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The Economics of Greenhouse Gas Emissions Abatement in China

Over the past two decades, China has experienced an impressive rate of economic growth. 
Between 1978 and 1997, the size of the economy increased from the 16th largest to the 7th 
largest in the world, per capita incomes increased by nearly 400%, and energy consumption grew 
112%. Like virtually all countries in the world, economic growth also resulted in the growth of 
greenhouse gas emissions, especially carbon dioxide.

Emissions of greenhouse gases from all countries pose a risk to the global climate. International 
efforts to address these risks in Rio in 1992 and Kyoto in 1997 recognize the need to abate 
greenhouse gas emissions while sustaining economic development. Specifically, the Kyoto 
Protocol calls for the design of markets that will facilitate the transfer of capital and technology 
to the countries where emissions can be abated at least cost. A country that can abate greenhouse 
gas emissions at lower cost than others has the opportunity to attract investment for climate- 
friendly technology that abates emissions and can then sell emissions credits or allowances to 
higher cost countries. Effectively, Kyoto provides the potential for low-cost abating countries to 
create an export industry - whose export products are emissions abatement - that could be 
financed through foreign direct investment.

What is the potential for a fast-growing economy such as China’s to create and benefit from such 
export industries? The economic literature indicates that China has the opportunity to abate more 
greenhouse gas emissions at a lower cost than any other country. Selling these abated emissions 
through the Kyoto mechanisms could attract billions of dollars of investment per year that would 
finance some technology leap-frogging in the energy generation and industrial production 
sectors. In addition, abating carbon dioxide, for example by improving combustion efficiency of 
coal power plants, would reduce emissions of local air pollutants that carry significant economic 
costs through lost worker days, additional health care expenses, and premature mortality. The 
potential is clearly available for China to be better off economically through the development of 
an emissions abatement export industry.

This paper provides an overview of this potential drawing from economic research on China 
conducted by academic, industry, and government analysts from around the world. First, the 
paper presents a description of the trade-oriented mechanisms in the Kyoto Protocol that will 
promote capital and technology flows for emissions abatement. Second, it reviews the extensive 
literature on the potential economic gains associated with participation in the Kyoto mechanisms. 
Finally, it describes the potential improvement in public health associated with abating emissions 
of local air pollutants that usually accompany carbon dioxide abatement.
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Opportunities to Participate in Kyoto Flexibility Mechanisms

The Kyoto Protocol establishes three mechanisms that, if designed and implemented efficiently, 
could provide the foundation for a global emissions market. Through international emissions 
trading (Article 17), joint implementation (Article 6), and the Clean Development Mechanism 
(Article 12), an emissions reduction would have economic value in the international emissions 
market.

Since greenhouse gas emissions have the same climatic consequences regardless of where they 
occur, the least-cost approach to addressing the risks of climate change would be to reduce 
emissions wherever such reductions are cheapest. This implies that emissions abatement has the 
economic property of a commodity, which facilitates the evolution of a market where entities 
that demand emissions abatement (e.g., those with high abatement costs) can funnel capital 
and/or technology to suppliers of abatement. In such a market, countries with low emissions 
abatement costs could take advantage of the opportunity to “produce” emissions abatement and 
to export these abated emissions, as certified emissions reductions or tradable allowances, at 
lower costs than other, higher-cost countries. Just as in the production of commodities, low-cost 
producers could attract foreign direct investment to finance their emissions abatement industry.

This potential evolution of an international emissions market reflects some of the experiences 
and lessons learned from the international trade in a variety of goods and services. The concept 
of gains from trade in emissions allowances is the same as it is for trade in goods and services. 
For example, Frankel (1999) notes that developing countries could “specialize in installing clean 
new-technology power-generation capacity, while industrialized countries specialize in 
producing the capital goods that go into those plants” (p. 4). Toman et al (1998) also note that 
“[tjhose countries which find themselves with lower abatement costs and more generous 
emission ceilings can generate a valuable commodity to export” (p. 3). Thus, developing 
countries would export emissions abatement, and use their export revenues to import, among 
other things, these new energy technologies.

The gains from trade in emissions allowances occur as a result of the large differences in 
marginal abatement costs across countries. Weyant and Hill (1999) note that “if the marginal 
cost in any country participating in a trading regime is higher than in any other participating 
country, it is advantageous to both countries for the higher cost country to buy emissions rights at 
a price that is between the two marginal costs” (p. xvii). However, before reviewing the 
estimated marginal costs across countries, it is important to understand how the Kyoto 
Mechanisms, specifically the Clean Development Mechanism and international emissions 
trading, could serve as the necessary foundation of an international emissions market.

