies represent incomplete, partial equilibrium analyses covering only the 
energy sector. As such, they cannot capture the impacts from substitutions of fossil fuels 
that occur outside the energy sector. These impacts include changes in prices, in 
disposable income, in trade and in the sectoral composition of gross domestic product, all 
of which lead to secondary changes in final energy demand. Because of these limitations, 
estimates from bottom-up studies are necessarily approximate. However, as discussed 
below and as further demonstrated by the results of integrated bottom-up/top-down 
studies, the net bias introduced by these limitations is toward overestimating mitigation 
costs.

The rebound effect

Basic economic considerations suggest that the implementation of money-saving energy 
efficiency options will generate a feedback effect. Provided that no compensating energy 
or carbon tax increases are introduced, cost-effective market transformation policies may 
raise the demand for energy services relative to the fixed business-as-usual level assumed 
in bottom-up studies, and may somewhat"^ raise final energy demand. This rebound effect 
would then make somewhat larger emission reduction efforts necessary to achieve a 
given reduction target. In that sense, bottom-up studies could underestimate mitigation 
costs.

Bias toward pessimism in the context of climate protection strategies

This line of reasoning fails to account for the suppressive impact of climate stabilization 
strategies on the rebound effect. It also fails to take into account other feedback 
mechanisms that arise in this policy context and that tent to bring major reductions of 
mitigation costs. The net effect is an overestimation of mitigation costs.

First, as shown in theoretical research (CEC 1992, Howarth and Winslow 1994), a least- 
cost strategy for reducing emissions would consist of energy taxes and market 
transformation programs in combination. Under such a strategy, Ae after-tax prices of 
energy and fossil fuels are likely to rise significantly. These higher after-tax energy 
prices will tend to direct additional disposable income from cost-effective energy savings 
into less energy-intensive forms of consumption than found in the business-as-usual case. 
This will tend to suppress rebound effects. ^

Second, even as after-tax energy prices rise beyond those in the reference case, the 
economy at large will still benefit from reduced pre-tax fossil fuel prices as the use of 
fossil fuels declines. This potentially large secondary economic benefit of emission 
reduction measures is not endogenously captured in bottom-up studies, which adds a 
systematic bias toward pessimism.^
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Third, most bottom-up studies fail to account for the reduction in the cost of energy 
efficiency technologies that occurs when market transformation policies move these 
products from niche markets with high mark-ups into mass markets with low mark-ups. 
Evidence from market research suggests that this poUcy effect can gready reduce the 
first-cost premium of energy efficiency technologies (GEA 1994). In favorable cases, it 
may entirely eliminate this premium, as illustrated by the experience with refrigerator 
efficiency standards in the U.S. (Greening et al. 1996). By contrast, bottom-up studies 
typically rely on data derived from current market prices, which include the high first cost 
premiums found under status quo conditions of limited market share.The use of 
current market prices or implausibly high mark-ups in pgineering-economic analyses of 
mass manufacturing again creates a bias toward overestimating mitigation costs.

Finally, bottom-up models suffer from the same lack of endogenous mechanisms as top- 
down models when it comes to capturing the feedback effects of aggressive climate 
protection policies on the rate of innovation in the area of energy efficiency and low 
carbon supply technologies. As a result, bottom-up studies may at once underestimate 
the future-year resource potentials of energy efficiency and other low-carbon technology 
measures and overestimate the costs of these technologies.

Correcting the energy efficiency gap: adjustment costs and implementation costs

Bottom-up and top-down analysts agree that the phenomenon of the energy efficiency 
gap can in principle be explained by information failures, principal/agent conflicts, losses 
of consumer surplus, high transaction costs, bounded economic rationality, uncertainty 
regarding ex post performance, and a variety of combinations thereof (Jaffe and Stavins 
1994, Krause et al. 1994, Sanstad and Howarth 1994).

Furthermore, it is widely agreed that policy action aimed at facilitating the adoption of 
technologies with lower life cycle costs can only result in net economic benefits when 
such action succeeds in reducing the sum of all direct plus indirect costs associated with 
adopting life cycle cost minimizing technologies, without creating implementation costs 
that exceed the benefits of such action.

Expanded empirical basis of bottom-up analysis
Many top-down analysts believe that bottom-up research overlooks or ignores the indirect 
and intangible cost factors not captured by life cycle cost analysis. This perception, and 
related claims that current markets for energy efficiency may already be economically 
efficient, have their origin, in part, in the failure of most bottom-up studies to connect 
their empirical data to a rigorous theoretical economic framework. This gap has been 
closed in recent work by Sanstad and Howarth (1994), who conclude that a wide range of 
market barriers identified in bottom-up research constitute market failures in the standard 
economic sense.
Another outdated preconception is that bottom-up research is purely engineering- 
economic and thus devoid of behavioral and other data. Over the last decade, bottom-up 
analysis has expanded to include applied research on consumer behavior, marketing 
patterns and institutional conditions, and on the effectiveness of utility and government 
sponsored market transformation programs. This broadened body of empirical research 
provides persuasive and unrefuted evidence that most energy efficiency technologies and 
well-designed policy programs preserve or increase consumer surplus. The same 
evidence shows that such programs can cost-effectively reduce or eliminate transaction
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costs and other adjustment costs that now prevent the adoption of economically optimal 
technologies (Krause et al. 1994).

Consumer surplus and preferences

Technical analysis shows that in many end-use applications, energy-efficient technologies 
are identical to standard versions in every respect except energy use (Koomey and 
Sanstad 1994). Moreover, such analysis demonstrates that many of these technologies 
increase utility and comfort, not diminish it These findings are complemented by market 
research showing, for example, that adoption rates for energy-efficient technologies in 
new commercial buildings differ greatly based on whether firms owned or rented these 
buildings (Hines 1990). If a loss of utility, productivity, or comfort were the decisive 
factor in technology choice, — rather than the landlord/tenant agency problem — one 
would have expected the same adoption rates among both groups.

In addition, volunt^ market transformation programs based on incentives and 
procurement competition provide a market-based testing ground in which consumer 
preferences and other indirect cost factors fully come to play. The high participation 
rates achieved in many U.S. and Western European utility demand-side management 
programs (Nadel 1990, Mills 1993) show that consumers and firms readily embrace 
energy-efficient technologies when programs are well-designed, i.e., when they 
effectively reduce transaction costs for testing and obtaining these devices.

Even regulatory policies based on minimum efficiency standards for buildings, vehicles, 
and component equipment can incorporate market-based mechanisms that safeguard 
against losses of consumer surplus. Such regulatory standards also are routinely subject 
to cost/benefit tests. A comparison with command and control regulations in the field of 
classical pollution control is therefore misleading.

