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THE ROLE OF R&D IN LIMITING GREENHOUSE GAS EMISSIONS

One of the key issues in developing a domestic climate change policy will be the emphasis placed on
potentially expunding 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 mediumn 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.

. Achicving greenhouse gas emission reductions that would stabilize aunospheric concentrations at "safe”
levels will require major advances in technology in every sector of the economy. Fortunately, many of
the necessury advances are within plausible pathways of current rescarch and development efforts.
Federul R&D is alreacdy pursuing maost of the important CO,-mitigating technologies because they
provide other benefits that have long been the basis of national policy, such as reducing criteria air
pollutants and other environmental harms; decreasing dependence on foreign oil; increasing the
competitiveness of domestic industries: and providing leadership in industries likely to achieve un

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

Achieving these 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 encrgy R&D has declined
75%. Energy R&D investment by industry fell 33% from 1983 to 1993; the electric utility and the pas
industry have cut their R&D investments sharply. Industry as a whole has reduced its basic 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 would entail both expanding federal resources and stimulating addiﬁnnul private sector R&D

activity.
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The need for major technology advances can be seen from the following equation:
Emissions = Population x Affluence (GIP/capita) x Technology (Emissions/GDP)
From 1990 to 206(), we may well see global population double and affluence increase by a factor of
four. At the same time, the world may ultimately need to lower emissions from 1990 levels,
requiring the average emissions-related tcchnology to improve by more than « factor of ten during
the next few decades and then be rapidly deployed throughout the world.
- |
Any R&D effort is intrinsically valuable but inherently risky. We can confidently expect significant
benefits (based on empirically high returns on federal, private or blended investment) as well as some
uncxpected bencefits (e.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 engines). However, we cannot predict
ahead of time the technology "winners” from R&D. The operational risks are making premature
commumitments to development programs that prove to be technical or economic dead ends, such as the
breeder reactor or synfuels debacles of the 1970s. At the other extreme, underfunding the most
promising 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. Lessons learned form the past two decades have shaped our current R&D

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

This paper will examine the most promising R&D for mitigating CO,, focusing on four strategic thrusts:
(1) clean power generation, (2) energy efficiency, (3) carbon sequestration accompanying a transition to a
hydrogen-based economy, and (4) very advanced research, such as superconductivity, nanotechnology,
and photosynthetic mechanisms. Responding to the climate problem may require breakthroughs in all of
these 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-CO, technologies by 2010 (see "Market Transformation”

paper);
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. Significant penetration of new very-low-CO, technologies from 2010 to 2020 (the period of

greatest economic concern in the current negotiations); and

. Substantial or nearly universal deployment of near-zero-CO, technologies in the succeeding

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

Increasing the probability of achieving these desirable outcomes will require expanding the government's
current R&D spending in these areas, which is roughly $1.3 billion per year. Also, partnerships with
industry, "market pull” deployment initiatives, improved regulations, and other policies will be required to
ensure technological success and aceelerated market penetration. The benefits could be enormous,
including the avoidance of the costs associated 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 present value cost to the
global economy of stabilizing the atmosphere at 550 ppm CO, from one trillion dollars down to nearly

ZET0.

CLEAN POWER GENERATION

Natural gas technologies now set the benchmark for low cost, cleaner power generation. Morcover,
advances in natural gas turbines will yield overall energy conversion efficiencies of 60% or more in the
next decade, doubling the efficiency of traditional coal-fired plants. Fuel cells, which generate electricity
directly from hydrogen derived from fuels such as natural gas, are promising because of their high
efficiency and low emissions. High temperature fuel-cells, such as molten carbonate and solid oxide. may
have significant application in power generation with further R&D. Maolien carbonate fuel cells are

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

High efficiency coal-fueled power plants, such as integrated gasification combined cycle (IGCC) are now
being demonstrated at efficiencies (40 to 43%) that are competitive with more traditional coal-fired
power plants but with much lower emissions, including 35-45% lower CO, emissions. The efficiency of

the next generation JGCC plant could exceed 55%. amd, in combination with a fuel cell, achieve 60% by
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Given the uncertain nature of R&D, 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 sceks
to maintain world leadership in these technologies. Tn PVs, deep R&D cuts in the 198()'s have left us
with only 40% of the world market. The Japanese outspend our $60 million R&D effort in PVs by more
than two to onc. 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

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

ENERGY EFFICIENCY

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 improvements in energy intensity

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

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

The market for clean technologics could be a few hundred billion dullars per year. Figure 5 shows global
CO, emissions through 21(00) 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 atmospherc would stabilize at about 550 to 600 ppm. Three sectors are

particulurly important fur energy efficiency gains: transportation, industry, and buildings.
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TRANSPORTATION

Transportation R&D is cssential because the sector uses very little electricity, so advances in clean power
generution offer little hope of lowering its CO, emissions in the near term. Also, two other major
national problems— urban air pollution and dependence on foreign oil- —stem largely from the
transportation sector. The 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 build 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 to build a hybrid vehicle that
has both an advanced 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.

Bivfuels are one of the most attractive options for lowering transportation’s CQ, emissions. Federal
R&D has brought the cost of ethanol from $3.60 per gallon in 1980 10 $1.20 per gallon. With continued
R&D in bin-engineered urganisims and fast-growing crops, the biofuels program is expected to produce
ethanol from waste paper, crop waste, and dedicated crops for under 70 cents a gallon by 2005.
competitive with oil at $25 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 gasoline into
hydrogen to run a PEM fuel cell, which would have a 50% increase in fucl efficiency over an internal
combustion engine, half the CO,, and a 99% reduction in conventional pollutants below ultra-low

emission vehicle standards. A PEM fucl 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 emissions 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 cnsure that the
R&D leads to commercially viable vehicles, a number of programs are needed to ensure that the

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

- The industrial sector consumes about one-third of the nation's encrgy. The seven most energy-intensive
industries—steel, aluminum, petrolcum refining, chemicals, pulp and paper products, glass, and metal

casting—account for about 80% of the encrgy consumed in U.S. manufacturing and more thun 90% of

the hazardous waste. They represent the largest opportunity for reducing indusuial CO, emissions.

The Department of Energy has formed partnerships with each of these industries to develop visions of
energy-cfficient, 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 technology, such as advanced membrunes; catalysis: bioprocessing.
biocatalysis, and renewable feedstocks: sensors and controls; and industrial cogeneration of electricity and

heat, which can achieve overall cfficiencies of more than 0% and could ultimately utilize biomuss.

These industries (except chemicals) significantly under invest in R&D compared to the indusuy averages.
What R&D they have devoted to the environment has traditionally been focused on compliance.  end-of-
pipe treatmcent and control, as opposed to prevention—since that is how our regulatory system is
designed. While increased R&D is needed, if Federal pollution prevention technology development is to
achieve maximum industry cost-share, market penetration, and significant greenhouse gas reduction, the
Administration must complete its regulatory reinvention revolution, exploring innovative apptoaches

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

Traditional point-source controls that acklress a single waste at a time and only after the waste has becn
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_generated must be replaced by prevention-based, innovation friendly strategies. These include basing
standards on desired performance, not "best available technology™; focusing on facilities, communities,
and ecosystems, not the waste, the media nor the pipe; emphasizing multi-media solutions that address all
wastes; emphasizing continuous improvement, not bright-line fixed compliance: expanding the use of
information, measurement, and feedback, such as the Toxic Release Inventory: and wherever possibly.

~ using fiscal tools and market mechanisms such as rading schemes and bankable emissions credits.

Prevention R&D, as oppused to end-of-pipe R&D, is the key to CO, mitigation, and prevention-oriented

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

CO, industrial technologies.

BUILDINGS

The buildings sector consumes one-third of the nation's energy and two-thirds of its electricity. Federal

R&D into buildings technologies hus been remarkably successtul. Consider just five technologies

developed or advanced by the national laboratories in the past two decades at a cost of roughly $40
“million— building design software and advanced lighting, windows, oil burners, and refrigerator

compressors. These have provided cumulative net savings of more than $15 billion t consumers and

businesses, exceeding the $14 billion spent on all energy efficiency R&D since 1978. They are today

providing more than 10 million metric tons of annual CO, 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 design software, high-efticiency
clothes washing, heat-pump water heaters, gas 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 decp 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. Tn 2010, a building using efficient technologies with electricity and hot water provided by

an 80% cfficient fuel cell could have no first-cost penalty with well under half the energy of a typical



Jan-31-97 06:50P TECHNICAL & FINANCIAL 202-586-5145 P.09

Tuowary M, 1997 Pre-decisional draft; Do Not Cite ur Quote

1990 building and one-tenth the CO, emissions.

CAPTURE AND SEQUESTRATION

In addition to the portfolio of R&D options related to less CO2 intensive technologies for energy supply
and use, capture and disposal of CO2 offers an additional alternative for reducing atmospheric
concentrations of CO2. If major reductions in CO2 emissions are necessary, and global reliance on fossil
fuels continues beyond the middle of the next century, then some form of CO2 sequestration will almost
certainly be needed as part of the CO2 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 gascs....”

Moreover, a successful program to develop save, low cost greenhouse gas sequestration options should
garner bipartisan support for progress on climate change issues by allowing for continued use of fossil
fuels while minimizing the direct costs of mitigation programs, If these disposal techniques are
sutficiently low in cost, they could also be a means to induce developing country participation in u climate
change mitigation program, thereby overcoming another institutional barrier to implementing an effective

mitigation program.

A Jong-term R&D strategy would include dermnonstration of a number of sequestration options and
rescarch into their possible environmental impacts; converting CO, into an industrial chemical feedstucks;
other novel sequestration options, such as CO, fixation by micro-algae; selectively permeable membranes
for CO, capture; processes for converting fossil fuels and biomass into CO, 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 sens¢ on a massive scale only in a greenhouse-gas constrained world. So, at least in this country,
this arca has been relatively under funded: since 1990 Japan has spent more than 30 times what we have

on CO; capture und sequestration.

10
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2)

4)

6)

] within a zero-sum constraint toward Federal R&D resources that would necessitate

reducing investments in other R&ID areas, or
. expand the overall Federal R&D effort
Expand current partnerships with industry to focus on key CO, objectives through sectoral R&D
initiatives in electric utilities, natural gas industry, industrial processes (e.g. Industries of the

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

Lay the R&D foundation for longer-term radical encrpy system shifts. e.g. a hydrogen-based

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

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

carbon technologies, tax credits for low-carbon technology development and deployment.
Design legislation to support CO, reduction goals, including reinventing environmental regulation
to encourage encrgy efficiency investments as a key compliance strategy. Ensure that expected

legislation, such as utility restructing, supports CO, goals.

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

protocol to the Framework Convention on Climate Change or through other mechanisms.

12
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TO: *See attached list

FROM'.: OES - Eileen B. Clausse_n

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 guickly and
let us know by noon today, November 26, whether there are any
serious problems. We will plan to tramnsmit 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
term 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 beliave that this is the
approach that will produce a successful outcome at the third
session of the Parties in Kyoto in December 19957,

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
bé 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 afforts to further develop and refine our

understanding of the science ¢0f 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 molving 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
Confarence 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 meet our environmental and economic goals.

1X. 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, inc¢luding 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 term goal -- and we continue to
reject such an approach., Wse 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.

Multi-year 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 reduct@ons
sought from the energy sector by the year 2000, Because swlngs
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 bhe 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.

Banki .

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.

Diff £iaki -

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. E

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
jnstruments to minimize and equalize Parties' costs of making
reductions. Such an approach would enable the completion of
the agreement by December 1997.

— L7
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Comprehensive 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
forago such a significant source of reduction potential would
be both to reduce flexibility and to decrease the
cost-effectiveness of the aoverall 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
ificluded in the Kyoto agresement in order to meet the new
commitments at the lowest cost.

E!v 'Il I ] | 31‘!]

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 thelr 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 JI, we see no role for it in FCCC
commitments beyond the year 2000.

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. 1In 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 than to 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 emissions 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. 1In addition to
government-to-government 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 emigssions. 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
a Party 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 ! 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 (USIJI) has been
one of the most successful and aggressive programs in the
davelopment and application of criteria. We intend to remain
active in the further development of criteria (working both in
the domestic context of the USIJI 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
reparting 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 guantified 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 natignal
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. E

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.

National C { cati Polici 3 ]

Wwhile 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
jdentifying 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.

Next 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 emisgsions. Two variables might also be
considered., First, the date need not ba 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. 1In 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
s;nce 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,
but 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 clear 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 of commitments

In terms of the target, as a matter of drafting, it needs
to be articulated as clearly and gquantitatively as possible; as
a matter of substance, it should be as objectively measurable
as possible. In terms 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 bhe met by providing flexibility in the choice of
implementation options rather than by vague, heavily gqualified
commitments (such as those in the current Convention).

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 CO2, at a minimum for
specified sources.) There will alsc be a need to promote
uniformity of measurement.
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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 ohligations 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
¢lear 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 be supplemented by a multilateral consultative
process, akin to that being developed under the current
Convention. Unlike dispute settlement, such a process is
congsidered 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.