A. The Clean Development Mechanism
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The Clean Development Mechanism was incorporated in the Kyoto Protocol to 1) promote 
sustainable development; 2) contribute to the Framework Convention’s climate objective; and 3) 
to assist Annex B parties in complying with their commitments (Toman et al 1998). The CDM 
allows for developed and developing countries to work together to design and implement 
projects in developing countries that abate greenhouse gas emissions. These projects must 
undergo a review process to certify that the emissions reductions are below what would have 
been otherwise. In addition, a portion of the proceeds from the project must be used for an 
adaptation fund for low-income countries especially vulnerable to climate change and for 
administrative costs of the CDM. Under the Buenos Aires Plan of Action, the rules for the Clean 
Development Mechanism are scheduled to be developed by the sixth Conference of the Parties.

In addition to firms in developed and developing countries working together to design and 
implement specific projects, some have suggested that governments could cooperate to design 
project “fast-track” processes (Chayes 1998). To reduce some of the transaction costs associated 
with participating in the CDM, two countries could design a fast-track process that makes the 
project approval process more transparent to the private sector and simplifies the rules for 
approval.

[Brazilian example?]

However, even these efforts to promote sustainable development by increasing the number of 
CDM projects probably would not compare to the likely volume of capital and technology flows 
expected for a country with an emissions target that is participating actively in international 
emissions trading. The CDM carries with it several transaction costs, such as project approval 
and certification, the adaptation charge, and a charge to cover administrative expenses that 
reduce the potential cost-effectiveness of this approach relative to a less-burdened trading 
system. It should also be noted that non-Annex I countries that adopt emissions targets could be 
able to participate as a host to CDM projects until the beginning of the commitment period, at 
which time, it would participate in international trading.

B. International Emissions Trading

Articles 3 and 17 of the Kyoto Protocol allow countries with binding targets to lower the cost of 
meeting their targets by participating in international emissions trading. These binding targets 
take the form of an “assigned amount” - the number of metric tons of greenhouse gases (counted 
in carbon dioxide equivalent) that may be emitted by sources within the country during the five- 
year commitment period running from 2008 through 2012. In emissions trading, one country 
transfers part of its assigned amount to another. This transfer of assigned amount lowers the 
number of tons of greenhouse gases that the first eountry may emit between 2008 and 2012, and
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raises the number of tons that the second country may emit by an equal amount. It is useful to 
think of each one-ton unit of assigned amount as a tradable allowance for one ton of emissions 
that may be transferred between countries.

Because the cost of controlling greenhouse gases differs by many times from country to country, 
emissions trading will allow substantial gains from trade in meeting the Kyoto targets. Countries 
that have relatively inexpensive ways to control greenhouse gases have incentives to reduce 
emissions by more than their targets require, because they can sell tradable allowances that they 
will not need to others. Countries facing the most expensive control measures have incentives to 
buy less costly allowances from others, and thereby increase the amount they may emit. Since 
greenhouse gases are global pollutants, the environmental impact of reducing them is the same 
no matter where the reductions take place. The same overall reduction is achieved, total costs are 
reduced, and both buyers and sellers gain from the savings allowed by trading.

A country that wants to increase the number of tons of greenhouse gases that it is allowed to emit 
would seek out other countries that are willing to sell some of their tradable allowances. Buying 
and selling countries could arrange their transactions directly or use brokers or exchanges. 
Because of the voluntary nature of trading, a selling country would engage in a trading 
transaction only if it makes that country better off.

In addition to trading at the governmental level, some countries (including the United States) 
plan to use both domestic and international emissions trading at the company level as part of 
their program to meet their Kyoto commitments. Companies and other legal entities subject to 
these domestic trading programs (integrated with the international trading system) would have 
strong incentives to look constantly for innovative ways to abate their greenhouse gas emissions. 
Those who found inexpensive opportunities to abate their emissions could sell the allowances 
they do not need to other companies or countries who face higher costs. Further, some 
companies that have climate-friendly technology may find it cost-effective to transfer this 
technology to facilities in a low-cost abatement country in return for tradable allowances. These 
tangible rewards for innovation should provide the incentive for research and development and 
subsequent technological breakthroughs (Petsonk et al 1998).