Costs of policy implementation

The omission of program administrative costs in many bottom-up studies represents a 
bias toward optimism. The quantitative significance of this omission depends, in part, on 
the assumed mix of policies. A major portion of energy-efficiency technology options 
can be implemented using voluntary agreements and/or mandatory efficiency standards, 
for which implementation costs are typically negligible.^'*

Where more expensive incentive-based programs are used, administration costs have 
been found to add less than 15 percent on average to engineering-economic technology 
costs. The growing use of systematic process and impact evaluations has led to a 
falling trend as utilities and energy service companies have gained experience. More 
recent, third generation procurement-based programs and voluntary agreements have still 
lower administration costs and can approach those for regulatory standards. Overall, 
these findings from evaluation research suggest that for a coordinated package of 
voluntary and regulatory instruments, average implementation costs across all end-uses 
can be limited to less than five percent of technology costs. This cost correction 
represents at best a minor fraction of life cycle cost savings and will not substantially 
change the cost-effectiveness of energy efficiency options.
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Biases created by other input assumptions and modeling procedures

Even if bottom-up studies were significantly optimistic in their treatment of indirect 
costs, this would be an insufficient basis for concluding that their mitigation cost 
estimates are optimistic. Rather, it is necessary to comprehensively examine the various 
bottom-up input assumptions and modeling procedures for additional factors that might 
create a bias toward pessimism or optimism. Factors that result in overestimation of 
mitigation costs include the following:

— Incomplete analysis of end-uses and sectors

— Incomplete or dated analysis of technology and policy options

Neglect of 
technologies

demonstrated near-commercial and advanced

— Omission of capital cost savings from downsizing of downstream or 
upstream equipment and from lower maintenance and replacement 
costs for such equipment

— Omission of cost savings due to changes in non-energy process 
requirements (labor, water, materials)

— Omission of secondary benefits due to increased consumer amenity 
or productivity

— Omission of credits for avoided transmission and distribution 
investments and O&M costs in utility systems

— Use of prototype-based costs rather than mass market costs for near­
commercial technologies

— Use of discount rates higher than the social discount rate 

Factors that create a bias toward optimism (i.e., underestimation of mitigation costs) are:

— Omission of policy implementation costs (see above)

— Omission of losses of consumer amenity and other indirect costs that 
are not offset by gains in utility and that cannot be reduced or 
eliminated by market transformation policies

— Overestimation of energy savings that can be achieved in practice 
due to inaccurate baseline data and lack of field measurements

— Insufficiently disaggregated analysis of technology cost- 
effectiveness by equipment type, size, intensity of utilization, and 
geographic location

In an in-depth analysis covering 21 costing factors including the above list, Krause et al. 
(1995b) find that purely engineering-economic life cycle cost estimates for efficiency 
improvements in Western European electricity use tend to be significantly biased toward 
overestimating the costs of saved energy, and thus the cost of mitigating carbon 
emissions.
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Uncertainties about policy adoption in the political process

From a purely economic point of view, the timing of technology shifts in bottom-up 
scenarios is conservative in that no premature retirement of end-use equipment is 
assumed!® and shifts occur over two or more replacement cycles for many end-uses. The 
implied or assumed phase-in periods broadly match experience with introducing utility 
demand-side management programs and government efficiency standards in a range of 
end-uses. Bottom-up scenarios simply assume a much more widespread and 
synchronized application of these instruments.
Though the institutional capabilities for carrying out major market transformation 
programs have been demonstrated, scenarios based on complete economy-wide 
implementation of technical-economic potentials can be questioned from the point of 
view of political feasibility. For a given reduction target and time table, mitigation costs 
may rise if only a fraction of replacement investments are in fact shifted to cost­
minimizing high-efficiency technologies.
This potential source of cost assessment optimism is difficult to quantify since it depends 
in large measure on political judgment. Furthermore, the political feasibility argument 
can be raised about other proposals for climate stabilizing policy action as well, such as 
high carbon taxes or tradeable permit systems. As discussed below, most easting 
bottom-up estimates are based on significantly less than the full implementation of 
technical-economic resource potentials.
More fundamentally, mitigation cost studies are to inform the societal policy-making 
process, not prejudge it. The purpose of economic assessments may be defeated when 
technical-economic calculations are strongly altered by assumptions about political 
feasibility. In a properly agnostic approach to this issue, the implementation fraction 
would be treated as an explicit scenario variable (see the review of individual studies 
below).

REVIEW OF WESTERN EUROPEAN BOTTOM-UP STUDIES

The time horizons used in the key bottom-up studies for Western Europe range from the 
year 2010 to 2030. Three major multi-country projects were conducted. These are the 
Coherence study for the Joule program of the European Commission (Coherence/CEC 
1991), which covered ten European Union countries ; the ETSAP study for the lEA 
(Kram and Okken 1993), which covered Belgium, Italy, the Netherlands, Norway, 
Sweden, and Switzerland in addition to several non-European OECD countries; and the 
IPSEP study for the Dutch government (IPSEP 1993/1996, Krause 1995), which covered 
France, Germany, Italy, the Netherlands, and the United Kingdom.

In addition, a number of national bottom-up studies were undertaken. Among these, by 
far the most comprehensive is that of the Enquete Commission on Climate Protection of 
the German parliament (Enquete Commission 1995). The Enquete Commission's 
bottom-up scenarios were also used in an integrated bottom-up/top-down macroeconomic 
modeling assessments for that country (see the section below on top-down and integrated 
studies). Two national bottom-up studies were performed for Denmark (Morthorst 1993) 
and for the Netherlands (Ybema et al. 1993) as part of the UNEP country studies program 
(UNEP/Ris0 1994). A number of further important contributions were made in sectoral
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bottom-up studies such as the Swedish study of the heat and power sector (Bodlund et al. 
1989, Mills etal. 1991).

The energy sector baseline: business-as-usual versus least-cost energy system

In most of the Western European bottom-up studies (i.e., in the Danish UNEP, FRG 
Enquete Commission, Coherence/CEC and IPSEP studies), mitigation costs are 
calculated relative to business-as-usual scenarios for the demand for final energy and the 
mix of supply sources. These business-as-usual projections not only omit most cost- 
effective demand-side efficiency resources but typically also fail to reflect a least-cost 
mix of energy supply sources.i'^

Despite these shortcomings — or, rather, because of them — these "conventional 
wisdom" scenarios arguably provide the most meaningful baseline for determining the 
incremental costs or benefits of alternative carbon reduction strategies. They broadly 
represent official energy planning and policy as pursued during the 1980s, before climate 
change became an important concern. The policy initiatives in the fields of energy 
efficiency and renewable energy that have been undertaken since then are far from 
sufficient to implement available technical-economic potentials. Therefore, business-as- 
usual projections best approximate the costs of energy services Western European nations 
might have incurred and/or were prepared to bear in the absence climate-oriented policy 
changes.