Nan-parties

Development of a compliance regime regarding a global issus
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 paymeénts, 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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. v
Dr. Joseph Stiglitz (\ :
Chairman \ J
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 analytic framework for climate change policy analysis (I first heard about this when |
testified before the Senate Energy and Resources Comumittes on September 17th in a hearing that
started with testimony by Under Secretary of State Tim Wirth). As you may know,

I 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 any input from me or anv
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 with Larry Lau today on some projects we are doing
together, and told him what was going on in the administration and he said he would also be willine 10
serve as an external reviewer if that would be helpful to you. Unfortunately, I will not be in
Washington again until November 12-135, but hope to see vou at the discount rate workshop Paul
Portney and I have put together at RFF on the 14th and 15th of November (I was at a brunch with

Kenneth Arrow on Saturday and he convinced me he has yet another round of new ideas on that
subject).

Sincerely yours,

John P. Weyant

Department of Engineering-Economic Svstems and Operations Research
Stanford University

Stanford, CA 94305-1050

Phone: 415-723-3506

FAX: 415-723-4107

E-Mail: weyant@]eland.stanford.cdu
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THE WHITE HOUSE

Office of the Press Secratary
(Pare Dauglas, Australia)

FOr Immadiate Ralease Novampbax 22, 19596

REMARKS BY THE PRESIDENT
AT INTERNATIONAL CORAL REEF INITIATIVE EVENT

Port pDouglas Park
Port Douglaa, Auvatralia

THE PRESIDENT: Thank you vary much. Premiar and
MIs. Boroidgae, Mayor Berwick, MimnisTter Hill and Mrs. Hill.
menbers of tha Crcat Barriar Neef Harine Parsk Authority, and to
. Minisver Moora and Mra. Moore. Especially teo Alicia Stevanz far
raminding us what this i3 all about today. (Applausza.)

Hlllary and I and osur party have had a wondarful
visit to Australia. Wa understand now why it 1s callad the Lucky
Country. But wa balliave thar thara ic more tham luck involved
here. ToQay we celebrate the commitment of a people of “his
country, of the Unitad Jtates and paople all over the world to
the proposition that wa must praserva the natursl reagources that
God has given us. We are here naar the Bblggest, Sest managecd
protected marina and comstal area in the warxld, for a clear
redsoll: AUSTralia has made a national commitment te ba goed
stewards of the land with which Sod blessed you.

I an aspeclally pleagad taday, as has alraady been
said, that the government of Aus=ralia is honoring the JInited
Statas BY naming a caction af the Great Darrier Resf after Rachel
Carson. Rachael carson was tha great ARarican envirsonmentaliscl;
¢he wag a marine binlogigt. Viee rragsident Gore wrote about
kachel c¢arson: Sna brougnt us back To a tundamental idoa logt to
an amazing degree ia modern civilization -- tha interecnnection
of human beiags and tho natural environment. That :
incterconnagtion clearly impesas upsn all of us a shared
responsibility. To preserve a future £or our children and
grandchildren, we must care for our shared cmoyironment. It in s
practical and a moral imperative.

. : We are citizens net only of individuals natiens, but
of this small and fragile plamet. We Xnow CBat pollution has
centemPt for borders -- that what comes out of a smekastaek in
ona nation can wind up on tha shorea of another an ocean away.

We know, too, that recovery and prasarvation also benefits peocpla
beyond the bordazrs of the nation inm which it odeurs. We Know

MORE
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that proteeting the eavironment <can affect nat Snly our healuly
And our Quality of lifa, it can even afface tha paaca. 1In Tog
many places, including those abaur Whicl we raad ctoo ortan now gn
the troubled conzipnent of Afriza, zbuges like deforestation braec
SCArCity, and zcareity aggravates the tusrmoil which exizts all
over the world. (Applause.) .

I am very proud of thq work our Twa natieng have
dang te presmexve our natural heritage. Just as we have been
alliag for peace and froadom, wa mugt ha alliem in rhe A1ar
CANtury to prutect the Zartl's ehvironment. Our wark togathar an
the Intornational Ceral Raaf Inieistive i3 & ahining exanpls of
What wa can achiova. PYounded in 1994 by Australia, the Unitad
States and six other gavernmanes, This initiative helpc natienc
and regicns to conserve, manage, aad menitor ceral reefs.

Pollution, overgishing. and overusa have put nany cf
Our unique reefs at risk. Their dizappaarance would dastroy She
haditat af countless specias. It would unraval tha wed af maring
l1ife that holds the potential fuyr uew chamicals. new madicinas,
unlocking now myzteriac. It would have a devastating effact an
the coastal comaunities from Cairns to Kay west, Florida --
communisies whose livelihood dependa Upon the reefs.

Steadlly we are making pragress. In this parrt of
the world the ICRX has played a erucial tole in slowing the use
of cyanide to harvest caral reef £igh. Aaround the world, morae
than 75 nations and scoras of organizations have participatad in
ICRX pregrams. Today, with your Kknewledge ana& lzadership, we are
SeelnQ ta 1t that the world's rsefs make it inte thae next century
safe ancd secure. And I thaak Yyou for cthat. (Applausa. )

Let ma say that our effort o save tha world's reefs
is o medel for the work that we can d® Together in octhar :
anvironment areas, and thera 15 a let of work to do, :
Daforestation is claiming an area of sourch Xorea avary yesar. Lat
us, togother with the United Nationa. develop & strategy for %he
Sustainable management of all ocur forests. {Applausza.)

Toxic chemicals and pagticides banned hare and in
tha Unitea stares can still find their way intoc our lives,
endangering our land, our wataer and our children. Rachel carson,
whoth wa honor hara today, halped alart us in the United States to
thesa dangers. Let us new forge a gledal agreement To Stop thasa
toxic substances from being relmased into the world azound us.
(Applausa.) :

_ Today, thanks to tha Montreal Protocol, we arwe
S§lowing the productian and the cansumption of
chloroflusrocarbens, the chemicals that have dasn eating a hole
in the Earth's ozons layer. We'ro on our way to closding tho
azona hole that thraatenz Antarctica and Auztralia. Now wa must
Sea ta it that this landmark treaty is enforced from one cormer

MORE
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©f the Zarth to the other. We need no mare new holes in zhe
ozoNa. (Applauga. )

Finally, we mua® work co raduce harmgyul greanhouge
gis emiisisns. Thasa Jases Telaasad by cars and POwWer plantsz ang
burning forests affaect our health and our climatae., They are
litgrally Warning out planat. TIf thay continug unakatad, tha

- COnsaquences will he noThing short ©f Qevastating for the
children hare in this audience and their children,

' New waather patternz. lost Spacies, the spraad o=
infectioug diseases, damaged aconsmies, rizing sea lavels -- ig
pragent trands continua, thera 13 a xeal rigk that gomatima 3
the next Sentury, parts of this VEerY Parka we are here in taday
could Aiszeppear, cubmerged by a riging ocean. That ia why today,
from this remarxanla place, I <all upon tha community of nations
ta agrae to legally hinding commitments =o £ight climate changs.
(Applausa,)

We must stand together 8g8in3at the threat of global
Warming. A greenhousa. may ba a goocd place to raige Plants; it iz
RO place to nurture our children. And we can avold adangerousg
global warming if we bagin teday and if we begin tegother,

IZ we meet 311 thare challanges. we can make 1397 a
milesatone yaear in pretacting the globdal emvironment. We can do
it in a way cthat encourades sustainabla develcPment. ona Lhing
we've loarned {n recant yeara is that protacting the environment
and promoting human Progress aras not incompatible goals, thay go
hand in hand, I ag very ploased Chat the United Nations Ganeral

An Australian folkX tale has it that in the beginning
the oky waa 50 close =o the Barth that it blocked out all the
light. Evaryona was foreed ®o cerawl in cthae darknecs, collacting
with their hands whataever they could f£ind to 8at. Bur tha birasa
of that land decided that if they worked togethar they could
Talse the sky and make mora raem to move about. Slowly, with
long sticka, they lifted the SKkY. The darkness passad ang |
averyone stood upright,

If wa wark together as those birds did, we can
Presarve our anvirsnmant for eur children. for thoir ehildren,
far ganerations beyond. vrLatr ys 1ifc our sights ana oursslvez to
that graat challengae.

. - Thaax you vary much. (Applausa.)

END 1:52 P.M. (L)
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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. N

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. Modern 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.3

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 modern 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 s0.5 Moreover, cost-
benetit analysis presupposes that the relevant costs and bene-
fits are those that ultimately affect human welfare.6

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
5.5.2.1.

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.

Muilticriteria 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
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\) = Marginal Benefit, MB

GHG Emission Reduction

Marginal Costs and Benefits

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 CO, 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 CO, 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
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.!3

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 cas@s (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.
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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!s to more than 100 years for N,0 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 CO,. 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.!6

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-
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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'9). 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.?! 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?
o 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.?’ 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.2¢ 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 lighting, 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?30

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 MB, 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.3! 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.32

Unfortunately, to date, most of the discussions of impacts
of climate change on the developing countries have been
qualitative in nature,3? and there is an urgent need for more
quantitative estimates. According to a recent GEF survey of
country studies (Fuglestvedt et al., 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.3s

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
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loss of GDP growth) is the appropriate measure.3 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 al., 1992) as well as for developing
countries such as Sri Lanka (Meier et al., 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.3’

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.38
As is evident, these estimates show considerable variation.
Even so, none of thése estimates reflects “green accounting” or
any margin for no-regrets options, and only one (Glomsrod et
al., 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.3® 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),
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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 -472b
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 CO2 emissions, may also impose
new and different local environmental costs (such as loss of
biodiversity associated with reservoir inundation).*0

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 er al., 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.

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.*3

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
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Figure 5.8: The marginal cost and benefits curve for a developing
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 buik 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,)

Study type Wind No coal
Sri Lanka Systemic, single 67-131 16-26

300 MW

wind farm
GEF Generic 116-223 45-89
India Supply cost 150-600

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-
benefir analysis of the optimum level of emission reduction.
The optimal reduction, Rop(, 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 Ropl 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, ¢, that 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 x 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:#6

+ Uncertainty about the actual rates of emission.*” 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,*8 the impact of deforestation,*® or the
emissions of other greenhouse gases such as methane.>0

o 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.

o 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 effgrts were undertaken to control SO, and NO,
emissions did at least have the merit that data on the ac-
tual damage of acid rain could be found.

o 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.

o Uncertainty about the assumptions underlying policy
options. A number of studies, for example, have esti-
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mated the impact on greenhouse gas emissions of elimi-
nating subsidies on coal or electricity, using assumed
values of price elasticity.’' 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.

o 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.

o 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
Chemnobyl 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).53 (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¢

5.5.2 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.55 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-
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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.5 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.5” Some of the costs of adaptation will
vary, depending on ex ante actions (e.g., the develop-
ment of drought- or saline-resistant crops).58

» 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, 2 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.2

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-
formations 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.

1See, 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).

2A 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.

3See, 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.

5The 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.)*

Systems Potential Impacts

Forests and
terrestrial vegetation

Migration of vegetation
Reduction in inhabited range
Altered ecosystem composition

Species diversity Loss of diversity
Migration of species

Invasion of new species

Inundation of wetlands
Migration of wetlands

Coastal wetlands

Loss of habitat
Migration to new habitat
Invasion of new species

Aquatic ecosystems

Coastal resources Inundation of coastal development

Increased risk of flooding

Water resources Changes in supplies

Changes in drought and floods

Changes in water quality +
hydropower production

Agriculture Changes in crop yields
Shifts in relative productivity

and production

Human heaith 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

Damages related to changes in the
frequency and severity of extreme
weather events like storms

fSystems 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 (NUV).59 Use
values may be broken down further into the direct use value
(DUV), the indirect use value (/UV), and the option value
(OV) (potential use value).t® 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
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Total economic value

Use values Non-use values
Direct use Indirect use
values values
Output that Functional Future direct Value from
can be benefits and indirect knowledge of
consumed use values continued
directly existence
* Food * Ecological e« Biodiversity * Habitats
* Biomass functions « Conserved » Endangered
* Recreation  * Flood control habitats species
e Health e« Storm protection

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

TEV=UV+NUV
or
TEV =[DUV +IUV + 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.52 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.
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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 Travel cost Artificial market
Effect on health Wage differences
Defensive or preventive costs Property values

Proxy marketed goods

Based on intended Replacement cost Contingent
behaviour valuation
Shadow project

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 familiar
with the environmental good or service and have adequate information on which to base their preferences. Recent studies
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.®3

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 al.,
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-
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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).