As stated above, the Kyoto Protocol stipulates that countries must have an emissions target to 
engage in international emissions trading. Since the Kyoto Conference, several non-Annex I 
countries have expressed an interest in emissions targets. Consistent with the Framework 
Convention on Climate Change, targets for non-Annex I countries should help promote their 
sustainable development. To do so, such targets should accommodate emissions growth. Unlike 
Annex B targets, which were set below most coimtries’ current emissions levels, such a target for 
non-Annex I countries would be set above current emissions levels. To contribute to the 
international effort to address climate change risks, it would also be desirable for such targets to
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result in real abatement in emissions below levels that would otherwise occur during the 
commitment period - that is, below the projected business as usual (BAU) emissions level. This 
kind of target, often referred to as an emissions growth target, would provide for continued 
economic development but with a lower emissions growth rate.

If developing countries were to agree to binding limits, even if they involved only small cuts 
below BAU in the first budget period, then such targets, with trading, would imply gains for their 
economies and gains for the environment. Figure 1 provides an illustration of an emissions 
growth target. Such a target could be expressed as some percentage of a base year, in a similar 
fashion to Annex B targets, but with a different base year and a percentage greater than 100% to 
account for emissions growth.

The term “business as usual emissions level” as used in this paper is synonymous with the term “reference 
emissions level.”
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Figure 1. Illustration of a Developing Country 
Growth Target

2000 2002 2004 2006 2008 2010 2012 2014

An emissions target could also take alternative forms. Some have expressed concerns about the 
uncertainty associated with BAU emissions projections (Baumert et al 1999). A country that 
takes on a commitment for the 2008-2012 period that is fixed now, faces the risk, for example, 
that its economy will grow more rapidly than expected, resulting in an inadvertently stringent 
target. Alternatively, a country’s economy could grow less rapidly than expected, resulting in an 
inadvertently lax target. There are, however, ways of designing targets to reduce uncertainty and 
mitigate these risks. In particular, targets could be indexed to future values of economic and 
other, possibly demographic, variables.

A target could, for example, be indexed to a country’s economic performance between now and 
the start of the 2008-2012 commitment period (Frankel 1999). This approach is used in the 
private sector, where contracts are frequently indexed. This approach is also used in the public
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sector (e.g., the U.S. government provides cost-of-living adjustments for social security 
recipients). A target could then be specified in a way that depends on the future values of 
economic variables, such as GDP. For example, Baumert et al (1999) have argued for a carbon- 
to-GDP intensity measure as an appropriate form of developing country commitment. Zhang 
(1999) also discussed a greenhouse gas emissions per unit GDP measure as the basis for a 
voluntary commitment by China around 2020.

Such targets would avoid the risk of inadvertent stringency associated with higher than projected 
economic growth between now and the beginning of the commitment period in 2008. Non- 
Annex I countries would face only the much smaller risk that emissions would be higher than 
expected, given the economic conditions realized in 2007. Similarly, such targets would also 
avoid the risk of inadvertent laxness associated with lower than expected economic growth 
between now and the start of the commitment period.

An indexed emissions growth target set slightly below the 2010 business as usual emissions level 
could result in economic gains from trade for all trading participants. Further, participation in 
international emissions trading could attract investment capital and facilitate the transfer of 
technology to a greater extent than would be anticipated under the CDM, and the investment in 
clean-energy technologies would help address the local air pollution problems. Finally, the 
indexed nature of the target would reduce the risk that a target could be too stringent or too lax 
due to unanticipated economic performance between now and the commitment period.
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II. Economic Gains from the Clean Development Mechanism and Emissions Trading

A variety of economic models have been developed throughout the world that can evaluate the 
potential economic gains from trade in emissions allowances. These economic tools effectively 
model trade in emissions as if they were any other internationally tradable commodity where 
both production costs and demand vary across countries. However, before reviewing the 
summary of model results for China, it may be useful to consider some relevant statistics 
regarding China’s projected energy trends. These data will facilitate an understanding of and 
provide some context for the model results presented below.

A. Illustrative Energy and Economic Statistics

China’s economy is expected to continue growing at a strong pace. The International Energy 
Agency (1998) projects China’s economy will grow 5.5% for the 1995-2020 period, while lEA 
projects OECD countries’ GDP to grow on average about 2% over this time period. The higher 
economic growth rate will likely result in a higher emissions growth rate. However, projected 
emissions in China are estimated to grow at a slower rate than GDP growth, consistent with the 
declining energy-to-GDP ratio trend of the past twenty years (lEA 1998, CCCC 1998).
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Figure 2. Growth in Carbon Dioxide Emissions, 
1990 to 2030 Projected under Business As Usual
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Emissions growth rates through 2010 across six different business as usual projections appear to 
be fairly similar (figure 2). The differences in projections also appear to be influenced by 
different economic growth rate assumptions. Indeed, energy-to-GDP projections by many of 
these analysts follow very similar trends of continued improvement. These forecasts illustrate 
that the recent decoupling of carbon emissions and economic growth will likely continue into the 
future.