An alternative baseline definition is used in the ETSAP studies and in the Dutch UNEP 
study. Here, the reference scenario is, at least nominally, a least-cost mix obtained 
from a strictly economic integration of the various resource options using a linear 
propgramming model. Implicit in this least-cost baseline are technology shifts that 
produce substantial economic savings relative to a business-as-usual case. The 
substantial changes in existing energy policies that are required to bring about a least-cost 
baseline are, however, not detailed. These changes are reserved for the policy case in the 
other studies.

Economic indices for comparing study results

In exploring mitigation costs, both total costs and marginal costs of emission reductions 
are of interest, but the usefulness of each in comparing studies and countries depend on 
the type of baseline. When an optimized energy system is taken as the baseline, both the 
marginal and total costs of mitigation are by definition positive for all levels of emission 
reductions. However, when the reference case is a business-as-usual scenario, total costs 
may be negative or positive, depending on the reduction target and the size of negative- 
cost and zero-cost resource potentials. Each group of studies therefore needs to be 
considered separately.

Quantitative results: zero net cost reduction potential and time path

Results from the Western European bottom-up studies using a business-as-usual baseline 
are given in Table 2. Findings are reported in terms of the maximum analyzed percentage 
reduction relative to base year emissions that was found to produce a zero or negative net 
change in the cost of energy services relative to the baseline,

Table 2 here.
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costs enter the resource mix only when considering reductions in excess of 20-40 percent 
relative to base year levels.

Regardless of their magnitude, these differences in marginal costs point to the potential 
economic advantage of a tradable emission rights system within the European Union. 
However, top-down assessments also show that national differences in the energy or 
carbon intensity of gdp are an unreliable predictor for the relative macroeconomic 
impacts of carbon constraints (CEC 1992).

Analytical and data differences

The wide range of the above study results can be narrowed considerably, and thus yield 
more precise policy guidance, if important differences in input assumptions are taken into 
account. These are: incomplete coverage of end-uses and sectors, only partial policy 
implementation of economic resource potentials, incomplete portfolios of technology 
measures for the covered end-uses and sectors, and various differences in cost definitions 
and data.2i

Coverage of end-uses and implementation of technical-economic potentials
The degree to which demand-side efficiency potentials were considered in each study is 
indicated in Table 2. The percentages represent the combined effect of the scope of the 
end-use analysis and of the assumed implementation of technical-economic potentials. 
The Coherence/CEC study covered only about a quarter of final energy consumption.22 
In the Danish UNEP and ERG Enquete Commission studies, energy efficiency options 
for the transport sector beyond those incorporated in the baseline were neglected or their 
costs were not analyzed and simply assumed to be zero. The IPSEP study developed cost 
curves for efficiency improvements in all sectors including the transport sector.

Different assumptions were also made regarding the feasible implementation fraction. 
For example, the Danish UNEP study assumed close to 100 percent implementation of 
supply-side no regrets potentials, but only a roughly 60 percent implementation of 
analyzed demand-side potentials. 23 In the IPSEP study, the mobilization of efficiency 
and other unconventional resources was made an explicit variable. Mitigation costs were 
calculated assuming, respectively, 25%, 50%, 75%, and 100% mobilization of the 
technical-economic potentials of energy efficiency, cogeneration, and renewable 
resources.

Technology and cost data
Not all studies succeeded equally in developing internally consistent technology, cost, 
and program implementation data. The most detailed substudies on these input 
assumptions are found in the FRG Enquete Commission and IPSEP reports.2“^ 
Comparison with the IPSEP and FRG Enquete Commission substudies suggests that the 
Coherence/CEC study understated cost-effective percentage efficiency improvements in 
the major end-uses by a factor of two or more.25 The "low" and "high" sensitivity cases 
in the IPSEP study illustrate that feedback effects of climate policies on technology costs 
and fuel prices can decisively reduce total mitigation costs. 2®

Inconsistencies in "optimized" baselines
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The figures in Table 2 not only provide the absolute emission reductions that can be 
achieved at zero or negative net cost, but also an approximate indication of the 
adjustment periods needed for realizing these targets in a least-cost fashion. The 
following reduction ranges were obtained for the countries covered in these studies:

By about 2005-2010: 10 - >36 percent (median of 23 percent)
By about 2015-2020: >23 - 58 percent (median of 41 percent)
By about 2025-2030: >45 - >60 percent (median of >53 percent)

Averaged over the time horizon of each study, annual no regrets reduction rates are found 
to be a compounded 1-3 percent per year relative to the base year and 3-6 percent per 
year relative to the business-as-usual baselines.

The studies shown in the table were not or only partially normalized regarding economic 
growth, structural change, fuel prices, technology costs, policy effectiveness, etc. Despite 
these variations, the figures show a consistent pattern:

— Within the year 2000-2030 time frame, larger reductions become 
feasible at zero net cost as time horizons grow longer, despite 
continued economic growth.

— For any given target within the range of zero-cost reductions, 
mitigation costs decline as longer adjustment periods are allowed for 
reaching the target.

This pattern reflects the fact that all of the above bottom-up studies identify significant 
energy efficiency, fuel switching and cogeneration potentials that are not exploited in the 
reference case. Because most of these no regrets resources are introduced in the course of 
normal capital stock turnover, cost-effective carbon reductions "keep coming."

Quantitative results: marginal costs

Given the wide range of carbon intensities found in the status quo and baseline energy 
supply systems of Western European countries, 20 a significant range of marginal costs is 
to be expected. This is borne out by the results of the three multi-country projects:

— In the Coherence/CEC study, the range across nine countries is 0- 
40$/ton of CO2 for stabilization at base year levels (time horizon 
2010). For a ten percent reduction, the range becomes much wider at 
6-1560$/ton of CO2.

— In the ETSAP study, the marginal cost of limiting year 2020 
emissions to 1990 levels ranges from a low of about zero (Belgium) 
to a high of about 700 $/ton of CO2 (Sweden).

— In the IPSEP study, the marginal costs of limiting year 2020 
emissions to base year levels or of reducing them by 10 percent is 
small or negative in all five countries analyzed.