5.5.2.2 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 dilemrhas 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 from it. (This is
the well-known prisoner’s dilemma from game theory.53)
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 such 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
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Table 5.4. Criteria for choosing a strategy

Flexibility

Urgency

Low cost

. Irreversibility

. Consistency

. Economic efficiency

. Profitability

. Political feasibility

. Health and safety

10. Legal and administrative feasibility
11. Equity

12. Environmental quality

13. Private vs. public sector

14. Unique or critical resources

I i Y R N N

N=J

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-
return 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 modern decision mak-
ers, who preferred to be presented with a range of feasible al-
ternatives. as opposed to one “best” solution. MCA also
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allows for the appraisal of alternatives with differing objec-
tives and varied costs and benefits, which are often assessed
in ditfering 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 inciuded 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.67

The application of MCA methods involves the following
steps:

(1) Selection and definition of attributes, say A,i=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,.]. 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 CFL
fluorescents

Transmission & 10% T&D loss goal TD+
distribution (in place of 12%) by 2000

loss reduction  12% goal delayed to 2003 TD-

Max hydro Builds both reservoirs in the Upper  maxHy
Kotmale project; 144 MW high dam
version of Kukule
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 oil
rather than 2.5% S)
Use low sulphur (0.5%) coal low S
(rather than 1% S coal) coal
FGD systems Model free to choose optimal FGD
generation mix; coal plants
must have FGD systems
FGD systems forced onto basecase *FGD
solution
No coal Model free to choose least-cost noCoal

combination of diesels + hydro

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, wher® 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 overail 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, ",-(A,-j) (also known as the attribute value
function).s8 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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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.5?

Several useful concepts arise here. First is the concept of
dominance.”™ 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.”!

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 + no coal) to option X (no coal + low sul-
phur oil) makes an implicit valuation of the concomitant re-
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Source: Meier er al. (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 2003$/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 change 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,
modern 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 — 1 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 moresdetail.

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 CO, 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
bitls 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
abatemnent 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
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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
CO, 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 (TERI,
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 al., 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 emissionsin 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 trom $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 [ project” for
those which operate in the range AC (i.e., for which national eco-
nomic benefits are greater than national costs) and “type Il 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 Il
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 er
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 II, 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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FROM: Michael Warren, Executive Director
National Economic Council

SUBJECT: Climate Change Deputies Meeting

There will be a joint NEC-CEA Deputies meeting on climate change on
Wednesday, October 23 at 10:30 a.m. in room 231 OEOB. This meeting will be
chaired by Dan Tarullo ang Kathleen McGinty,

An agenda wili be sent to you next week. Please call Kristen Panerali at the
NEC at 456-5353 with your clearance information, Thanks.
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Washington, D.C. 20520

October 17, 1996

MEMORANDUM
TO: Distribution
FROM: OES - Rafe Pomerance, Acting QUP

SUBJECT: Submission to Secretariat of the UN Framework
Convention on Climate Change

Attached is a revised draft of the proposed United States
submission to the Secretariat of the UN Framework Convention on
Climate Change. This draft has been revised to reflect
comments and suggestions raised by several agencies. In order
to ensure that agencies have an opportunity to review the final
draft before submission to the Secretariat, I am sending the
document for your final clearance.

As background, you should know that this submission 1is
designed to outline in broad terms the key elements of a final
agreement that are important for further discussion and
consideration. More detailed policies and positions will be
developed by the USG in the months ahead with your
participation. Our submission at this time is intended to help
maintain the momentum we have established in defining the
negotiations on terms that are consistent with our interests.
In order to ensure that our views are fully reflected in the
documentation prepared for the next round of negotiations in
December, it is essential that we provide our suggestions for
key negotiating elements at this time. The U.S. submission
will be compiled along with those of other nations by the
Secretariat and will be circulated publicly.

To comply with the Secretariat’s deadlines, we would
appreciate your clearance by noon, Friday, October 18, 1996.
Please fax or phone your comments to me on (0)647-2232 or
(£)647-0217.

Thank you for your assistance.

Attachment:
As stated.
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Draft Rev. 3 -- 10/17/96

U.S. Submission on
(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 growing
contribution of developing country emissions and begin to plan
for 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 rejected the use
of inflexible, harmonized policies and measures. In the spirit
of providing individual countries greater flexibility in
meeting any agreed upon limitations, we believe that it is
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 instrument, we
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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Preamble

If the legal instrument takes the form of a protocol, it
might include a preamble. If it takes the form of an
amendment, it would not, although the decision adopting the
amendment could.

pefiniti

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.

objecti

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.

Level and Structure of the Target

The Geneva Declaration calls for a legally-binding target
and timetable, consistent with the U.S. call at COP-2, to shift
the negotiations away from unrealistic, near-term proposals 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 for
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 jdeas and approaches have
focused on a single-year target, but we believe it will be
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 CcopP-3.

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

Advancing Article 4.1 Commi :

»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:

o 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)

L 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

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.

Ingtituts

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 he officers of an
institution serving the protocol.)
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Compliance

The term "compliance" is used in this context to refer to
the cluster of processes/mechanisms that provide incentives for
the Parties to abide by their legal commitments.

Ensuring effective compliance will be critical for
environmental as well as economic reasons. Unless parties
comply, there will be little incentive to act and we will not
achieve our environmental objectives. Uneven compliance will
undermine confidence in the new legal instrument and encourage
rfree-riding."”

A key means of promoting compliance will be to ensure that
commitments are realistic and achievable (as noted above). In
addition, it will be important to consider supplementary means
for promoting compliance, including ways to ascertain whether
Parties are meeting their obligations and ways to encourage
them to do so. In this context, we will need to consider
elaborating existing reporting and review mechanisms.

Unless otherwise provided, an amendment to the Convention
would be covered by the Convention's reporting requirements, as
well as dispute settlement provisions and any multilateral
consultative process that might be established. A protocol
would need to specify whether any of these Convention
mechanisms would apply, as well as any additional

compliance-related provisions.
vecision-—Maki

Only the Parties to the protocol or amendment should have
decision-making authority with respect to that instrument.
Final Clauses

A protocol would need to contain several final clauses,
including, for example, provisions on entry into force and

amendment. An amendment's final clauses are already set forth
in the Convention.
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“atmosphere trace gases like the greenhouse gases or ozone-depleting chemicals,
_engineering massive land-use changes such as deforestation, depleting multi-

‘T'governments have recently approved a framework treaty on climate change to
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Wiiliam D. Nordhaus -

Ibert Einstein’s reaction to quantum mechanics was “God does not play
'dice with the universe.” Yet mankind is playing dice with the natural
environment through a multitude of interventions—injecting into the -

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 analyzéd in this symposium is the threat of greenhouse warming.
Climatologists and other scientists warn that the accumulation of carbon diox-
ide (CO,) 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,

m 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 this treaty formed the centerpiece of .. -
the Earth Summit held in Rio in June 1992.' = - _ o
_ Natural scientists have pondered the question of greenhouse warming fora -
century. Only recently have economists begun to tackle the issue, studying the:
impacts of climate change, the costs of slowing climate change, and alternative
~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. : : - : o -
My purpose here is to provide a non-technical introduction to the eco-
nomics of climate change. 1 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 ﬁaékground .

What is the greenhouse effect? It is the process by which radiatively active
- gases like CO, selectively absorb radiation at different points of the spectrum -
and thereby warm the surfice 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.2 ] .
_ ~ 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 CO, is 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 “CO, equivalent” of greenhouse gases,® atmospheric concentrations of
greenhouse gases have risen by over half of the preindustrial level of CO,. -
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, biodivérsity and biotechnology, as well as to develop principles for environmentally sound
economic development. . - - : ' :

*A non-technical description of the science underlying the greenhouse effect is contained in

National Academy of Sciences (1992). A thorough survey, full of interesting figures and back-

ground, is contained in IPCC (1990). _ '

3Because greenhouse gases have differing lifetimes, combining them into a single index of their

“CO, equivalent” poses complex scientific and economic questions. as Schmalensce (1993) shows.
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Figure 1 - :
Projections of Global Temperature Increase:
[PCC Report and DICE Model '

6T . | -

Temperature Change (degrees C)
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Note: 1PCC Report is from Intergovernmental Panel on Climate Change (1990), while DICE model
is from Nordhaus (1998). The dashed lines are from 1PCC Report and represent, from top to
bottom, high estimate, best estimate, and low estimate. The solid lines are from the DICE model
and represent, from top to bottom, the 90th, 50th, and 10th percentiles of calculated temperature
increases from 500 Monte Carlo runs. In both cases, the changes represent temperature increases
from 1900. '

scientists project that a doubling of the atmospheric concentrations of CO, will
in equilibrium lead to a warming of the earth’s surface of 1 to 5 degree Celsius;
‘other projected and equally uncertain effects include an increase in precipita-
tion and evaporation, a small rise in sea level over the next century, and the
potential for hotter and drier weather in mid-continential regions such as the
U.S. midwest. Atmospheric scientists have engaged in a spirited debate about
the climatic impact of increasing greenhouse-gas concentrations, but it is
unlikely that the uncertainties will be resolved until this vast geophysical
experiment has run its course.

To translate these equilibrium results into a projection of future climate
change requires a scenario for emissions and concentrations. Using rudimen-
tary economic modeling, the Intergovernmental Panel on Climate Change (or
IPCC), an international panel of distinguished scientists, projected that “busi-
ness as usual” would produce a 3 to 6 degree C warming in 2100 (relative to
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 model,
described more fully later in this paper) to develop a distribution of future
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temperature increases. Figﬁrc'l shows as"sol_id.' lines the lOth..50th. and 90th

percentiles of the temperature-increase distribution from the DICE model. In
general, economic models project rising relative energy prices and slowing

economic growth in the coming decades; as a result, they tend to show lower _

‘emissions and temperature trends than the extrapolative approaches often

used in the scientific community and exemplified by the IPCC Projections.-

. However, virtually all Projections are worrisome because climate appears to be

- heading out of the historical range of temperatures witnessed during the span.

of human civilizations,

Climate models resemble large macroeconomic models in their ability to

answer virtually any question that modelers care to ask. However, the reliability
of climate models for global climate changes is unproven, and climate modelers
do not expect to be able to forecast regional climates accurately in the foresee-
able future. Some believe that there may be “regime changes” in which the
climate flips from one locally stable equilibrium to another, say because of

changes in ocean circulation. Elaborating bigger and better models will Pprovide

fruitful full employment for climatologists well into the next century.

Impacts of ClimafeCh_ange

What are the likely impacts of projected climate changes over. the next
century? To begin, we should recognize that in the long march of economic
development, technology has increasingly” insulated humans and economic
activity from the vagaries of climate. Two centuries ago, work and recreation
were dictated by the cycles of daylight, the seasons, and the agricultural
growing season. . o _ '

Today, thanks to modern technology, humans live and thrive in virtually
every climate on earth. For the bulk of economic activity, variables like wages,
unionization, labor-force skills, and political factors swamp climatic considera-
tions. When a manufacturing firm decides between investing in Hong Kong
and Moscow, climate will probably not even be on the list of factors considered.

- Moreover, the process of economic development and technological change tend
progressively to reduce climate sensitivity as the share of agriculture in output
and employment declines and as capital-intensive space heating and cooling,
enclosed shopping malls, artificial snow, and accurate weather .or hurricane
forecasting reduces the vulnerability of economic activity to weather.

In. thinking about the impact of climate change, one must recognize that
the variable focussed on in most analyses—globally averaged surface tempera-
ture—has little salience for impacts. Rather, variables that accompany or are
the result of temperature changes—precipitation, water levels, extremes of
droughts or freezes, and thresholds like the freezing point or the level of dikes
and levees—uwill drive the socioeconomic impacts. Mean temperature is chosen
because it is a useful index of climate change that is highly correlated with or

-
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determines the more important variables. Moreover, it mast be emphasized
that impact studies are in their infancy and that studies of low-income regions
are virtually non-existent. '

Existing research uses a wide variety of approaches including time-series
analysis, engineering studies, and historical analogs. Climate change is likely to
have different effects on different 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 tempcratixres—will be most sensitive to climate change. Agriculture, forestry,
outdoor recreation, and coastal activities fall in this category. Countries like
Japan or the United States are relatively insulated from climate change while
developing countries like India are more vulnerable. -

- This. survey of impacts will concentrate primarily upon the United States,
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, communications, 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 CO; doubling
estimated by Cline and shown in Table 1 superimposes the estimated impacts
that would occur roughly a century from now upon 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 pf 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 National 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 carly review, émphasizing 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).
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Tablel DU R
Comparison of Estimates of Impact of Global Warming on the United States:
Impact on Incomes of CO, Doubling : : :
(in billions of 1988 U.S. dollars per year)

Nordhaus Cliné - Fankhauser

Heavily affected 'scctou_ : ' .
Agriculture ] 152 . 7.4

. . Coastal areas = - _ 10.7. - 25 - 23

Energy - : " 05 9 S0
Othersectors - 81 . - _

Wetland and speciesloss N A N 148

- Health and amenity - Y T ;303
Other . b “112 BN ¢ 3 I
Toul: billions of § , - 503 534 | 66.9

(Percent of ousput) - o g 13

*References are Nordhaus (1991), Cline (1992), Fankhauser (1998).
®These are included in the total for “other sectors.” .

boating, and swimming. In agriculture, Cline relies on estimates that involve
little or no adaptation. For health effects, Cline bases his estimates on a study
that virtually ignores adaptation. For species_loss, Cline takes a very costly

- - decision (that of the Northern spotted owl) and uses that as the basis for

valuation. Even with this tendency to see the pessimistic side of global warming,
- Cline’s estimates of impacts are only marginally above those found in other

studies (1.1 percent 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). Lo

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 8 degree warming for the United States. " o
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 experts on the economic impacts of climate change
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‘(Nordhaus, _1993b). For a 3 degree C warming in 2090, the median response

loss of 1.8 percent of world output. However, there is great
ertainty: the median estimate of the 10th percentile of outcomes is for no
while the median estimate of the 90th percentile of outcomes is for a

5.5 percent loss of world output. _
Al these studies indicate the great uncertainty about the impact of climate -

unc

_change. More recent analysis suggests that the studies reported in Table 1 may

well overestimate the impact of climate change because they ignore many ways
in which economies can adapt to changing climate. One kind of adaptation
ignored in most studies is the buffering of shocks by trade. A study by Reilly
and Hohmann (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 estimates 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
s 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 gains and

adaptations.’