Because of the higher growth rate, China has more opportunities than many OECD countries to 
reduce emissions relative to baseline projections by installing new carbon-efficient plants and 
adopting other new technologies. In contrast to retrofitting existing plants, new investment in 
carbon-efficient plants is a less costly approach to abate emissions.
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Figure 3. Cunulative Projected Worldwide Hectric Power 
Investments by Region, 199S'2010
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The faster economic growth expected in China implies a higher rate of investment than most 
OECD countries. For example, investments in electric power generation in China are projected 
to comprise nearly I/4 of total world generation investment between 1995 and 2010 (figure 3). 
Many of these Chinese investment projects are likely to increase total generation, while a larger 
share of OECD investments will likely replace existing power plants. Current Chinese coal 
plants are about 25 to 33% less efficient than developed countries’ coal plants (Fang et al 1998). 
Investing in power technologies with comparable efficiencies to developed countries’ plants 
could significantly reduce Chinese emissions per unit of electricity generated. Further, one out 
of every six dollars expected to be invested in transmission systems around the world will be 
spent in China through 2010. Improving transmission efficiency in China - where transmission 
losses are twice those found in developed countries and can range up to 30% (Ni and Nien 1998) 
- through these investments can further reduce emissions per unit of energy consumed.
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Differences in energy efficiency between China and developed countries also exist in various 
industrial sectors. Table 1 illustrates some of these differences in industrial production 
activities. As these industrial sectors in China evolve, new investment could be leveraged by the 
value derived from generating emissions abatement to install more advanced, more energy- 
efficient production technologies.

Table 1. Comparison of Physical Energy Efficiency in Industrial Production between China and 
Western Countries
Production Activity China Western Countries
Industrial Boiler 55-60% 75-80%
Industrial Furnaces 20-30% 50-60%
Thermal Electrical Power 25-30% 35-40%
Steel Industry 1.0 tce/ton of output 0.7 tce/ton of output
Synthetic Ammonia 2.1 tce/ton of output 1.15 tce/ton of output
Cement 0.2 tce/ton of output 0.13 tce/ton of output

Source: Fang et al 1998, p. 125.
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Rgure 4. Growth in Motor Vehicles per 1000 people, 1996 to 2020

Source: Energy Information Administration 1999

As per capita incomes continue to rise in China, the number of motor vehicles per capita is 
projected to increase much faster (figure 4). Between 1996 and 2010, motor vehicles per capita 
is projected to triple, and then double again by 2020 (EIA 1999). Since Chinese fuel intensity in 
highway transport is 25% higher than in developed countries, and domestic-made vehicles 
consume 30-40% more fuel than comparable import vehicles (Lin and Polenske 1998), this 
growth in vehicle usage could significantly increase emissions. However, this differential in fuel 
economy also illustrates another potential opportunity to improve energy efficiency as the 
transportation sector continues to expand.

B. Clean Development Mechanism

The Clean Development Mechanism can serve as a vehicle for transferring technology from 
developed countries to developing countries. In addition, CDM projects can provide investment 
opportunities for clean energy technologies developed within developing countries. CDM 
projects will attract investment from firms in developed countries if they generate a sufficient 
economic return, which includes the value of the certified emissions reductions. The 
technologies to be diffused through the CDM most likely will be focused in the energy sector.

China has many options for improving efficiency in the energy sector with the continued use of
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coal. For example, Atmospheric Fluidized Bed Technology achieves thermal efficiency rates of 
34-37% by combusting a circulating mixture of coal and gas. If an AFBT plant of X MW 
displaced a X MW Y coal-fired plant that was part of China’s base load, then X MMTC per year 
could be abated. Further, Integrated Gas Combustion Cycle (IGCC) is the state of the art in 
electricity generation from coal. IGCC employs coal gasification along with gas turbines to 
achieve efficiency rates of 38-45% with SO2 removal technology in place (Fang 1998). 
Desulfurization efficiency can reach levels as high as 99%, and the technology can reduce levels 
of NOx formation by 25% to 50% when compared to a traditional pulverized coal plant 
(Government of China 1996). An IGCC plant displacing the same Y coal-fired plant discussed 
above could abate X MMTC annually.