Here as elsewhere, the degree of detail and comprehensiveness in the analysis of no 
regrets options plays a decisive role. The negative marginal costs found in the IPSEP 
study arise mainly from cost-effective energy efficiency improvements and cogeneration 
investments not considered in the other multi-country studies. For modest targets, these 
negative-cost options dominate mitigation costs. Technology options of high marginal
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In the ETSAP and Dutch UNEP studies, incomplete coverage of end-uses and technology 
and cost input data are reflected in the baseline. The "optimized" baseline projections in 
these studies showed flat to significantly rising final energy demand levels that really are 
quite close to the business-as-usual projections used in the studies summarized in Table 
2. This pattern is inconsistent with a least-cost optimization of the energy system. 
Inspection of assumed energy efficiency potentials and costs, and comparison with the 
ERG Enquete Commission, Danish UNEP, and IPSEP studies indicates that with more 
comprehensive assessments of no regrets options, economically optimal levels of year 
2020 final energy demand would have been significantly below base year levels. As a 
result, the ETSAP and Dutch UNEP studies are inconclusive regarding total mitigation 
costs.

Analysis of energy supply options
The relative contributions from demand-side efficiency and low-carbon supply options 
vary significantly among Western European bottom-up studies. Table 2 shows two proxy 
indicators, the coefficient of improvement in the average energy intensity of gdp (AEII), 
and assumptions regarding the future deployment of nuclear power. The AEII coefficient 
implied in the bottom-up studies of Table 2 is 2-5%/yr, compared to a range of 0-1%/yr 
assumed in most top-down studies.^^

The difference between the AEII coefficient and the rate of carbon reductions below the 
baseline indicates the extent to which shifts toward lower-carbon energy supplies 
augment emission reductions from energy efficiency improvements. ^8 Here, the 
treatment of nuclear power is important (see Table 2). The ETSAP and Coherence/CEC 
studies were based on scenarios in which nuclear power was retained. The ERG Enquete 
Commission and IPSEP studies included scenarios in which nuclear power was phased 
oul29

Discussion: overall results

In light of the above review of input assumptions, the zero net cost potential for reducing 
carbon emissions in Western Europe is probably best characterized by the higher 
estimates in Table 2. In view of the previously-discussed generic bias toward economic 
pessimism in bottom-up studies in general, even these results are likely to be 
conservative. Using just the median figures in Table 2, average no regrets emission 
reduction rates over the next three decades would be about 2 percent per year relative to 
the base year. Carbon emissions in 2020-2030 could be cut by about 50-60 percent 
relative to baseline projections at zero or negative net cost. This figure is two to five 
times larger than the minimum (consensus) range of the IPCC report, which suggested an 
OECD-wide no regrets potential of 10-30 percent relative to the business-as-usual 
baseline.

The above findings imply growing opportunity costs if mitigation strategies should be 
limited to a mere stabilization of emissions rather than progressive reductions below base 
year levels, finally, several Western European bottom-up studies suggest that the region 
could achieve significant reductions in carbon emissions at zero or negative net cost even 
while phasing out nuclear power. Overall, bottom-up research indicates that Western 
European governments may have significantly more economic degrees of freedom in 
pursuing carbon reduction strategies than has been recognized to date.
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REVIEW OF WESTERN EUROPEAN TOP-DOWN STUDIES

Among others, Western European top-down studies have made unique contributions in 
three areas. One is the early recognition and modeling of a range of tax shift options for 
minimizing or offsetting undesirable economic effects of energy or carbon taxes. T^e 
second is the modeling of integrated energy tax/market transformation/tax shift policies 
using linked bottom-up and top-down models. The third is the comparative analysis of 
groups of countries using one and the same modeling system.

Tax shift studies

The results of various Western European tax shift studies are reviewed in CEC (1992) 
and Bossier and Brdchet (1995), as well as by Hourcade and Robinson in this issue. Like 
corresponding work in the U.S., these studies examined modest energy or carbon taxes of 
typically less than 50$/ton C that resulted in only limited emission reductions below the 
baseline.30 They found that under these conditions, tax shifts could partially or fully 
offset the deadweight losses induced by the energy tax. Several modeling exercises even 
found a net gain in gdp for certain tax shifts and countries (IPCC 1996).

In recent U.S. theoretical work, Goulder (1994) has suggested that for larger emission 
reductions below the baseline, tax shifts would no longer produce economic efficiency 
gains. The author assumes that a much higher tax would be needed to induce larger 
emission reductions. He argues that revenues from such a much higher tax would exceed 
opportunities for offsetting highly distortionary taxes, and would create bigger 
deadweight losses than the existing taxes on capital and labor they would displace.

This line of reasoning overlooks four factors that are key in interpreting Western 
European tax shift studies. For one, climate change mitigation helps abate a number of 
non-climatic externalities (footnote 2 above). Second, current fossil fuel consumption, as 
well as energy use in general, is significantly subsidized (foomote 3 above). Third, 
current differences in the taxation of coal, oil, and gas bear little relationship to 
differences in associated externalities, and could themselves be reformed at a possible 
gain in welfare while reducing carbon emissions (Hoeller and Coppel 1992).

As a result of these three factors, the imposition of carbon taxes may function, in part, as 
a welfare and efficiency-enhancing reduction in price distortions that impede economic 
efficiency. Well-designed tax shifts that include subsidy removal and reform thus are 
likely to offer robust reductions in deadweight losses over a much wider range of tax 
levels than suggested by Goulder.^i

The fourth factor is that several Western European studies analyze a range of combined 
fiscal and non-fiscal policy packages not modeled in U.S. tax shift exercises. Here, the 
non-fiscal components include market transformation programs that require no tax 
revenue at all (such as energy efficiency standards), as well as the direct recycling of 
revenues into cost-effective energy efficiency and low-carbon supply investments 
through an energy efficiency fund or equivalent "ear-marking." The combination of non- 
fiscal instruments with ear-marking of all or a portion of carbon/energy tax revenues 
reduces the required tax level for achieving a given reduction target (Goto 1995) and 
opens the possibility for large emission reductions at zero or negative net cost even when 
applying only a low tax (Krause et al. 1995a).
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Integrated bottom-up/top-down studies

Recent theoretical economic research suggests that a combination of fiscal and market 
transformation policies is economically more efficient than the use of tax instruments or 
market transformation programs alone (CEC 1992, Howarth and Winslow 1994). This 
insight is reflected in various Western European policy actions or proposals, notably 
those of the Danish government, the European Commission, and the ERG Enquete 
Commission on Climate Protection, all of which emphasize packages of taxes, tax shifts, 
and market transformation policies. These and other policy proposals have been 
evaluated in a number of integrated studies^^ that link bottom-up scenarios and top-down 
models (Bossier et al. 1995, Danish Ministry of Finance 1995, DRI 1991, Enquete 
Commission 1995, Godard and Beaumais 1994, Koeppl et al. 1995).