Another 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 by Mendelsohn, Nordhaus, and Shaw (1993a, b) developed such an
approach by examining the impact of climate on U.S. agriculture. This study
uses cross-sectional data on climate, farm-land prices, and other economic and
geophysical data for almost 3000 counties in the United States. :

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

3One might suspect that there is.often an unconscious impulse to find costs and ignore benefits of
climate change. A comparison of two sets of studies is instructive in this respect. Almost two decades
ago, a series of studies was undertaken to investigate the impact of flights in the stratosphere on
global cooling. Studies by d'Arge and others (summarized in National Rescarch Council, 1979)
found that global cooling of 1°C would impose costs in a number of areas. Of the nine areas of costs
identified in the global cooling studies (agriculwre, forest products, marine resources, health,
locational preferences, fuel demand, housing, public expenditures, and aesthetics), only two were
examined in the 1989 EPA study of global warming and none were calculated by the EPA to
produce benefits. The largest estimated cost in the global cooling studies was the amenity effect of
cooling, determined through regional wage differentials. This topic was completely ignored in the
EPA studies. One is tempted to say that environmental impact studies can find the cloud behind

every silver lining.
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'grains.'Upder- this appmach, the Ricardian model finds a_hnual losses 'rangiiig

from $6 to $8 billion annually (without CO, fertilization in 1988 prices _-at 1988

levels of farm 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 is
 slightly positive, ranging from a loss of $0.7 billion to a gain of $2 billion per
year. The differing results arise because the broader approach weights rela-"
tively more heavily the irrigated lands of the American West and South that
thrive 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 o

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 impact of climate change on developing countries
‘needs to be done. - - - - - .

The Balancing Act in Climate 'Chahge Policies

. The greenhouse effect is the granddaddy of public goods problems—emis-
sions affect climate globally -for centuries to come. Because of the climate
externality, individuals will not produce the efficient quantity of greenhouse
gascs. An important goal of economic research is to examine policies that will " -
find the right balance, 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. . - -

future climate-induced damages. To translate these into a marginal benéfit
~ function, it is riecessary to follow the emissions through greenhouse-gas concen-
trations to economic impicts, and then take the present value of the impact of
an emission of an additional- unit. Graphically, we can depict the marginal
‘damages averted per unit of emissions reduction as the downward-sloping
marginal benefit (MB) curve in Figure 2. S o
The second relationship is 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
CO, fromthe atmosphere and putting even more stringent controls on CFCs.
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Figure 2 : :
' Mg:rginal Costs and Benefits of Greenhouse-Gas Emissions Coantrols
- MC
.
5
c
2
g
g
X
]
4
B0
5 MB
=

r‘
Emissions reduction (r) _
Note: Efficient policy comes at point E, where marginal cost of further emissions reduction (MC)

equals marginal benefit of cmissions reductions in slowing climate change (MB). T* is the cfficient
carbon tax while r* is the ‘efficient reduction rate. :

Another option, definitely not in the environmentally correct package,
would be to offset greenhouse warming through climatic engineering, primar-
ily through measures to change the albedo (reflectivity) of the earth. Such
options include injecting particles that would increase the backscattering or
reflecting of incoming suntight or stimulate absorption of carbon. Two particu- -
larly interesting proposals include shooting smart mirrors into space with -
16-inch naval rifles or seeding the oceans with iron to accelerate carbon
sequcstration.6 Whatever the approach, economists emphasize the importance
of cost-cffcctivcncss——structu_rihg policies to get the maximal reduction in
harmful climatic change for a given level of expenditure. Figure 2 shows
schematically the marginal cost of cost-effective emissions reductions as MC..

The shape of the cost function for reducing CO, emissions has been
thoroughly studied, and the effort discussed by John Weyant in this symposium
represents the most careful comparative examination of the results of different
models. In addition, policies should include other cost-effective measures, and
a recent National Academy of Sciences Panel (1992) has compared the costs ofa
wide variety of measures, including rough estimates of the costs of climate
engineering.

From an economic point of view, efficient policies are ones in which the
marginal costs are balanced with the marginal benefits of emissions reductions.
Figure 2 shows schematically how the efficient rate of emissions reduction and

5The issues of gevengineering arc discussed in National Academy of Sciences (1992, Chapter 28).
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the optimal carbon tax are determined. The pure market solution comes with
emissions - reductions at 0, where MB is far above the zero MC, Point E .
represents the efficient point at which marginal abatement costs equal marginal
benefits from slowing climate change. The policy can be represented by the
efficient fractional reduction in emissions, 7* on the horizontal axis, or by. the

optimal carbon tax, T* on the vertical axis.

Empirical Modeling of Opﬁmal Policies

Sketching the optimal policy in Figure 2 demands little more than pencil,
Paper, and a rudiméntary understanding of economics. To move from theory
to useful empirical models requires understanding a wide variety of empirical -
economic and geophysical relationships. Work has progressed to the point
where the economics and natural science can be integrated to estimate optimal
control strategies. In one study; I developed a simple cost-benefit analysis for
determining the optimal steady-state control of CO, and other greenhouse
gases based on the comparative statics framework shown in Figure 2 (Nordhaus,
1991). This earlier study came to a middle-of-the-road conclusion that the
threat of greenhouse warming was sufficient to justify low-cost steps to slow the
Pace of climate change. o ‘ - SR o
. A more complete elaboration has been made using an approach T call the
“DICE model,” shorthand for a Dynamic Integrated Model of Climate and the
Economy.” The DICE model is a global dynamic optimization model for
estimating the optimal path of reductions of 'grcenhouse-gas emissions. The
basic approach is t6 calculate the optimal path for both capital accumulation

- and reductions of greenhouse-gas emissions in the framework of the Ramsey- _
(1928) model of intertemporal choice. The resulting trajectory can be inter- -

preted as.the most efficient path for slowing climate change given inputs and

_technologies; an alternative interpretation is as a competitive market equilib-

rium in which externalities or spillover effects are corrected using the appropri-

ate social prices for greenhouse-gas emissions. g _
The DICE model asks whether to consume goods and services, invest in

productive capital, or slow climate change via reducing greenhouse-gas emis-

* sions. The optimal path chosen is one that maximizes an objective function that

is the discounted sum of the utilities of per capita consumption. Consumption
and Thvestment are constrained by a conventional set of economic relationships
(Cobb-Douglas production function, capital-balance equation, and so forth) and -

~ by a newly developed set of 'aggr_egate geophysical constraints (interrelating k

economic activity, greenhouse gas emissions and concentrations, climate change,
costs of abatement, and impacts from climate change). '

The basic model and resulys are presented in Nordhaus (19924, b). while complere documentation
and analvsis are tortheomning in Novdhaus (199

c e
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Figure 3 ' o
Calculated Carbon Taxes for Three Policies

Carbon Tax Rate .
{Tax in $ per ton C equivalent)

1000 v
1

100

'$ per ton carbon (1989 US' $)

=}
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-« Economic optimum ~¥- Stabilize climate  -e Stabilize emissiorﬂ

To give the flavor of the results from the DICE model, consider the
economic optimum and compare it to two alternative policies that have been
proposed by governments or by the environmental community. The three
options are (1) economic optimization as described in the previous paragraph;
(2) stabilizing greenhouse-gas emissions at 1990 levels, a target that was en-
dorsed at the Rio Earth Summit by the United States and other governments;
and (3) stabilizing climate so that the change in global average temperature is
limited to no more than 0.2 degrees C per decade with an ultimate limitation of
1.5 degrees C (compare this with the projections in Figure 1).

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

' Figure 3 shows the resulting carbon taxes. For calibration purposes, in the
United States, a carbon tax of $100 per ton would raise coal prices by 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 emissions
reductions). The economic optimum produces relatively modest carbon taxes,
rising from around $5 per ton carbon to around $20 per ton by the end of the
next century. The stabilization 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;
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climate stabilization involves current carbon taxes over $100 per ton ‘carbon S

today rising to nearly $1000 per ton by the end of the next cemtury, .
~The DICE model can also be used to inquire into the estimated net.

-economic impact of alternative policies. For the global economy, the economic |

optimum has a net benefit over no controls for the global cconomy (in terms of
the discounted present value measured in _l_990_,consumption_'units) of $270

billion. On the other hand, stabilizing emissions or climate imposes major ‘net

- economic costs. Stabilizing emissions leads to a net present-value loss of around

'$7 trillion relative to the optimum, while attempting to stabilize climate would
have a net present-value cost of around $41 rillion. If these present value
figures are converted into consumption annuities using an annuity rate of
4 percent per annum, these strategies represent, respeétivcly, a gain of

0.05 percent and losses of 1.4 and 8.2 percent of today’s annual gross world |

output. It would take a major misestimate of either the costs of emissions

reductions or of climate-change damages to make the stabilization options

economically advantageous.

Several other economic studies have also dlculatcd efficient approaches to -
 slowing global warming. The studies of Manne and Richels (1990, 1992), Peck -

and Teisberg (1992), and Kolstad (1993) find conclusions roughly similar to

those reported here. Other studies—those of Kolstad (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 optimal policies in the general

range of those determined here. o _ .

Two studies derive quite different results, one more optimistic, one more
Pessimistic. The studies by Jorgenson and Wilcoxen (1991, most strikingly)
show a lower set of carbon taxes needed to stabilize greenhouse-gas emissions

than those shown here; the reason for the. lower carbon taxes seems to reside
largely in the slow projected economic growth. By contrast, the study by Cline. -
- (1992) proposes much higher control rates. The more stringent controls in the

Cline 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 undertake massive investments in tangible, human, and
environmental capital; who will do all this saving is an unanswered question.

. \

~,

Uncertainties and Anxieties

Most economic studies of the impacts and policies concerning climate
change are based on scenarios like the smooth and gradual warming depicted
in Figure 1. And, as indicated in the last section, the conclusion that emerges .
from most economic studies is to impose modest restraints, pack up our tools,
and concentrate on more pressing problems. Given the high costs of con]tfols
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and the modest projected impacts of a 1 to 3 degree o warming over the next

" half 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

verty and drug use along with stagnating incomes in the West, and sporadic
outbreaks of violence and civil war just about everywhere? Given the modest
estimated impact of climaté 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 migration
overrunning borders in search of livable land. Given the potential for catas-
trophic surprises, perhaps we should ¢onclude 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 38 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 Hiagen-Dazs variety in dynamic optimization
models)? Should we be ultraconservative and tilt 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
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.. :

philosophers and politicians. Rather, I believe that natural and social sciences
have a central role to play in analyzing potential future ouicomes and delineat.
ing potential "rgspon-ses._Socicty often’ requires that decisions be made in the
-absence of complete informatior, whether the decisions be military strategy, oil

drilling, or research” and development. In each case, a reasoned decision =

process involves listing the events that may occur, estimating the consequences
of the events, judging the probabilities that each of the ‘events will occur,
weighing the expected value of the consequences against the expected costs
under different courses of action, and choosing the action that maximizes the
expected value or utility of the outcome. . - U R
Reasoned decision-making under uncertainty is no different for climate-
change policy than for other areas; although it may be more complex and
require crossing traditional disciplinary boundaries more often. 'Iri.thinking'
through the appropriate treatrment of future surprises, to the natural scientists
falls the crucial task of sorting through the apocalyptic scenarios and obtaining
‘rough judgments as to the likelihood of different geophysical outcomes so as to
distinguish between the likely, plausible, possible, and virtually impossible. To
the social scientists falls the issue of assessing the probabilities, determining the
values of different outcomes, and devising sensible strategies in the face of such
massive uncertainties. To our leaders falls the burden of ultimately deciding
how to balance future Pperils against Present costs. For all, this is a fruitful use of
our collective talents, full of intellectual challenges and practical payoffs. o '
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Costs of Reducing Global
Carbon Emissions

.-

John P. Weyant

rojecting 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-
stum. 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 estimates when-
ever specific policy options are contemplated.