China has extensive potential for the development of wind power especially along the coastline 
and in the north. Large-scale wind projects could directly replace coal plants and can usually 
start generating electricity within a year of beginning construction. Two examples highlight the 
potential for wind power. One effort, begun in the 1980s to subsidize rural electrification in 
Inner Mongolia, has generated 140,000 small systems, employed 15,000 technicians, and 
fostered 42 Chinese enterprises engaged in wind power development. Another project imported 
medium scale turbines to create a wind farm in Dabancheng, Xinjiang. Overall, China has about 
30 MW of grid-connected wind power in operation (Fang 1998).

[Natural gas example]

In addition to technology investment opportunities in the energy sector, several technologies in 
industrial sectors could also have potential under the CDM. For example, the direct reduction 
technique for iron smelting could decrease energy use per unit of output. This process uses gas 
or liquid fuel and non-coking coal as a reducer to smelt iron. It achieves energy savings of 40- 
50% over blast furnace methods and can reduce carbon dioxide emissions by 50-60% per ton of 
steel produced (Government of China 1996).

To evaluate the economic potential of the CDM, several Dutch analysts modified their 
WorldScan model to account for some of the characteristics of the CDM (Bollen et al 1999). 
While the analysts did not include an adaptation or administrative charge, or costs associated 
with project review and certification, they designed the model so that it would mimic the efforts 
of private firms to cost-effectively invest in large energy projects. Thus, they analyzed CDM 
projects only in the form of investments that alter the input intensities of existing production 
capacity or replace existing capital. With this assumption, and assuming no trading among 
Annex I countries (thereby assuming higher demand for CDM credits than under an Annex I 
trading assumption), Bollen et al found that China could profitably abate approximately 150 
MMTC annually during the first commitment period through the CDM. The WorldScan model 
estimates that the price for the certified emission reduction would be $X/ton.
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Since a project-oriented approach, like the CDM, may not deliver least-cost abatement first like a 
tradable permit or tax system, some have argued that the CDM will deliver fewer tons of 
emissions abatement at a given price of carbon than a trading system (MacCracken et al 1999). 
Indeed, because of the complexity of the CDM, Manne and Richels (1999) assumed that a 
developing country would be able to generate only 15% the emissions abatement through the 
CDM that it would by adopting an emissions target set at 2010 business as usual and engaging in 
international emissions trading using their MERGES model. With this model, Manne and 
Richels estimate that Annex I trading plus CDM participation by all developing countries would 
result in a price of carbon of $97 per ton. At this price, China would find it economic to abate 16 
MMTC per year during the commitment period, generating revenues from the sale of certified 
emissions reductions of $1.5 billion annually.

C. International Emissions Trading

A variety of international energy-economic models have been used to evaluate the potential 
economic implications of the Kyoto Protocol. For example, the Stanford University Energy 
Modeling Forum coordinated a modeling comparison exercise involving 13 models developed by 
teams in Europe, the United States, Asia, and Australia. Further, the Organisation for Economic 
Cooperation and Development (OECD) hosted a workshop in 1998 where 9 modeling teams 
presented their assessments of the Kyoto Protocol.

These models assess the projected marginal cost of abating carbon dioxide across countries and 
then estimate the extent of buying and selling in an international emissions market until no 
further economic gains can be achieved through subsequent trades - i.e., they find the market 
clearing price for an emissions allowance. For estimating the marginal cost within a country, 
most of these models evaluate a country’s potential emissions abatement by assuming that such 
abatement occurs at least-cost. This effectively represents the effects of a domestic tradable 
permit system or a domestic emissions tax. In the case of China, emissions abatement is 
assessed in these models assuming that the incentive to abate is provided through an instrument 
comparable to the U.S. sulfur dioxide trading system, but where carbon dioxide is traded, or 
some of China’s pollution discharge fees (Panayotou 1998), but where carbon dioxide is taxed. 
Such a policy approach would provide the incentive to attract carbon-efficient technologies like 
those discussed in the CDM section above, but at a higher volume than would be expected under 
the CDM. These models provide estimates of marginal cost (e.g., price of one ton of carbon 
abatement), emissions abatement by country, capital transfers by country, and measures of total 
economic costs or benefits.

All estimates of carbon prices are in 1998 U.S. dollars per ton of carbon equivalent, unless specified otherwise.
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In scenarios involving non-Annex I countries, these models assume that developing countries 
adopt emissions targets set at 2010 business as usual emissions levels and participate in 
international trading. Figure 5 presents results from 12 models that participated in the Stanford 
University Energy Modeling Forum Kyoto Protocol exercise (EMF-16).