The FRG Enquete Conunission study

Among the linked studies, the modeling work of the FRG Enquete Commission is 
particularly informative in that it was based on a detailed, well-researched bottom-up 
scenario and covered an extended time horizon (1987-2020). The integrated modeling 
work was co-authored by two institutes specializing in bottom-up research (IKE and ISI) 
and two macroeconomic research institutes (DIW and EWI).

Modeling methodology

The policy scenario in the FRG Enquete Commission study consisted of a linked energy 
tax/market transformation/tax shift approach. The energy tax was a low tax equivalent to 
the proposal of the European Commission. In the bottom-up assessment, two main 
energy sector scenarios were developed. One kept nuclear capacity constant (Rl), while 
the other included a nuclear phase-out (R2). In both cases, year 2020 emissions were cut 
by 45 percent relative to 1987 (35 percent relative to 1993).

The principal modeling procedure, which is representative of other integrated studies, is 
illustrated in Figure 1. The bottom-up energy scenarios were translated into economic 
stimuli and structural changes by economic sector, using input-output methods. A neo- 
keynesian macro model was used to determine gdp, structural changes, employment and 
other macroeconomic impacts (Walz et al. 1994). Modeling uncertainties in this 
procedure were explored through sensitivity analyses.33 In a separate analysis, a general 
equilibrium model was used to assess trade effects.

Figure 1 here.

Results

The results are summarized in Table 3. In all cases, average gdp increased, and so did 
employment. In most branches, production increased by 2-6 percent. Output in the fossil 
fuel industries declined by 3-10 percent The electricity sector was little affected.

Table 3 here.

In the unfavorable variant, gross domestic product rose by 0.2-0.3 percent, and 
employment also increased by 0.2-0.3 percent, equivalent to about 100 000 jobs 
(averaged over the 1987-2020 period). However, measures to reduce carbon emissions 
were in effect being financed through a 0.6-0.7 percent reduction in private consumption.
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In the favorable variant, gdp gains were larger at 0.5-0.7 percent on average, partly 
because the induced modernization of production facilities led to a permanent rise in 
productivity. Here, both private consumption and employment rose. However, the 
productivity gains also meant that employment impacts were no greater than under 
unfavorable input assumptions.
The Enquete Commission assessment also found that alternative power sector scenarios 
based on the phase-out, maintenance, or expansion of nuclear power had a negligible 
impact on gdp (Table 3). The general equilibrium modeling of the trade effects of an 
energy tax suggested that differences in gdp impacts for the unilateral versus coordinated 
EU-wide implementation of the energy tax were small, with the unilateral tax being 
slightly more favorable.

Short-term studies
Among integrated assessments with a short-term focus, several Western European studies 
analyzed how alternative energy tax exemptions for industry might affect achievable 
emissions and total macroeconomic costs. We briefly summarize the findings from the 
WIFO study, which are broadly representative.^'* In this modeling work, a portion of tax 
revenues was recycled through a fund for cost-effective energy efficiency improvements 
and cogeneration investments.
It was found that whenever the energy efficiency fund was part of the policy package, 
both gdp and employment effects were positive. If the energy efficiency programs were 
replaced by other forms of tax recycling or by budgetary deficit reductions, gdp and 
employment impacts were always negative.

A strategy that purely relied on payroll tax cuts and did not employ energy efficiency 
incentive programs was found to be inferior to the combined application of payroll tax 
cuts and an energy efficiency fund, both in emission reductions (20 percent lower) and in 
gdp and employment (losses rather than gains).

The study further found that a negative net cost of carbon reductions was maintained 
when industry exemptions from the energy tax were paired with market transformation 
programs. Overall emission reductions appeared more sensitive to the abandonment of 
the energy efficiency fund than to industry exemptions.

Discussion
These integrated studies suggest that gdp and employment impacts can be neutral or 
positive even when large emission reductions are pursued and over a wide range of policy 
combinations involving only modest energy taxes. In both studies, market transformation 
programs plus tax shifts resulted in macroeconomic efficiency advantages, even though 
the policy measures of the bottom-up scenario had the effect of somewhat increasing the 
total cost of energy services relative to the reference case.^^ This outcome again 
illustrates the importance of tax shifts, and underlines the economic pessimism of bottom- 
up studies, which do not incorporate tax shifts.
Given significant non-climatic externalities and inefficient subsidies, the welfare benefits 
of reducing carbon emissions have almost certainly been underestimated in these studies. 
Further enhancements of macroeconomic benefits can be expected from the modeling of 
bottom-up scenarios in which energy service bills show a significant decline. The trade­
offs between exemptions from energy taxes and compensatory market transformation 
programs should be modeled in greater detail and for a larger number of countries.
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Summary

Conventional wisdom has it that top-down studies overestimate mitigation costs while 
bottom-up studies underestimate them. The analysis of relevant methods and input data 
in this paper indicates that this interpretation is flawed; both types of studies tend to 
overestimate mitigation costs, with studies based on detailed bottom-up scenarios closer 
to the mark.
First, virtually all mitigation cost studies for Western Europe and for the OECD in 
general neglect the no regrets options related to environmental double dividends and 
subsidy removal. Second, this pervasive no regrets deficit is compounded in bottom-up 
studies by the omission of tax shift options. Third, technical analysis, market research, 
and experience with market transformation instruments in a number of OECD countries 
shows the practical feasibility of improving energy efficiency and supply markets at a 
substantial net economic benefit, even after fully accounting for all indirect costs. 
Finally, the cost and technology inputs for bottom-up studies contain a wide range of 
conservatisms that overshadow other procedures with effects in the opposite direction. In 
particular, the failure of bottom-up analysis to capture a number of feedback effects tends 
to result in a net bias toward cost pessimism.

Given these limitations, the closest approximation to the costs of mitigating carbon 
emissions in Western Europe is found in the more comprehensive bottom-up studies and 
in recent integrated bottom-up/top-down analyses. In quantitative terms, a careful and 
informed reading of the entire body of existing studies leads to the following conclusions; 
In a well-designed policy approach, carbon emissions in Western Europe could be cost- 
effectively reduced by a compounded 3-6 percent per year below the business-as-usual 
baseline, or by about 1-3 percent per year below base year levels.