Projecting the costs of reducing carbon emissions is difficult bccause 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 CO, in the atmosphere auributable to human activity (and about

® John P. Weyant is Professor of Engineering-Economic Systems and Director of lhe
Energy Modeling Forum, Stanford University, Stanford, California.
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I percent of total atmospheric carbon). Thus, the cost of reducing global
carbon concentrations depends on the collective emissions of all the countries

For the purposes of surveying a number of assumptions and models, the
recently completed Energy Modeling Forum 12 study entitled “Controlling
Global Carbon Emissions; Costs and Policy Options,” which included a compar-
ison of results from 14 models for 13 standardized scenarios, is helpful in this

_ ions » in particu-
lar the excellent surveys by Nordhaus (1991), Congressional Budget Office
(1990), Beoro, Clarke, and Winters (1991), Cline (1992),
et al. (1993). - '

An important limitation of the existing studies, inchiding those represented
in EMF 12, is that they focus almost exclusively on reducing carbon dioxide
emissions, and include very little detail on the developing countries, Although
carbon’dioxide is the most important greenhouse gas, reductions in emissions
of other greenhouse gases like methane may ultimately -prove more cost
effective (Blitzer et al., 1992 Schmalensee, 1993). - o .

Many models are now available for Studying emissions reductions in ‘the
United States and other OECD countries, and a growing number of global
analyses offer some regional detail. In the global studies, however, developing
countries ‘are typically treated in a simplistic fashion, or aggregated together
because of lack of appropriate data and institutional information for the

- countries involved, or computational limits on model size. A number of devel-
oping countries (including China, India, Brazil, Egypt, Nigeria, Indonesia, and
others) have substantial emissions at present and for emissions levels that are

and Dean

» including long-, medium- and short-range
time horizons. Finally, the conclusion summarizes what we know and don't
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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
measure(s) 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 tax 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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technologies. At some point these two approaches tend to look quite similar
though, as the end-use process analysis usually runs out of new technology
concepts after a couple of decades, and it is then assumed that the efficiency of
the most efficient technologies for which there is an actual Proposed design will
continue to improve as time goes on. Particularly important, but difficult, here

is projecting technological progress. Attempts to estimate empirically the de-

pendence of future trends in productivity on factor prices, including energy,
are rare. Jorgenson and Wilcoxen (1991) present one Prominent attempt to do
so. _ :

In the long run, the assumptions made about the cost “of substitutes for
conventional oil and gas determine the cost of controlling carbon emissions. It
is generally assumed that the long-run carbon-based fuel alternatives (for
example, coal generated electricity and coal-based liquid synthetic fuels) will be
less expensive than non-carbon 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
dioxide included in the U.S. Clean Air Act and its amendments, are repre-
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 costs can be an important element of the

baseline scenario 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.

_Control Scenario
A control scenario translates a carbon emission control program into

model inputs. Several dimensions of the control scenario considered are impor-
tant. First, the control program’ must specify a goal, which can be an annual
carbon emissions target, an atmospheric CO, ‘concentration limit, a rate of
carbon. 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

period 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.
For example, an emissions target may be met via a carbon tax, an emissions
permit trading system, energy efficiency standards, or. a variety of other
policies. For control scenarios involving carbon taxation, some assumption
needs to be made about the use of the revenues generated, and about the tax
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
poorer to begin with and likely to grow faster than the developed countries,
they will probably not agree to proportional cuts in emissions by all countries.

\
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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 mar.ke.ts are ljeprescntcd. The first thre‘e
categories are energy-cconomy models: 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

wer, 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.) ' ‘ _

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-
joral 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 capital, 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

ISee also Chichilnisky (1993).
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Table 1 : '
'Model Types and Distinguishing Characteristics

GREEN (General Equilibrium Environmental)  World 2050 M J
Burniaux/Manin/Nicoleui/ . ’
Oliveira-Martins (1991) :

Market Time  Fore-

Representation : : Model Author(s) Scope  Horizon sight Param
Disaggregated CRTM (Carbon Rights Trade Model) World 2100 M J :
Economic Rutherford (1992) . : ' ' o
Equilibrium . oo : i
DGEM (Dynamic General Equilibrium Model) U, 2050 p E .
Jorgenson/Wilcoxen (1991) R '
GOULDER . UsS. 2030 P J ?
Goulder (1993) ;
1

Disaggregated DRI McGraw-Hill ' us. 2010 - M E J
MacroEmetric Brinner, Shelby, Yanchar, Christofaro (1992) .
Adjustment : o _ . :

' LINK World 2010 M E

Kaufman/l.i/?auly/ﬂxompson (1991) : ;
Aggregate Economic CETA (Carbon Emissions Trajectory World 2100 p ] :
Equilibrium Assessment Model) Peck /T eisberg (1992a) '
: GLOBAL 2100 : World 2100 P J

Manne/Richels (1992a)

Energy-sector GEMINI o us. 2030 p ]
Equilibrium Decision Focus, Inc. (1990) -
FOSSIL2 ' Us. 208 M
AES Corporation (1990)
GLOBAL MACRO World 2100 M J
ICF, Inc. (1988) - '
ERM (Edmonds-Reilly Model) World 2095 M J
. ‘ Edmonds/Reilly (1985); '
E ' ' Edmonds and Barns (1991)
MWC (Model of Warming Commitment) World 2095 = M J
* Mintzer /Schaper (1992) . : L
EDS (IEA Energy Demand System) World 2005 M E
‘International Energy Agency (1991) '
. Energy-sector MARKAL (MARKet ALlocation Model) US. 2025 p |
Optimization Morris/Solomon /Hill /Goldstein (1990) _
' Energy Demand T-GAS (Trace Gas Accounting System) World 2010 M E
Simulation . Piccot, et al. (1990) ' '

Key: M is myop.ic; P is perfect; | is jddgmcmal; E is econometrically estimated.
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_ this type of model does not include any markets for non-energy goods.
These models generally offer a regional analysis of the nation or globe, along
with great detail on energy technology.

The objective of an energy-sector optimization model is minimization of
total U.S. energy sector costs, given the demands for energy services from the
rest of the economy. Although this optimization approach contains within it an
implicit equilibrium, it does not actually use explicit market prices. This
approach usually allows energy use to be reduced only through the introduc-
tion 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.

1o~
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_ Cost Measure

J . : " The cost of carbon emission reductions are reported using at least four
: : alternative cost measures: (1) the carbon tax required, which measures the
E : 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 varialion, 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
results for all cost measures, which further complicates comparisons. For
example, energy sector models cannot produce compensated income variation
results (since they do not examine the broader €conomy in that way), and the
total direct cost is generally not reported by general equilibrium modelers.
- These measures tend to move together, but departures from this general rule
can be significant. For example, general equilibrium models may project lower

carbon taxes required to achieve an emissions target, but greater GDP losses

than energy sector models if they include a strong negative influence of higher
energy prices on economic growth. This lowers baseline emissions, but in-
creases the share of emissions reductions that comes from lower economic
growth rates rather than reductions in energy intensity or fuel switching.

Along with the problem of measuring the cost of emissions reductions
along different dimensions, cost measures are often discussed according to their
time frame. The next section of this Paper discusses “long-run” costs, defined
as those costs which remain after a transition to primary reliance on non-fossil
fuel sources of energy can be completed. The following section will address
“short-to-intermediate-run” costs, which occur until that transition is com-
pleted. Both sorts of costs are likely to be important to policy-makers. Altho_ugh
the total annual costs of carbon emission reductions are generally projected to
be higher in the long run, the marginal costs of control can be higher in the
short run. In addition, the relative import,ance of short- and long-run costs
depends on the rate at which future costs are discounted, which is an ongoing
debate as- mentioned by Richard Schmalensee in his introduction to this
symposium. Throughout the discussion here, the goal is to describe results that
appear to be robust across all sets of input assumptions and models, and when
the results differ, to figure out why. S

Long-Run Cost Projections

The transition period to a low-carbon 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 capital stock, and the long lead time required to develop, refine,
and phase in new carbon-free technologies. Every carbon emission control
study must come to grips with this fact. - - '

) gommon Conclusions o .

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 extending beyond 2040: controlling global carbon emissions over this
time horizon will require a significant amount of international cooperation; if
'such cooperation can be achieved, a control program that is phased in gradu-
ally need not slow world economic growth appreciably, but will be expensive in
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absolute terms; and a system of international emissions trading can improve the
cfficiency of 2 global control program and significantly reduce its cost. Each of
these points is explored in turn. . . . .

A significant amount of international cooperation will be required to
ol carbon emissions in the long run. Manne and Richels (1992a) observe
bably be impossible to limit global carbon emissions to 1990 levels
f the next century if China does not participate in the control
program—even if all other countries reduce their emissions to zero! Although
China 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. ' o

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”
scenario, 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

contr
that it will pro
by the middle o

 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
9010 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 “Phased-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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by 2040, and increased by a factor of nearly six-fold by 2100. The “Phased-In
Tax" scenario would reduce emissions rather sharply by the year 2100, while
the other three scenarios would keep carbon emissions within about 20 percent
of their present level over the next century. '

The cost of a long-run global carbon emissions control program designed -
to limit emissions to their 1990 level (about 6 billion metric tons), js projected to

be about 2.5 percent of world GDP by the year 2043, plus or minus 1 percent.
If world GDP were projected to grow at 2.3 percent per year over the next
50 years in the absence of a control program, a control program phased in over
that period would only lower that growth rate to 2.25 percent per year. Thus, if
climate change turns out to be a very serious problem, it can be controlled
. without eliminating or even noticeably reducing long-run economic growth. On
the other hand, 2.5 percent of the almost $90 trillion dollar world economy in

2043 (in 1990 dollars) would amount to about $2.25 trillion dollars per year -

(2.5 percent of current world GDP is over half a trillion dollars), Given other
pressing world problems, this sum represents a substantial long-run commit-
ment of societal resources. '
These cost estimates have so far generally assumed that the emissions
reductions are achieved efficiently in each region as, for example, through the
use of a tax on the carbon content of fossil fuels. Given institutional constraints
in both the developed and developing countries, this assumption may ulti-

mately turn out to be overly optimistic, but the results obtained for the carbon

tax cases provide useful benchmarks on what might be achievable.
A growing number of analysts have studied the potential for international
. trading of emissions rights to reduce the cost of a global carbon emissions
control program.. In such a program, one country can pay for emissions
reductions in another country, if that is less expensive than the -available
- domestic options. In EMF 12, an emissions trading program was considered
relative to the global emissions stabilization scenario, where the initjal allocation
of emissions rights is 20 percent lower than current emissions for the developed
countries and 50 percent more than current emissions levels for the developing

of control by one-third or more, by equalizing the marginal cost ‘of control
across all nations.? Allocation of emissions rights by population or GDP per
cdpita would lead to even greater benefits from international emissions trading
(Yamaji and Okada, 1992; Edmonds et al., 1993). At some point, the technol-
ogy of energy production and’ use may become homogeneous enough to
eliminate these advantages, but until. that point_an international emissions
trading program will be worth serious negotiating efforts; in fact, it may be the
only way to solve the participation problem noted above. :

*For example, the four models included in EMF 12 that atempted the International Emissions
Trading Scenario—ERM, OECD-GREEN, Global 2100, and CRTM—project a decrease of
30 percent to 40 percent in the initial cost of Stabilize Global Emissions scenario with trading with
respect to the no trading case,
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significant pifferences in Assumptions and Models N
go Although the long-run cost of controlling carbon emissions seems fairly

similar in many published stu‘di<.:s. there are some diﬂ'erenc.es as well._ First, the
estimated cost of reducing emissions to achieve any CO, emission or concentra-
tion target depends on the baseline emissions projection of carbon emissions,
which in turn depends on the projected rates of economic growth, income
clasticities for energy demand, and rates of non-price induced shifts in energy
cfficiency. 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 segments 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 CO, 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 Weyant, 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 eight models are ERM. Glob-Macro, Global 2100. OECD. 1EA. CETA, MWC. and CRTM.
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1991; Manne and Richels, 1992a). Researchers who have attempted to extrapo-
late the types and efficiencies of energy-using equipment into the future have
argued that the potential exists for a rate of decrease in energy use per unit of
economic output from | percent Per year to over 2 percent per year without -
any increase in energy prices. _ o :

Some analysts use the backstop technology concept - (introduced by
Nordhaus, 1973) to represent the idea that at 2 high enough price for-energy,
one or more technologies will combine to provide a virtually unlimited supply
of energy. The inclusion of such technologies puts a cap on the ultimate cost of
carbon emissions reductions. In fact, Manne and Richels (1990), who include -
both a carbon-based backstop (like synthetic oil from coal) and a carbon-free
energy backstop (like synthetic oil from biomass) in ‘their .analysis, have ob-
served that the lorig-runcarbon tax in such a set-up can be calculated on the
back of an envelope, as the difference between the costs of the carbon-free and
carbon-based backstops divided by the carbon emissions rate of the carbon-based
backstop.* . .