250
Figure 5. 2010 Carbon Dioxide Price Comparisons, EMF-16

200

c

I 150 -

100

kJh
<

<
U
u

□ Annex 1 Trading ^Global Trading

<
a.a,u

Q

§
pL,

Source: Weyant and Hill 1999

Q
umDu

5 u
? S3

roU
aa;uS

Ilf h _n

00

s
IX
O

uu2
2
a00

2
<
U
Q

O

While the price of a ton of carbon may vary across models, several common lessons can be
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drawn from these results. First, gains from trade, especially in expanding trading from Annex I 
countries to all countries, can be substantial. All the models found that marginal and total costs 
fell going from Annex I to global trading, because developing countries can undertake low-cost 
emissions abatement and sell their emissions abatement to OECD countries. Second, higher 
rates of economic growth in OECD countries increase demand for emissions allowances, while 
higher rates of economic growth in developing countries create more opportunities to substitute 
carbon-lean technology, and thus increase supply of low-cost emissions abatement. Third, 
countries with larger coal shares of total energy have more opportunities to abate emissions 
through energy efficiency and fuel switching than countries with smaller coal shares.

These model results provide illustrations of the possible characteristics of an international 
emissions market. What kind of role can China play in this emissions market? Analyses based 
on the EPPA model developed by researchers at the Massachusetts Institute of Technology 
indicate that China has the lowest marginal abatement cost of any country or region in the world 
(figure 6). To abate emissions to 10% below 2010 projected business as usual levels, Japan 
realizes marginal costs 16 times greater than China. The European Community would 
experience marginal costs more than 6 times greater than China, while the United States would 
witness marginal costs nearly 4 times greater. The relative differences in marginal costs increase 
as countries move from abatement of 10% below 2010 BAU to 20% below 2010 BAU. Further, 
no developing or transition economy countries have marginal costs lower than China’s marginal 
cost. Thus, in this international emissions market, China would be the lowest-cost producer of 
emissions abatement.
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Figure 6. 2010 Marginal Abatement Costs Across Countries in
MIT-EPPA Model
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In addition to having the lowest abatement cost to achieve a percentage abatement below 2010 
business as usual, as the largest non-Annex I economy, these modeling results illustrate the 
potential for China to be the largest producer of emissions abatement. Several of the EMF-16 
modeling analyses also confirm the potential for China to produce the largest quantity of 
emissions abatement.

For example, Ellerman et al (1998) have estimated the marginal abatement cost curve for China 
with the MIT-EPPA model presented above (figure 7). With this marginal abatement cost curve, 
or emissions abatement supply curve, one can estimate the number of tons abated in 2010 at a 
given price of carbon. In

Figure 7. China 2010 Marginal Abatement Cost Curve, MIT-EPPA

P = 0.0239Q + 0.00007Q’

2 10

Source Ellerman et al 1998

their assessment of global trading, they found that the market price for a ton of carbon would be 
$23.80 (1985$). At this price, China would find it economic to abate 436 MMTC in 2010. This 
estimate of emissions abatement is larger in absolute terms than the some other estimates (e.g., 
MacCracken et al 1999), but because Ellerman et al project a higher emissions growth rate for 
China, the projected abatement as a percentage of BAU is rather similar between these two
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models. If China had a target set at 2010 BAU, Ellerman et al estimate that it could sell $10.4 
billion per year in emissions allowances which would generate gains from trade of $6.2 billion 
per year on average during the first commitment period.

Figure 8. China 2010 Marginal 
Abatement Cost Curve, SGM
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MacCracken et al (1999) employed the Second Generation Model (SGM) to evaluate the 
international emissions market assuming global participation. The SGM includes a China 
module, developed in coordination with Chinese energy-economic experts. The marginal 
abatement cost curve for China has then been estimated with SGM model outputs (figure 8).
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They found that under global participation in the international emissions market, the price for a 
ton of carbon would be $26/ton (1992$), and China would find it profitable to abate 341 MMTC 
in 2010. With a target assumed to be set at 2010 business as usual, these 341 MMTC of 
abatement would be exported, generating revenue equal to 0.3% of GDP.

Van der Mensbrugghe (1998) conducted several analyses of the Kyoto Protocol with the 
OECD’s GREEN model. GREEN also includes a distinct China module. Van der Mensbrugghe 
found that under global trading, the international market price for a ton of carbon would be 
$19/ton (1985$). At this price, China would find it profitable to abate 228 MMTC. China would 
be able to sell $4.3 billion in allowances under a 2010 BAU target. In this analysis. Van der 
Mensbrugghe assumed that China provided the incentive for in-country abatement through a 
carbon tax, revenues of which would comprise 1.4% of GDP. Moreover, by participating in the 
international emissions market, he found that China’s GDP would increase 0.4% above 2010 
BAU.