With proper attention to all no regrets options, the zero net cost potential for cutting 
carbon emissions can be conservatively represented by the median of these ranges. For 
the 2020-2030 time horizons, this median corresponds to a reduction of more than 50-60 
percent relative to the business-as-usual baseline. This no regrets range is at least twice 
as large (and significantly more narrow than) the minimum consensus figure of 10-30 
percent given in the IPCC report.

This discrepancy suggests that Western Europe would incur significant opportunity costs 
if it should limit its mitigation efforts to a mere stabilization of emissions rather than 
progressive reductions below base year levels. This indication of growing opportunity 
costs from overly modest reduction targets clashes with recent top-down studies (Wigley 
et al. 1996), which suggest that a go-slow approach in early years, followed by more 
aggressive action in later decades, could be economically beneficial.

In summary, the wide and seemingly inconclusive range of mitigation costs found in the 
IPCC report transforms into a significandy more definite sign post for fashioning 
economically sound quantified emission reduction targets; Close examination of 
available studies suggests that with a combination of fiscal reforms and aggressive market 
transformation policies, the European Union could cut its carbon emissions over the next 
30 years or so by roughly 2 percent per year relative to 1990 levels without adverse 
economic impacts, and possibly at a net benefit.
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emissions after considering various double dividends but before considering the benefit of avoided climate changes.

^ See, for example. Barker (1993) and Ekins (1994), who finds non-climatic externality values of $20-212 per metric 
ton of C for the UK and other European countries, and the review of 10 studies by Statistics Norway (1995), which 
finds a range of $52-1426/tC for non-climatic environmental benefits and $74-1630/tC for benefits from reduced traffic 
in that country. The latter review indicates benefits ranging from about 5 percent to more than 100 percent of gdp 
losses calculated for various carbon tax scenarios.

^ In such a context, subsidy removal and reform would be accompanied by the imposition of carbon/energy taxes. 
These ensure that the remov^ of supports for domestic producers, and the attendant reductions in energy prices, do not 
translate into increased fossil fuel consumption and emissions. Removing global subsidies to fossil fuel consumers has 
been estimated to be equivalent to imposing a carbon tax of 50-90$/tC and to emission reductions below the baseline of 
5-18 percent in 2010 at a net economic benefit (Larsen and Shah 1992, Bumieaux et al. 1992). Though OECD energy 
prices are generally above world market prices, major subsidies are found even there in the form of a range of price and 
budgetary supports, notably for coal. Recent OECD case studies indicate that removal and reform of about $100 billion 
of subsidies (defined there to include some non-climatic externalities) could yield reductions in year 2010 OECD 
carbon emissions of several percent below the baseline, along with positive gdp and welfare effects (Michaelis 1996).

4 Neo-keynesian macro models result in higher mitigation cost estimates than general equilibrium models, which 
assume greater adjustment speeds for capital stocks.

5 In the global studies reviewed by Richels and Sturm in this issue, an additional source of pessimism is the neglect of 
spillage efrects (Krause et al. 1993), i.e., the penetration in the developing world of new low-carbon technologies first 
introduced in the the OECD in response to the unilateral adoption of emission constraints.

6 For a discussion of the conditions under which tax shifts can reduce deadweight losses and result in economic 
efficiency gains, see the section on top-down studies at the end of this paper.

7 Because any additional energy services would be provided with more efficient technologies as well, the percentage 
increase in final energy demand would be less than the underlying percentage increase in energy service demand.

O
A macroeconomic analysis of this suppressive effect is found in Goto (1995). See also the discussion of integrated 

top-down/bottom-up studies at the end of this paper.

9 For example, Reinsch and Considine (1992) estimate that even the OECD-wide adoption of the mild carbon/energy 
tax proposed by the European Commission (1991) would reduce pre-tax oil prices by more than 10 percent in 2007,
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equivalent to a 47 billion dollar annual saving for the OECD nations, and 90 billion dollars worldwide. Though oil 
producing nations might attempt to defend their revenue streams through new cartel agreements, their ability to do so is 
questionable (CEC 1992), and would likely decrease in the face of stronger carbon constraints. Some bottom-up 
studies examine this effect through sensitivity tests based on lower energy price assumptions without, however, 
venturing beyond the range of fossil fuel price forecasts made for various rates of growth in fossil fuel consumption.

10 See the critique of this procedure in Krause et al. (1995b). Where allowance is made for economies of scale under 
changed market conditions, as in govenunent-sponsored cost-effectiveness analyses of energy efficiency standards, the 
typical practice is to use "ideal" manufacturer mark-ups. These are often far in excess of what equipment producers 
end up being able to charge in mass market competition. See the market research in GEA (1994), and the empirical ex­
post evaluation of U.S. appliance standards in Greening et al. (1996)).

11 See Gerstenberger (1992) for an empirical analysis of the effects of higher energy prices on the rate of innovation in 
the area of energy efficiency. Most bottom-up studies with longer time horizons (30-40 years) do capture some 
technology innovation effects by explicitly taking into consideration a range of advanced technologies. However, 
assumptions in this regard may be quite cautious and in any event, do not capture those techniques that are not yet 
known. Thus, bottom-up studies are likely to contain a significant bias toward cost pessimism even in this area.

12 While most economists readily concede that problems of uncertainty and high information and transaction costs are 
universal characteristics of 'normal' markets, some argue that these do not constitute market failures. In an in-depth 
theoretical economic critique of this view, Sanstad and Howarth (1994) show that the equation of 'normal' markets with 
economically efficient markets is a fallacy based on tautological arguments.

13 Recently proposed or enacted standards are generally formulated on a performance basis, i.e., they do not prescribe 
the use of any one particular technique or design. Performance-based standards give manufacturers incentives for 
technological creativity while providing wide latitude for preserving non-energy attributes important to consumers. 
Issues of consumer surplus can be, and often are, empirically assessed before standards are promulgated by first 
conducting voluntary incentive programs. In many cases, standards are merely used to accelerate the completion of the 
technology diffusion process after a technology has already been adopted by a sizable fraction of consumers and firms. 
Furthermore, the tandem application of incentives and standards can be used to accelerate innovation, which increases 
consumer surplus. Finally, market research can be used to evaluate issues of product attributes after standards have 
taken effect. Recent empirical work of this kind on U.S. appliance efficiency standards found no measurable negative 
effects on product selection and attributes (Greening et al. 1996).

14 For example, the cumulative cost of developing and implementing federal energy efficiency standards for U.S. 
appliances and other products amounted to SO million dollars, equivalent to one tenth of one percent of the estimated 
net present value benefits of these standards in the period till 2015 (McMahon et al. 1990).