Analyses that do not include backstop technologies per se generally include
long-run supply curves for carbon free resources that become very flat at high
cost levels. The resources included and extent of high-cost carbon-free resource
availability vary from one analysis to another, but each serves to limit the
long-run cost of carbon emission reductions. '

Short-to-Intermediate Run Costs

In the short-to-intermediate run, the economy must face the costs of
transition away from primary reliance on carbon-based energy. Again, some -
- commonalities among the results of these transition studies are reviewed, and
then some differences, ' ' ' o

Common Results _

Several common themes emerge from a review of the cost of control
Projections for the short-to-intermediate term. First, if the emissions target
requires moving faster than the natural rate of capital stock turnover and
technology development, significant additional adjustment costs are. likely to be
incurred. Second, recycling the revenues obtained from carbon taxation in a
way that reduces less efficient ways of raising government revenues can signifi-
cantly reduce the net cost of the control program. Third, if some major carbon
emitters fail to participate in the control program, the downward pressure on
oil prices and the supply of carbon-intensive goods in the participating ‘coun-

. *For example, in EMF 12 a carbon-based non-electric backstop costing $50/BBL, a non-carbon
non-clectric backstop at $100/BBL, and a carbon emission for the carbon-based backstop of
-24 metric tons carbon/barrel oil were specified. Thus, the long-run carbon tax produced by the
Global 2100 model is ($100-350)/.24 = $208 /metric ton carbon, . '
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“Xtrapo- .« will cause increases in carbon emissions by non-participants relative to
rznl-:ta:; their banline levels, somewhat offs‘etting any gair?s.. '

. studies of the cost of controlling carbon emissions show that incremental
without reductions in allowable emissions cost more as the absolute level of allowed
. emissions in any particular year is reduced. This finding is especially true in the
wed by short- and intermediate-run, up to about 2040, before old fossil-fuel based
1ergy, energy producing and consuming equipment can be fully retired and new
supply carbon-free technologies can be fully introduced. For example, in EMF 12 the
cost of cost of stabilizing U.S. carbon emissions (reducing them an average of 30
clude ercent relative to the no control baseline) ranged from .2-.75 percent of GDP
n-free in 2010, while the cost of reducing emissions by 20 percent in that year (or an
ve ob- additional 15 percent relative to baseline emissions on average) range from
on the .9-1.7 percent of GDP. In other words, a 20 percent additional reduction in
€ and emissions relative to 1990 levels (and, on average, a 15 percent reduction
based relative to 2010 baseline emissions) could more than double the cost.

. Existing studies also demonstrate that trying to reach fixed emissions
dl.‘de ) targets faster—say by 2010 rather than 2040—imposes. significant additional
high adjustment COsts. Short- to intermediate-run carbon tax projections from the
aurce ' models that significantly exceed their long-run levels provide the most dra-
¢ the matic evidence of situations where these additional adjustment costs 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
4 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
s of energy demand over the next 5-15 years. These adjustment costs result from a
me i combination of empirically and judgmentally estimated adjustment rate param-
and 1 . eters, as well as actual data on existing technologies and capital equipment in
“f 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
trol _ ' " a ten-year delay in the date by which the global stabilization target must be
get " achieved can reduce the peak in the carbon tax projections dramatically. In
nd ) : . addition, Manne and Richels (1992b) show that the peak is virtually eliminated
‘be ) in Global 2100 model by limiting total emissions over a 50-year time period to
' 4 ~ fifty times the 1990 levels, and letting the model decide when the emissions
fi- should occur to maximize the discounted utility of consumers. This optimiza-
t:: " 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
n- long run.
n
of

he 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 slightly over $200 per metric ton.
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Ifa carbon tax is used to reduce emissions, the way in which revenues from

that tax are used has an important impact on the projected GDP loss. Models _

like the revenue from a lump sum tax. However, carbon tax revenues could be

used to reduce existing taxes that discourage economic activity, particularly -

capital formation. This is not a prescription to overhaul fiscal policy to mini-
mize the impact of a carbon tax on the economy, but a more general observa-
tion regarding the relationship between taxation and economic growth. It
emerges in the carbon emission control context because it helps explain
differences in model results and identifies the way in which carbon tax rev-
enues are recycled as an important consideration in evaluating them as a
potential policy instrument. As partof the EMF 12 study, simulations with four
models of the U.S. economy (DRI McGraw-Hill, LINK, DGEM, and Goulder)
indicate that from 35 percent to as much as 100 percent of the U.S. GDP losses
for the phased-in carbon tax could ultimately be offset by recycling revenues
through cuts in existing taxes (Shackleton et al., 1992). On the other hand, if
the revenues are used to fund low return government projects, the cost of
achieving the carbon emission reductions could be substantially greater than
when they are recycled in lump sum fashion (Nordhaus, 1993).

If the OECD or any other group of countries unilaterally implements a

(Rutherford, 1992; Nicolett and Oliviera-Martins, 1992; Horton, Rollow, and
Ulph, 1992; Rutherford et al., 1999). Increased carbon cmissions_by non-
participating regions occur both as. a result of increased energy intensity of
economic activity domestically (that is, through the use of more energy inten-
sive production processes and demands for more energy intensive products)
and through the migration of energy-intensive production into unconstrained
regions. Carbon restrictions place countries who control at 3 competitive
disadvantage in energy-intensive industries. Thus, the cost to countries who
control emissions increases with the level of cutback, but the impact on global
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on other inputs to the economy: and assumptions about natural gas availability
and price. ' . ‘ ‘

If a fixed annual emissions rate target is specified, cumulative costs can be
reduced with some increase in short-term emissions either by allowing more
time for reaching the target, or by phasing in more gradually the instrument(s)
used to achieve the target (like a carbon tax). The cost reduction can be
particularly significant if the target date and rate of lmplementauor} are set to
allow 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 Wilcoxen, 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 ® B

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 taxéd, 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

5The lower GDP 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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revenue recycling as a means of reducing the net costs of imposing a carbon tax
to reduce carbon emissions, _ .

Finally, the cost of the transition to the non-carbon-based energy technolo-
gies can be significantly affected by the availability of natural gas resources.

be paramount in any attempt to minimize the cost of any control program—
international cooperation and time for existing energy-related facilities to be
retired and for new technologies to be phased in. A carefully designed revenye

implies only a minor reduction in the rate of economic growth if the control
Program is phased in gradually. On the other hand, if policy were to focus on
Some convenient but arbitrary earlier goal—like stabilizing or decreasing emis-
sions rates by 2000 or 2010 relative to 1999 levels—the increase in costs could

Given the timing and coordination issues discussed here'(involving co-
ordination with fiscal and trade policies, as well as with control programs in

other nations), a look at the cost side of the equation suggests the advantages of

- @ more gradual contro] policy, unless the damages resulting from the small
amount of additional emissions over the next half century can be argued to be

better position to control emissions more aggressively in the future, if that .

should become necessary. ‘

Additional research jn several areas could significantly improve our ability
to understand the costs of reducing carbon emissions, and thus to evaluate
alternative policy options. o '

L. Information about the potential for technologies that improve energy
efficiency is incomplete and often inconsistent, and there ‘js little conclusive
analysis regarding their likely rate of adoption. However, this factor is a major
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. ¢ of baseline emissions levels, a major source of differences in
- cons projcctions between the modt:ls, and .a major determinant of the cost
achieving any emissions target. Parncularl.y important .hcre are assessments
of market imperfections or distortions that impede the introduction of more
dﬁdcnl technologies. For example, energy pricing in China, the developing
countries: and the former Soviet Union has been far below world market levels.

9. The existing long-run population and economic projections display
e differences. In particular, relatively little is known about
omic and population growth in the future in such important and -

likely econ
s China, India, Brazil, Nigeria, and the independent states of

diverse countries a

the former Soviet Union.
- g, The adjustment costs that result from any control strategy depend on

the availability and cost of energy sources that do not emit carbon. Many of
these are «renewable” resources like solar or wind power. Such technologies
are nat currently cost-effective, but they could easily become competitive in the
future—say; if carbon taxes reach $100 per metric ton. The models included in
this study all represent these adjustment costs in one way or another, but often
the approaches lead to markedly different results. This suggests the value of
d models of new technology availability dates and.
introduction rates, as well as of technology transfer to the developing countries.

4. Some possible offsets to carbon emissions are not directly part of energy
production Or use; for example, tree planting or slowing deforestation, or
reducing other greenhouse gas emissions like methane from natural gas system
Jeaks, coal bed seams, or ruminants. These approaches might be as effective as
carbon emissions reductions in slowing climate change.” . -

5. The value of additional work on the linkages between environmental
policies and international trade in energy and non-energy goods is high. See
McKibbin and Wilcoxen (1992) and Manne and Rutherford (1992) for promis-

ing new work in this direction.

a [ am grateful for research supﬁort to the U.S. .Deparlmmt of -Energj,- the U.S.
. Environmental Protection Agency, and the National Science Foundation and for valu-
able comments to Darius Gaskins, Jim McMahon, Don Rosenthal, Richard Schmalensee,

Bob Shackleton, Carl Shapiro, Jim Sweeney, and Timothy Taylor.

"Herzog et al. (1993) argue that a large scale long-run program of carbon sequestration may not
ultimately prove feasible. A small interim program could, however, provide much needed time for
the world’s economies to make the adjustinents necessary to transition to non

-catbon based energy
fuels. See, for example, Callaway et al. (1993) and Richards et al. (1993). :
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e Global Warming Policy: B | l
James M. Poterba

he scientific evidence on how man-made emissions of greenhouse gases

affect global climate is not yet conclusive, but in spite of this, many

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 tax proposals, such as President Clinton’s
recent proposal for a BTU tax, in the relative burdens that it placcs 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

CO, 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. S -_ &

m James M. Poterba is Professor.of Economics, Massachusetts Institule of Technology, ‘ 2
and Director of the Public Economics Research Program, National Bureau of Economic
Research, both in Cambridge, Massachuselts.
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- Global climate change is a slow process, at least relative to many other
phenomena studied in économics. Most of the consequences of global warming
occur in the middle of the next century, at the earliest. This time profile of
benefits has an important implication for comparisons of the three classes of
policy responses described above. Since the benefits of all three types of policies
accrue in the distant future, but the costs of Preventive policies are incurred
now, the benefit-cost ratio for prevention policies is more sensitive to the
discount rate than the benefit-cost ratio for either abatement or amelioration
policies. At high discount rates, prevention policies look relatively unattractive.
Nevertheless, preventive policies have received nearly all of the attention in
global warming policy discussions. Part of their appeal derives from a concern
with worst-case scenarios. Because atmospheric carbon dioxide has a long
half-life, reducing emissions today provides a margin of insurance against
future discoveries of adverse effects. Part of the preventive policies’ appeal is’
clearly political, however. Enacting an environmental tax increase enables
politicians to claim that they have taken immediate action on the global
warming “problem.” o '

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 are aimed at
preventing greenhouse gas emissions. Yet in the last few years, a substantial
“volume of research has considered the design of taxes to slow greenhouse gas
emissions and the economic effects of such policies. In this paper, I summarize
the insights that have emerged from this work. - ) '

The paper begins by explaining that while efficiency considerations create
a presumption for using coordinated international policies to alter greenhouse
gas emissions, the. prospects for such action are bleak. It then focuses on the
Public finance of carbon taxes at the national level, considering the design of
such taxes as well as their incidence across arid within nations. The next part of
the paper focuses on greenhouse gas emission policies that could be enacted in
less developed countries, such as the elimination of fossil fuel subsidies. and
other policiés to slow deforestation. A brief conclusion suggests several promis-
ing directions for future study. o