In addition to the CDM analysis noted above, Manne and Richels (1999) evaluated two other 
international emissions market scenarios involving China. The researchers found that under 
global trading, the international market price for a ton of carbon would be $67/ton (19XX$). At 
this price, China would find it profitable to abate 109 MMTC annually during the first 
commitment period. China would be able to sell $7.3 billion in allowances under a 2010 BAU 
target. Further, assuming that Annex I countries and China participate in a trading system, the 
carbon price is estimated to be $80 per ton. China would find it economic to abate 131 MMTC at 
this price generating sales revenues of $10.5 billion annually.

In addition to the international economic models used in the EMF-I6 exercise, some China 
specific assessments of abatement potential have been conducted. While these studies cannot 
explicitly illustrate the potential role of China in an international emissions market, they have the 
benefit of evaluating the Chinese economy in greater detail, and can provide additional insights 
about the abatement potential in China.

For example, Garbaccio et al (1999) completed a recent evaluation of a carbon tax on the 
Chinese economy. Such a tax could mirror other emissions and pollutant eharges in China. 
Garbaccio et al designed a 29-sector computable general equilibrium model based on China’s 
1992 input-output (I-O) tables. They estimated three streams of carbon taxes necessary to abate 
emissions 5%, 10%, and 15% below business as usual over a 40-year period. Revenues from the 
carbon tax were recycled to the economy by proportional reductions in labor and capital taxes, 
although given the higher rates of taxation on capital than labor, this recycling promotes higher 
rates of investment. While GDP falls below projected business as usual in the first year of these 
three simulations, the investment induced by revenue recycling results in GDP growth above 
BAU after the first year in all scenarios. In this model, China’s emissions could be abated by
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15% below business as usual at a cost less than $10 per ton, which is well below the estimated 
Annex I trading carbon prices in the EMF-16 model results. This analysis indicates that China 
can substantially reduce its greenhouse gas emissions while maintaining or even increasing its 
rate of economic growth. Participating in emissions trading and exporting emissions allowances 
would further increase economic benefits and bring in additional capital that could also 
contribute to economic growth.

While not an explicit modeling exercise, the China Climate Change Country Study (CCCC 1998) 
did evaluate several scenarios for emissions mitigation. The authors found that in its “policy” 
case, emissions could be abated over the next 3 decades such that 2030 “policy” emissions were 
30% below 2030 business as usual emissions levels. Without accounting for any potential gains 
from exporting this emissions abatement, the authors found that this mitigation would not reduce 
economic output from the projected level.

Table 2 summarizes the key findings in the economic-energy modeling literature on the potential 
economic gains for China in participating in international emissions trading. These results 
assume that China has an emissions target for the first commitment period set at 2010 business as 
usual.

Table 2. Potential Economic Effects of Chinese Participation in International Emissions Trading
Model Price of 

Carbon
Emissions 
Abatement 
(% below BAU)

Value of Sales of Emissions 
Allowances 2008-2012

EPPA (Ellerman et al) $24/ton
(85$)

24% $10.4 billion/year

SGM (MacCracken et al) $26/ton
(92$)

24% $8.9 billion/year

GREEN (van der 
Mensbrugghe)

$ 19/ton 
(85$)

15% $4.3 billion/year

MERGE3 (Manne and 
Richels)

$67/ton
(xx$)

8% $7.3 billion/year

III. Local Air Quality Benefits from Abating Greenhouse Gas Emissions

The same combustion processes that emit carbon dioxide and other greenhouse gases also 
generate numerous local air pollutants like sulfur dioxide and particulate matter. In its Report on 
the State of the Environment in China, the State Environmental Protection Administration noted 
that “atmospheric pollution results mainly from coal-burning” (SEPA 1998, p. 8). This is true 
for both global and local pollutants. By reducing carbon emissions through the use of coal
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substitutes and the adoption of more efficient coal combustion methods, China can 
simultaneously abate greenhouse gases and improve local air quality.

"E
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Figure 9. 1994 Daily Average SOj Emissions

Major Cities

WHO Recomnended Level is 50 micrograms per cubic meter

A. Local Air Quality

Local air quality is the most immediate environmental threat facing China. As figures 9 and 10 
show a number of China’s cities regularly encounter more than 2 to 3 times the World Health 
Organization’s recommendations for levels of sulfur dioxide (SO2) and nitrogen dioxide (NO2).