15 This figure is based on measured savings from several billion dollars of U.S. utility spending on demand-side 
management programs and comprehensive cost data including savings verification, free rider costs, profit incentives for 
utility shareholders, and program evaluation (Eto et al. 1995). Similar proportions are reported in Western European 
evaluation studies (Mills 1993). Earlier estimates by Joskow and Maron (1993) were based on incomplete data and 
have proven far too high. The costs of saved energy are reduced further when accounting for the secondary maricet 
transformation effects of incentive programs, such as 'free drivers' (Levine and Sonnenblick 1994), secondary 
equipment and maintenance savings, and accelerated product improvements.

16 The conservatism of this procedure is enhanced by the fact that in a number of end-uses, early replacement can be 
economically justified because of a favorable ratio between potential annual energy savings and the total replacement 
cost of the device. As discussed above, climate stabilization policies may also trigger accelerated innovation that could 
make some early retirement of existing end-use equipment attractive.
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17 The business-as-usual supply mix typically reflects existing barriers to market entry for independent generators as 
well as some or all of a range of other politically determined factors that have shaped official energy planning in 
Western Europe. These include limitations on gas imports (all of the EU during the cold war period), preferences for 
use of domestic coal (e.g., Germany), and industrial strategies based on nuclear electrification (France).

18 Least-cost configurations for the energy system are also developed in the Coherence/CEC, ffSEP, and FRG 
Enquete Commission studies.

19 In several cases, the shown emission reductions were associated with significant net economic benefits, but no 
measures to obtain further emission reductions were analyzed. Here, reductions are shown with a "greater than" sign.

20 For example, in the Coherence/CEC study, year 2010 emissions correspond to a stabilization at 1988 levels for 
Germany (pre-1990 borders), a 5% increase for France, 12% for the UK, 24% for Italy, 30% for Spain, and 72% and 
86% for the less developed countries of Greece and Portugal, respectively. For the EU-12 as a whole, the business-as- 
usual increase is 14% by 2010.

21 Gdp growth rates, energy demand, and fuel price projections are relatively similar across studies. For example, 
both the Coherence/CEC study, the FRG Enquete Commission study, and the IPSEP study derive these inputs from the 
projections of the European Commission.

22 Excluded from the analysis were all of industry, most of the tertiary sector, and all vehicle efficiency 
improvements in transport except certain modest improvements in cars.

23 Baseline energy efficiency improvemenU in the transport sector excluded a significant range of cost-effective or 
cost-neutral options, and because some other efficiency options were not analyzed. Table 2 indicates that less than half 
of the available cost-effective energy efficiency potential was incorporated in the mitigation cost analysis.

24 The latter study employed a number of data refinements not or only partially applied in other European bottom-up 
studies. These included feedback effects of climate policies on technology costs; program administration costs; 
credits for energy efficiency investments from secondary capital savings in upstream or downstream end-use 
equipment; credits for avoided transmission and distribution costs; and alternative assumptions regarding the 
effectiveness of policy efforts in mobilizing unconventional resources.

25 The Coherence/CEC and IPSEP studies are directly comparable in so far as both use the "Energy for the Next 
Century" study of the European Commission (CEC 1990) as the business-as-usual baseline. With assumed efficiency 
improvements relative to the baseline in the Coherence/CEC study averaging about 20 percent, and only about 25 
percent of final consumption investigated, the study yields a roughly 5 percent reduction in final energy requirements 
below the rising projection of the business-as-usual reference case. Extrapolating the analysis to all end-uses would 
raise this percentage to about 20 percent Across all end-uses, the more comprehensive and up-to-date technology cost 
and performance data of the IPSEP study indicate a cost-effective savings potential of 40-60 percent on a weighted 
average basis. Adjusted to the shorter (year 2010) time horizon of the Coherence/CEC study, this percentage is about 
25-35 percent. Overall savings of 5% rather than 25-35% indicate a less than 20 percent capture of the total cost- 
effective potential.

26 In the study, high and low estimates were developed not only for fuel prices, but also for technology costs. Low 
cost assumptions were used to reflect plausible cost reductions from feedback effects of carbon constraints, while high 
assumptions illustrated outcomes in absence of these feedbacks.

See IPCC (1996), Chapter 9. The AEII coefficient is functionally identical to the coefficient of average energy 
efficiency improvement (AEEl) referred to in top-down studies. However, the laner name ignores that this coefficient 
includes both energy efficiency improvements in the technological sense and structural changes.
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28 In all studies, differences also exist in the definition of the costs and potentials of low-carbon energy supply options 
and in the degree to which the multi-country smdies succeeded in using consistent input assumptions across countries. 
The ETSAP and IPSEP projects used cost data that were consistently defined across countries, while the input 
assumptions in the national substudies of the Coherence/CEC project were determined by national teams. This led to 
significant differences in technology portfolios and cost estimates and to the much wider range of marginal cost 
estimates found in that study.

29 Zero net cost scenarios for reducing carbon emissions while phasing out nuclear power were also identified by 
Bodlund et al. (1989) for Sweden. The FRG Enquete Commission examined a rapid phase-out by 2005, while the 
IPSEP study assumed a gradual phase-out by 2020.

30 The carbon tax as originally proposed by the European Commission (CEC 1992) was to start at $14 per metric ton 
of carbon in 1993 and gradually rise to $46 per metric ton by 2000.

31 The greater recognition of externality issues related to fossil and nuclear energy explains why many of the Western 
European top-down studies model an energy or combined energy/carbon tax in addition to a pure carbon tax (see, e.g., 
Standaert 1992). While a carbon tax might be more effective in reducing CO2 emissions than an energy tax, this 
advantage in the area of climate change is widely viewed as economically less important than policies that reduce risks 
and externalities from both fossil and nuclear energy production (CEC 1992, Enquete Commission 1995: 755, WIFO 
1995).

^ The term integrated study is reserved here for macroeconomic studies in which energy sector impulses are derived 
from bottom-up assessments using a business-as-usual baseline.

Under unfavorable assumptions, energy efficiency investments were financed through reductions in private 
consumption. Also, energy efficiency investments were assumed to displace investments in production facilities. 
Furthermore, it was assumed that half the revenue from the energy/carbon tax would be used to reduce govenunent 
budget deficits (without, however, lowering interest rates) and to finance government energy efficiency programs. The 
other half of the tax revenue was used to reduce payroll taxes. In the favorable variant, energy efficiency investments 
by consumers and firms were financed through increased borrowing and use of savings. This way, a reduction in 
private consumption was avoided. Also, energy efficiency investments in this variant did not displace investments in 
production. On the contrary, they were assumed to induce broader modernization investments in production facilities. 
Energy tax revenues were completely recycled through lower payroll taxes.