Prospects for Coordinated International Action

‘There is a strong theoretical, if not practical, presumption that actions
concerned with global climate change should be taken at a supranational level.
National emission abatement policies are likely to select inefficient emission
targets for several reasons. First, and most important, they neglect the benefits
from emission reduction that accrue to other nations, and therefore tend to
sclect too little emission control. Second. no single nation acung alone can
stabilize greenhouse gas emissions: this makes it difficult o marshall support
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o Otl_‘cr " for any action at all. Third, international competition can undermine environ-
varming : B mental policy-making. If one nation enacts a policy to reduce a particular class
.roﬁlc of ' 3 of emissions, polluters with high abatement costs may move to other nations
assc's.of - with less stringent emissions standards. As nations compete with each other to
policies ) " retain internationally mobile factors; they may be caught in a “race to the
curred bottom” with respect to environmental policy. Finally, unilateral national poli-
to -Lhe cies are unlikely to achieve the least-cost method of reducing emissions, since
Orat.lon they do not trade off opportunities for emissions reduction in different coun-
I'.actlv.e. tries. Hoel (1993) discusses the gains from mulilateral environmental action,
tion in and Martin et al. (1992) present empirical evidence on the cost savings from
concern multilateral rather than unilateral policies to reduce greenhouse gas emissions,
3 l9ng with a focus on the European case. o
against " In spite of these efficiency arguments, coordinated international action is
peal is difficult to achieve. Without a system of international property rights, nor any
cnables associated mechanism for enforcing property claims or adjudicating disputes, it
global i “is difficult to develop market-based solutions for global environmental prob-.
E lems. International coalitions for environmental action are fundamentally
search voluntary associations which function only when all nations benefit from partici-
- more 3 pation. There is wide disparity in the costs and benefits of different policies
ned at o _across nations on many environmental problems, including global climate
tantial - b change. The central task of designing a successful environmental accord is
'se gas * therefore to find compensation mechanisms, such as aid or other transfers, that
marize ! will draw the “losers” from environmental policies into the coalition. If wealthy
nations with the resources to make transfers that convince other nations to
create . participate in an agreement are not committed to a global environmental .
thouse Ll - accord, or if they choose to free-ride. on the actions. of other nations, the
n the § prospects for success are limited. - _
1gn of 5 Measuring the costs and benefits of global climate change for an individual
rart f’f ) ' nation, and even the world, involves substantial uncertainties. In this ‘issue,
ted in " Nordhaus surveys much of the work to date. One finding is that currently
S a'fd ! developing nations, which tend to derive higher shares of GDP from agricul-
romis- a ture than their developed neighbors, are more sensitive to climate change than
. currently 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 share of
‘ GNP of adapting to rising sea levels, one of the consequences, of global
. ; warming. New Zealand is the only developed nation in his list. For some
ctions ' nations, such as Canada and Russia, global warming might actually prove
,lc‘,'d' ‘beneficial and raise agricultural yields. Nordhaus (1991) concludes that the
ission potential costs to the United States of a warming earth will be modest, at least
nefits ' over the next century. :
d to One of the key challenges in forging any cooperative agreement on climate
can ' change is the poor alignment between the burdens of reducing current CO,

ot ' _ emissions. which fall on a small group of nations. and the benefits of such
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actions, 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 -
Canada currently 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
currenty-developed nations diminish as one looks further into the future. The
most rapid growth in CO, emissions over the next century is projected to occur
in China, the former Soviet Union, and other developing nations. These are
the nations that bear the heaviest burdens of long-term slow-growth policies.
‘Some optimists argue that the problems of achieving coordinated interna-
tional action can be solved, and they point to the 1987 Montreal Protocol,
which established a timetable for Phasing out production of chlorofluorocar-
bons (CFCs), as a model of concerted: international environmental action,
Ninety-three nations signed the Montreal Protocol, which set targets for the
reduction of global CFC production. The lessons of this case therefore warrant
- some elaboration.! '
The Montreal Protocol specifies CFC Production targets based on a nation’s
1986 production of CFCs, with some allowance for production capacity under
contract but not yet operational in 1986. Developing nations are permitted to
expand their CFC use between 1986 and 1996, and to begin reduction after
1996. The Protocol also provides for transfers to less developed countries to
facilitate the adoption 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
‘expensive. alternatives to CFCs. The Protocol has no explicit enforcement '
mechanism, but experience since 1986 has been encouraging: global CFC
Production has declined faster than the Protocol targets. ' '
There are ‘several reasons why the CFC experience may not generalize to
other international environmental problems, such as global climate change.
- First, there was greater scientific consensus on the nature and the immediacy of
the “ozone problem” than on the link between greenhouse gas emissions and
global warming. A substantial body of research suggested that CFC emissions
were reducing 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. ’ L
~.  Second, CFCs are economically much less important than fossil fuels.
Chlorofluorocarbon consumption accounted for a trivial share of world GDp
prior to the Montreal accord, while fossil fuel consumption is a major economic
activity in many nations. Production of CFCs was concentrated among a small

'Benedick (1991) ‘provides a detiled summary of the political negotiations leading up to the
Montreal Accord.
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" set of multinational chemical companies who were also the natural suppliers of

CFC substitutes. Some have even suggested that some CFC producers supporied
a ban because they expected to exercise greater market power if current CFC
users were forced to switch to substitutes (UNEP, 1991). In contrast, there is
wide 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 of
the ozone hole, CFC emissions were linked with the rising incidence of skin
cancer cases. It was therefore possible to identify a near-term gain that could be
weighed against the cost of phasing out CFC production. In contrast, policies to
reduce greenhouse gases burden current generations for the benefit of future
generations. - '

Even though there were fewer obstacles to reaching international agree-
ment on CFCs than on greenhouse gas emissions, negotiations leading to the
Montreal Protocol took several years and frequently threatened to unravel. The
Protocol’s 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 CFCs. For example, 13
nations, including the United Kingdom and Poland, have not signed the 1985
Helsinki Protocol on sulfur oxides (acid rain) in Europe. Sulfur oxides are
economically more significant than CFCs, and the inter-country differences in
the net benefits of Protocol participation are larger than for CFCs. The failure

- of the Helsinki negotiations may therefore provide a better indication of the

prospect for a global warming accord than the success in Montreal. Recent
proposals for a carbon tax in the European Community, which are explicitly
conditioned on similar actions by other nations, also suggest that CO, reduc-
tion will be more difficult than CFC 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.? 1 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.

?Haugland, Lunde, and Roland (1992) describe the structure of carbon tax policies that have been
adopted in Scandinavian countries. Many of the institutional details have important effects on the
effects of these taxes. In Swedcn, for example, there is a cap on the share of a firm's sales that can
be collected: this effectively results in a zero marginal tax rate for many firms.
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Table 1
Alternative Taxes on Fossil Fuels

Coal ol - - Natural Gas

Unit of Measure : Ton Barrel 103 cu. fi.
Tons of Carbon/

Unit of Fuel ' 605 - 130 016
Carbon Emissions/ o

Billion BTUs .025 020 . 015
BTU Content ’ 24.2 6.5 ’ 1.07
Average Mine-Mouth .

or Wellhead Price, 1989 $23.02 $17.70 $1.78
$5/ton Carbon Tax: : :

Absolute Tax 3.17 . 0.65 0.08
Percentage of Price ' 13% _ 1% _ - 5%
BTU Tax: ' :

Percentage of Price 13% 5% - 1%

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

The Anafomy 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 CO, 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

1Grel:nhousc gas tax policy should not 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 Schmalensee (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 tax

instruments.
Tax rates dre sometimes specified per ton of carbon, and other times per ton of carbon dioxide
emitted. Since the atomic werghts of carbon and oxsen are 12 and 16 respectivedv. a ton o carbon

corresponds 10 3657 wans of CO L Fan rates can be weanslated aceordin s
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Table 2
lmplicit Carbon Taxes, Dollars / Ton of Carbon, G-7 Nations, 1988

Coal Oil &9 Onl Products Natural Gas
United States 0 . $65 0
Japan -17 130 . 2
Germany - 77 2 | 2 23
France 0 351 38
faly 0 : 317 © 80
- United Kingdom -46 297 0
Canada 0 . 108 0

Source: Hoeller and Coppel (1992).

of each fuel, set for coal at the same level as the $3/ton carbon tax. The BTU
tax places a higher relative burden on natural gas than on the other fuels.
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 content. '

It is difficult to translate Table 1 into practice for two reasons. First, fossil
fuel combustion creates many potential externalities other than global climate
change. In this case, the optimal taxes on various fossil fuels can differ from
those prescribed by a simple analysis of relative CO, output. Various studies,
described in Viscusi (1992), have evaluated the local air pollution and other
externalities associated with fossil fuel use. These studies generally suggest that
the negative externalities associated with coal combustion exceed those from
other fossil fuels, implying that the extra tax burden on coal should exceed that
on other fuels.

The 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 United
States, for example, the current tax rate on gasoline is just over 30 percent of
the producer price, while in Britain, Sweden, and other European nations the
tax rate often exceeds 60 percent of the producer price. Table 2 shows the
existing implicit taxes on each of the three major fossil fuels in the G-7 nations;
negative signs imply. that a fuel is subsidized. The table confirms the widely
known pattern that energy tax burdens in the United States are low relative to
those in other nations, but also shows the disparity of the net tax treatment of
coal across. industrial countries. Germany, Britain, and Japan all provide
subsidies to their coal industries. How should the carbon tax be combined with
pre-existing taxes? In the unlikely case where existing fossil fuel taxes have
been 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-
ity. then the carbon tax should be added 1o the existing tax. Failing this case. it

it Lt S B O vl e <
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is difficult 1o make strong statements about the combination of the carbop tax
and other levies, . '

Consumption-baseq tax places a much higher burden on oil-producing coun-
tries than 3 Production-baseq tax. A consumption-baseq Carbon tax thaq would

general €quilibrium Models, reflec; the loss i output that resyjs from higher

fossiTfuel Prices.® Further analysis with these models Suggests that these output

losses are sensitive to the Structure of re-existin taxes, on both fossil fuels and
_ p g

®Dean and Hoeller ( 1992) Survey long-run results from gjy Beneral equilibriym models, and
€mphasize the substantiz) difference in their resylys, Joskow's (1992) discussion of the resuls from
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por supply depends on the real after-tax wage measured in terms of con-

La : R
ince carbon taxes are indirect taxes, they reduce the real

sumer prices. S

7
after-tax wage. _
Enacting a carbon tax affects the government's budget as well as relative

prices. Because substantial tax increases are likely' to have comra‘ctionary
macroeconomic effects, some proposals call for coupling a carbon tax increase
with other tax cuts to generate a revenue-neutral policy. In European countries
that 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
States, 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 severat 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
awtenuated 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 tax 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 tax can gener-
ate an efficiency improvement. Simply demonstrating that raising the carbon
tax and reducing other onerous taxes would lead to an efficiency gain does not
imply that carbon taxes should be adopted. Rather, one must compare the
carbon tax policy with the set of all feasible policies that could reduce the
‘onerous taxes 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 taxes, and if there are no
other ways to enact changes in these other taxes, then it is appropriate to
consider how the funds are used in evaluating the net benefit from a carbon
tax. Absent a strong basis for linking enactment of a carbon tax to other
particular. tax changes, a plausible assumption is that carbon taxes would be
paired with a proportionate reduction in all existing revenue sources.

In addition to the uncertainty about how carbon tax revenue would be
used, which has an important effect on how the carbon tax 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-tax wage is (1 = t)w/p(l + 5), where w denotes the nominal wage, p the producer price
level, ¢ the marginal income tax rate, and s 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 (1 = £)/Q1 + 5),

the initial tax wedge.
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conclusive (Jorgenson and Wilcoxen, forthcoming 1993; Weyant, in this Jjour-
nal). The rate of productivity 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 taxes. 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 taxes 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 taxes in most

developed countries is that such taxes fall most heavily on low-income house-
holds. This regressivity argument has been a central component of opposition
to higher gasoline taxes in the United States. 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 taxes
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 régres-
sivity of such taxes. If tax burdens are analyzed relative to lifetime income, the
fossil fuel taxes 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 taxes. For example, many transfer programs are already
imdexed 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 taxes 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” policies. such as carbon taxes levied on all fossil fuels. In practice,
policies will inevitably be enacted with exemptions and other spectal provisions
that both reduce their power to limit greenhouse gas emissions, and magnih

T O T
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their adverse effect on the amount. of output lost per unit of emissions abate-
ment. The revealed preference of policy-makers in many countries for
com,.mmd.;md-comrol. rather than efficient, market-based pollution control
licies, underscores the potential divergence between actual and theoretical
licies. :
While mdst discussions of the economic effects of carbon taxes focus on
long-term output effects, a word should be added about the possible short-term
macroeconomic effects. Even a balanced-budget carbon.tax can have adverse
short-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
with a reduction in labor income tax rates. The carbon tax represents an
increase in the overall indirect tax 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 monetary authority does not accommodate the carbon
ax—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 tax 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 taxes in open economies. Most national-level
carbon tax 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 tariffs” under current GATT rules. ' '

Nations with unilateral carbon taxes might also choose to provide tax
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 taxes,

®Poterba, Rotemberg, and Summers (1986) suggest that a 3 percent of GNP 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 assumnptions about other

policy responses.
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" with the result that these taxes provide no marginal disincenﬂv_e for CO,
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 important role in determining the effects of such taxes on
individual nations. '

Less developed countries also differ from developed countries in their
current tax treatment of fossil fuels. While most industrial nations tax these
fuels, many LDCs currently subsidize the direct consumption of fossil fuels, and
the indirect consumption through electricity.. Table 3 presents suggestive 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 currently 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.’

9 Just as introducing new carbon taves would have adjustment costs, removing current subsidies
would result in economic dislo ation., Again, these could be minunized by gradual phasc-out.
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Table 3
Subsidies to Fossil Fuel Consumption
(measured by ratio of domestic to border price)

Country Coal (0] Natural Gas
China .84 48 40
Former USSR (1991) .50 49 . 35
Poland 31 17 : .50
India _ 86 .90 -
United Kingdom 90 _ — -
South Africa : .50 — —_
Czechoslovakia .40 ' .85 —
Mexico - ' .48 —

Source: Shah and Larsen (1991), Table El.