Of the five short-term studies referenced above, all but the DRI report arrive at a zero to slightly positive gdp 
impacts. The comprehensiveness and detail of underlying bottom-up scenarios vary greatly in these studies.

35 Two other studies examined programs in which some of the carbon/energy tax revenue is used to provide energy 
efiiciency investment subsidies for industry (Bossier et al. 1995 for six EU countries and Ministry of Finance 1995 for 
Denmark). Various practical issues associated with "ear-marking" are discussed in OECD (1996).

36 In the near-teim studies such as WIFO (1996), this increase is mainly due to the short time horizons used (as little 
as 5-8 years). When cost-effective investments are modeled on a year-by-year basis, much of the savings that occur 
after amortization are not captured. In the work of the FRG Enquete Commission, which covered a longer time horizon 
(1987-2020), the national energy service bill in 2020 increased due to the use of bottom-up scenarios based on the 
lower of the two implementation fractions shown in Table 2. For this input assumption, a reduction target of 45 percent 
relative to 1987 (35 percent relative to 1993) exceeds the zero net cost point, which is only 23 percent for scenario R2 
(see Table 2 above).
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Table 1: Scope of European top-down and integrated top-down/bottom-up mitigation cost studies: range of policy options analyzed

Multi-country studies 
Non-US OECD 
EU multi-member studies

National studies 
Austria 
Belgium 
Denmark 
Finland 
France 
FRO 
luly
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
UK

0 1

Energy and/or 
carbon tax

Lump-sum Tax shift 
or revenue or mixed 

raising recycling

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Price corrections
“NO REGRETS" OPTIONS

Market transformation AcceI.R&D/
incl. utility regulatory reform Commercial.

Subsidy Incorporation 
removal ofenvironm. 
/shifts externalities

(Yes)

(Yes)

Barriers to Other barriers 
Market cogeneration 
entry & renewables

(Yes) (Yes) (Yes)

(Yes) (Yes) (Yes)

(Yes) (Yes) (Yes)

(Yes)
Yes Yes Yes

-
-

End-use barriers 
energy fuel 

efficiency switching

(Yes)

(Yes)

(Yes)

Efficiency,
low-carbon

supplies

Higher-cost/
backstop

technologies

Efficiency,
low-carbon

supplies

(Yes)

Integrated assessment 
tax shifts ■¥ "no regrets" 

partial full

Options Options 
0-1 with any 0-1 with all 
of 4 and 5 of 2-6

No
(Yes)

(Yes)
No

(Yes)
No

(Yes)
Yes
No
No
No
No
No
No
No
No

No
No

No
No

No
No
No
No
No
No
No
No
No
No
No

Notes:
Yes in parentheses indicates that the option was only partially considered (e.g., based on only one or a few programs, technologies, end-uses, or sectors). 
Sample of studies based on Gnibb, et. al. (1993); IPCC (1996), ch. 9; and individual studies referenced in this paper.
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Table 2: Zero or negative net cost carbon reduction potentials in Western European bottom-up studies

STUDY COUNTRY INPUT ASSUMPTIONS Zero cost reduction AEII Avg. rate of
in carbon emissions C reduction

Time C-growth Implemen- Phase-out 2005/ 2015/ 2025/ final energy below below
horizon factor tation of of nuclear 2010 2020 2030 /gdp base year baseline

in BAU DSE power?
baseline potentials % below base year %/yr %/yr %/yr

EU-5 Coherence/CEC F, G, I, NL, UK 2010 1.09 <25% No 23 2.7% 1.3% 4.5%
CounU7-by-country 1.00-1.24 10-36

EU-5 IPSEP F,G, I,NL,UK 2020/30 1.22 50% Yes >26 4.2% 1.0% 4.2%
100% Yes >58 >60 5.1% 2.9% 6.2%

FRG Enquete Commission Germany 2020 0.99 50% Yes 14 23 3.1% 1.0% 3.0%
75% No >39 3.5% 1.8% 3.9%

Ris0/UNEP Denmark 2030 1.16 <0.45 not >21 ■ >45 2.1% 1.5% 3.2%
applicable

Range 10-36 23->58 >45->60 2.1%-5.1% 1% - 2.9% 3% -6.2%
Median 18 >41 >53 3.6% 2.0% 4.6%

(1) BAU = Business-as-usual scenario. Table excludes studies using an optimized energy system as the reference case.
(2) DSE = Demand-side efficiency. Defined here as potentials beyond those already implemented in the business-as-usual scenario, based on IPSEP estimates.
(3) AEII = Average rate of energy intensity improvement, based on energy consumption per unit of gdp. Includes both energy efficiency gains and structural change.
(4) Enquete Commission study refers to Germany after reunification. 1993 base year eliminates post-1990 "wall-faH" contraction of baseline emissions.
(5) Implementation fractions for Coherence/CEC, Danish and FRG study accounts for efficiency potentials not incorporated into baseline or policy case.
(6) High implementation fraction for FRG study assumes some modal shifts and more vehicle efficiency improvements at zero net cost (R1V scenario).
(7) Coherence/CEC results shown for EU-5 only to facilitate comparison with IPSEP study. EU-5 represents about three quarters of total EU carbon emissions.
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Table 3: Macroeconomic impacts of reducing German carbon emissions 

by 35 percent below the 1993 baseline

1995
(Rl) (R2)

2005
(Rl) (R2)

2020
(Rl) (R2)

Average 
(Rl) (R2)

favorable 1.3% 2.0% 0.7% 0.9% 0.3% 0.1% 0.5% 0.7%
GDP

unfavorable 0.9% 1.3% 0.2% 0.4% 0.1% 0.1% 0.2% 0.3%

favorable 1.2% 1.9% 0.3% 0.5% 0.1% 0.1% 0.4% 0.5%
Private
consumption

unfavorable -0.1% -0.1% -1.0% -1.0% -0.6% -0.5% -0.7% -0.6%

favorable 0.5% 0.7% 0.1% 0.7% -0.1% 0.0% 0.2% 0.3%
Employment

unfavorable 0.3% 0.5% 0.1% 0.2% 0.1% 0.2% 0.2% 0.3%

Rl= with nuclear power constant
R2= with nuclear power phased out by 2005

Source: Enquete Commission (1995), p. 871-876.
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Figure 1: Modelling approach in integrated bottom-up/top-down studies
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