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 CO, emis-
sions (Shunker, Salles, and Rios-Velilla, 1992). Some forecasts call for rapid
increases in the rate of deforestation, particularly in Amazonia. in the early part
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of the next century. Most rain forest burning occurs as the forest is converted to

agricultural use by new settlers, so policies to slow this settlement are candj.

dates for reducing the level of greenhouse gas emissions. ' -
Before examining the role of taxes ;and other government policies that

tion creates greenhouse gases. Living forests are an important carbon sink:
photosynthesis draws CO, out of the atmosphere. Cutting tropical hardwoods

for furniture construction, and replacing the felled trees with new growth, .

parameters is an important research priority.
Finally, land tenure rules have important effects on the utilization of
tropical forests. One of the central problems in Amazonia, for example, where

Weak property rights discourage replanting of forest. The reform of lung
lenure rules in LDCs is a complex problem. and one that has many potengia
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effects other than those concerned with global climate change. Nevertheless,
this is a type of policy that could significantly 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 rediction, making appropriate correction’ for distributional
differences in the incidence of benefits-and costs. 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-entail substantial policy risk, and is best done (if ever) after experience

with more modest tax levels.

® [ am grateful to Lawrence Goulder, Ron Promboin, Carl Shapiro, Richard Stroup,

Timothy Taylor, and especially Richard Schmalensee for helpful comments. This research
was supported by the Institute for Policy Reform, the NSF, and the MIT Center for

Energy and Environmental Policy Research.
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October 17, 1996

Dr. Joseph Stiglitz

Chairman

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

Dear Joe:

Rumor has it that in addition to all your other responsibilities vou will be a major architect of the
administration’s analytic framework for climate change policy analysis (I first heard about this when |
testified before the Senate Energy and Resources Comumittee on September 17th in a hearing that
started with testimony by Under Secretary of State Tim Wirth). As you may know,

I 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 any input from me or anv
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 with Larry Lau today on some projects we are doing
together, and told him what was going on in the administration and he said he would also be willing 1o
serve as an external reviewer if that would be helpful (o vou. Unfortunately, T will not be in
Washington again until November 12-15, but hope to see vou at the discount rate workshop Paul
Portney and I have put together at RFF on the 14th and 15th of November (I was at a brunch with
Kenneth Arrow on Saturday and he convinced me he has vet another round of new ideas on that
subject).

Sincerely yours,

John 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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BIOGRAPHY: DALE W. JORGERSON

Dals W. Jorgenson is ecurrently Chairman of the Department of Economics
and Frederic Eaton Abbe Profassor of Economics at Harvard University. le has
been a Professor in the Depagtmdnt of Economics at Harvard since 1969 and
Director of the Program on Technology and Ecememic Policy at ths Kennedy
8chool of Goverrment aince 1984. Jorganson received his Ph.D. dbgrae in
aconomica from Haxvard in 1959 and his B.A. in economics from Read College in
Portland, Oregon, in 1955.

Jorgenson was slected to membership in the National Acadeny of Sciences
in 1978 and the American Academy of Arts and Sciences in 1969, He was electoed
to ba a Foreign Hember of the Royal Swedish Academy of Sciences in 1989. He
was elacted to Fellowship in the American Asaociation for the Advancement of
Science in 1982, the Amarican Statistical Association in 1965, and the
Econometric Soclety in 1964. He served as President of the Econometric
Society in 1987, Ha was awarded honorary doctoratesa by Uppsala Univarsity and
the University of Qslo in 1991.

Jorgenson raceived the prestiglous John Bates Clark Madal of the
American Economlc Aasociation in 1971, This Medal is awarded avary two years
to an economist under forty for excallence in economic research. The citacion

for thls awaxd reads in part;

Dale Jorgenaon has left his mark with gTeat distinction on pure sconumia
theory (with, for example, his work on tha growth of a dual aconamy) ;
and aqually on statistical mathod (with, for exampls. his developmant
of estimation methods for rationmal dlatributed lags). But he i3
prasninencly a mascer of tha territory batween economics and statiszica,
vhara both have to be applied to tha atudy of concrete problema. Htn
pralonged exploration of the determinants of investment spending,
vhatever ita ultimate lessons, will certainly long stand as one of che
finest examples in the marriage of theory and practice in economics.



00T, 01" 96 (TUE) 15:43 X
 10/0i/88 TUE 15:09 FAX 6174855870 ECONGMIC TEAM E

Jorgenson ix the author and co-author of mors than twe hundred
Journal articlea, contributiens to books, and books in sconomics, His mosc
Tacent books, POSTWAR U.S. ECONOMIC GROWTH and INTERNATIONAL COMPARISONS OF
ECONOMIC GROWTH, were published by The MIT Press in 1995, He i{s the Managing
Editor of the monograph series, CONTRIBUTIONS TO ECONOMIC ANALYSIS, published
by the Nerth-Holland Publishing Coopany f{n Amaterdam,

Prior to Jorgenson’s appointment at Harvard ha was Profegsor of
Economins at the University of Galifornia, Berkeley, whara he taught from 1959
to 1969. He has been Visiting Profassor of Economics at Stanford University

and the Hebrawv University of Jerusalem and Visiting Professor of Scatistics at

04
@ooa

Oxford Univeraity. He has also served as Ford Foundation Research Professor of

Economics at tha University of Chicage.

An important faature of Jorgenmson’'s research program has been
collaboration with students in econcmics at Berkeley and Harvard, mainly
through the suparvision of doctoral resesrch. Collaboration has often baan
an outgrowth of a student’s doctoral digsertation and has lead to subsaquent
Jolnt publications. Thirty-eight economists have collaborated with Jorgenson
on published research. Many of his former students ars now profeasors at
leading academic institutions in the United States and abroad.

Jorgenson was born in-Bozeman, Montana, in 1933 and attonded public
schools in Helena, Montana. Ha 15 married to Linda Ann Mabyg Jorgenaon,.who is
an attorney in Cambridge, Massachusetts, Professor and Mrs. Jorgenson reside
in Cambridge with their childran, Kari, age 20, and Erlc, age 22. Kari is a

atudent at Harvard Collage and Eric is a recent graduats of Duka Univarsity,
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El Cerrito, CA 94530
phoae: (510) 525 7530
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Dr. Florentin Kranse is the Director of the International Project for Sustainable Energy
Paths (IPSEP), a private energy policy research group located in El Cerrito, California. A
native of Germany, Mr. Krause received his Ph. D. from the University of California in
Berkeley and has been serving as a staff energy analyst at the Energy and Environment
Division of Lawrence Berkeley National Laboratory. In 1981, Dr. Krause co-authored
with Amory Lovins the first prevention-oriented energy policy book on global warming.
Subsequently, the Dutch government commissioned him to carry out a major bottom-up
analysis on the economics of mitigating carbon emissions in Western Europe. Heis the
lead author of a number of books on alternative energy futures and encrgy policies, and has
published many dozens of technical reports and papers in his field.  Several of his
publications have been translated into forcign languages including German, French, Italian,
Spanish, Russian, Polish, and Czech.

During 1994-1995, he served as a lead author of the scientific assessment report (Working
Group IIT) by the Intergovernmental Panel on Climate Change (IPCC) of the UN. In other
activities, he has written and testified on the economics and environmental implications of
alternative energy strategies and policy options for a number of national and international
organizations. They include the UN Intergovernmental Ne otiating Committee (INC), the
Organization for Economic Cooperation and Development ?OECD), the Commission of the
European Communities (CEC), the UN Economic Commission for Europe, the Joint
Economic Committee of the U.S. Senate, the National Association of Regulatory Utility
Commissioners NARUC), and the Special Commissions on Climate Change of the
German and Dutch parliaments.
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Philip E. Clapp is Executive Director of the Environmental Information Center, a non-profit
environmental advocacy organization established in 1994.

In 15 years as 2 Congressional staff member on environmental issues, as chief lobbyist for a large
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ABSTRACT

Conventional wisdom has it that top-down studies of mitigation costs are t0o pessimistic
while bottom-up studies are too optimistic. In examining mitigation cost studies for
Western Europe, this paper finds 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
optimal 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 studies 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 OECD 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 III 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:

— Arrange of no regrets options that are omitted not only in top-down
studies but also in bottom-up studies;
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— 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 regulatory 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

¢)  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
removal, 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.3

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);5 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 bottom-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 studies. Second, it fails to consider pertinent
theoretical research and empirical research on those cost factors that are taken 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, the 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.8

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 policy effect can greatly 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 tely on data derived from current market prices, which include the high first cost
premiums found under status quo conditions of limited market share.1® The use of
current market prices or implausibly high mark-ups in engineering-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. 12

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, voluntary 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.!3 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.!4

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.13 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:

Factors that create a bias toward optimism (i.e., underestimation of mitigation costs) are:

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.

Incomplete analysis of end-uses and sectors
Incomplete or dated analysis of technology and policy options

Neglect of demonstrated near-commercial and advanced
technologies

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

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

Energy Policy
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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!6 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 existing
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 IEA
(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/Risg 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 et al. 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.1?

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.1®8 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. 19

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.2!

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 FRG 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.24
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.26

Inconsistencies in "optimized" baselines
/4



European studies: p.12 Energy Policy

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 COx.

— 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
FRG 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.28 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 FRG Enquete
Commission and IPSEP studies included scenarios in which nuclear power was phased
out.2?

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.




European studies: p.15 Energy Policy

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. The
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 Bréchet (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 (footnote 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.3!

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 FRG 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 studies3? 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 Commission 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 (R1), 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.34 In this modeling work, a portion of tax
revenues was recycled through a fund for cost-effective energy efficiency improvements
and cogeneration investments.33

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.3¢ 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 significantly 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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1 In this paper, the term mitigation costs always refers to the net economic or welfare cost of reducing fossil carbon
emissions after considering various double dividends but before considering the benefit of avoided climate changes.

2 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.

3 Insucha context, subsidy removal and reform would be accompanied by the imposition of carbon/energy taxes.
These ensure that the removal 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 effects (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.

8 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 government-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 50 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 market
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, IPSEP, 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 improvements 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 Coberence/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.

27 See IPCC (1996), Chapter 9. The AEII coefficient is functionally identical to the coefficient of average energy
efficiency improvement (AEEI) referred to in top-down studies. However, the latter 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 studies 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 Coberence/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, WIFQ
1995).

32 The temn 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.

33 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 government
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.

34 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
efficiency 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-term 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

0 1 2 3 4a 4b 4c 4d 5 6 7a 7b
Energy and/or *NO REGRETS" OPTIONS Higher-cost/| Integrated assessment
carbon tax Price corrections Market transformation AccelR&D/| backstop | tax shifts + “no regrets"
incl. utility regulatory reform Commercial] technologies partial full
Lump-sum Tax shift | Subsidy Incorporation|Barriers to Other barriers |  End-use barriers Efficiency, | Efficiency, Options Options
orrevenue or mixed | removal of environm.| Market  cogeneration | energy fuel | low-carbon | low-carbon | 0-1 withany 0-1 withall |
raising recycling| /shifts externalities| entry & renewables | efficiency switchingl  supplies supplies of 4 and § of 2-6
Multi-country studies
Non-US OECD Yes - - - - - - - - (Yes) No No
EU multi-member studies Yes Yes (Yes) (Yes) (Yes) - - (Yes) No
National studies
Austria Yes Yes - - (Yes) (Yes) (Yes) (Yes) - - (Yes) No
Belgium Yes Yes - - - - No No
Denmark Yes Yes (Yes) (Yes) (Yes) (Yes) (Yes)
Fintand Yes - - - - - - - - - No No
France Yes Yes - - - - (Yes) - - - (Yes) No
FRG Yes Yes (Yes) - Yes Yes Yes (Yes) - Yes No
Italy Yes Yes - - - - - - - No No
Netherlands Yes Yes - - - - - - No No
Norway Yes Yes - (Yes) - - - - - - No No
Portugal Yes - - - - - - - - - No No
Spain Yes - - - - - - - - No No
Sweden Yes Yes - - - - - - - - No No
Switzerland Yes Yes - - - - - - - - No No
UK Yes Yes - - - - - - - - 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,

Sample of studies based on Grubb, et. al. (1993); IPCC (1996), ch. 9; and individual studies referenced in this paper.

end-uses, or sectors).
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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 tationof  of nuclear|{ 2010 2020 2030 lgdp base year baseline
in BAU DSE power?
baseline potentials % below base year %olyr Golyr %lyr
EU-5 Coherence/CEC F,G,INL, UK| 2010 109 <25% No 23 2.7% 1.3% 4.5%
Country-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%
Risg/UNEP Denmark 2030 L16 <045 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-fall” 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 2005 2020 Average
R @®2) [ R ®R2Y | R R2Y | RDH (R2
favorable| 13% 20% | 0.7% 09% | 03% 01% | 05% 0.7%
GDP
unfavorable| 0.9% 13% | 022 04% | 01% 01% | 02% 03%
favorable| 1.2% 1.9% 03% 0.5% 0.1% 0.1% 0.4% 0.5%
Private
consumption
unfavorable| -0.1% -0.1% | -10% -10% | -06% -05% | -0.7% -0.6%
favorable] 0.5% 0.7% 0.1% 07% | -01% 0.0% 02% 03%
Employment
unfavorable| 03% 05% | 01% 02% | 01% 02% | 02%2 03%

R1= 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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