In recent years, the level of pollutants has stabilized due primarily to two countervailing effects 
(Florig 1997). First, more efficient power generation technology and the use of pollution control 
devices have reduced emissions from industrial sites. Second, household pollution, primarily a 
result of cooking and heating with coal, increased substantially, leaving the total pollution levels 
constant. Estimates from the World Bank (1997), however, show particulate emissions 
increasing 39% and household smoke increasing 90% between 1995 and 2020.
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Figure 10.1994 Daily Average NQ Emissions

Major Gties

W HO Recommended Level for NOj is 40 micrograms per cubic meler

B. Costs of Local Air Pollution

A number of studies have analyzed the relationship between current high levels of local air 
pollutants and health problems. Xu Zhaoyi and associates at the Liaoning Public Health and 
Anti-Epidemic Station estimated that indoor and outdoor pollution cause 60% of urban chronic 
obstructive pulmonary disease cases (Florig 1997). Research by Xu Xiping at the Harvard 
School of Public Health and his colleagues found that a one-percent increase in SO2 and total 
suspended particulates (TSP) levels increased the number of non-surgical visits by 20% and 
17%, respectively (Xu et al 1995a; Xu et al 1995b). Xu Zhaoyi and Xu Xiping have also 
estimated the effects of pollution on mortality rates in Shenyang and Beijing respectively (Xu 
1998). In Beijing, a doubling of SO2 levels increased the mortality rate by 11% while in
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Shenyang, mortality increased by 2% for each 100 g/m^ of SO2 and by 1% for each 100 g/m^ for 
TSP. The World Bank (1997) estimates that the economic costs from lost work hours, hospital 
and emergency room visits, and chronic bronchitis at $20 billion per year in China.

Researchers have also documented the effects of pollution on children. Liu Yulin of the Institute 
of Pediatrics in Beijing found that children’s chances of contracting pneumonia doubled if they 
lived in a home with coal stoves or adults who smoked. He Qingci of the Wuhan Environmental 
Protection Institute showed that children from Wuhan’s urban areas had lung capacities 5% 
smaller than children from the suburbs where outdoor TSP levels are 50% lower (110 g/m^ vs. 
251 g/m^). Finally, Xu Zhaoyi found “up to four times more rhinitis, pharyngitis, and tonsillitis 
[inflammation of the nasal mucous membrane, pharynx, and tonsils, respectively] among 
children living in areas of heavier outdoor pollution” (Florig 1997).

While these estimates demand consideration, they should be used with caution. This area of 
epidemiology has a relatively short history compared with other disciplines. As a result, many of 
the studies ignore the effects of pollution levels over time and may not adequately control for the 
presence of covariates that could magnify or diminish the estimated effects of pollution levels on 
public health. This criticism withstanding, the Working Group on Public Health and Fossil-Fuel 
Combustion (1997) estimates the number of potential lives that could be saved from particulate 
matter (PM) alone through a 10% reduction from business as usual over the 2000 to 2020 period. 
The authors project that 1.5 million premature deaths could be avoided in Centrally Plarmed 
Asia. Since the study assumes an immediate reduction in the mortality rate after a reduction in 
PM concentrations, the actual number of premature deaths avoided may extend beyond 2020. 
Additionally, the study does not account for other causes of death, which brings into question the 
actual number of life-years these statistical lives represent. By assuming PM distributions 
similar to the United States, however, the authors underestimate the number of deaths because of 
China’s higher use of coal and residential reliance on coal and biomass stoves.

In addition to public health effects, local air pollution adversely impacts agricultural and 
silvicultural production activities. The World Bank (1997) estimates that the share of farming 
and forestry output damaged by sulfur deposition is more than 5% of total economic output in 
these industries in several provinces. This damage affects commodities representing a value of 
more than $4 billion annually in the Chinese economy.

C. Options for Carbon Dioxide Abatement and Local Air Quality Improvement

The future increases in pollution levels reflect the growth of numerous small pollution sources, 
including new power plants, household heating sources, and automobiles. China has set a goal

Centrally Planned Asia includes China, Laos, North Korea, and Vietnam.
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of 95% electrification by the year 2000, and to that end, electricity capacity has increased by 
200% between 1980 and 1994. Because Chinese generators tend to be small, to run for long life 
spans, and to have low efficiency levels, significant potential exists both to improve ambient air 
quality and to generate credits for carbon abatement under an emissions target. Even relatively 
simple policies such as washing and screening coal could both improve air quality and generate 
more efficient power, reducing levels of carbon emissions (Murray and Rogers 1998).

Similarly, to reduce congestion on public transportation and to improve commercial service, 
China has begun encouraging the use of automobiles. Between 1983 and 1990, the automobile 
stock increased from 1.8 million to 8.2 million and road transportation volume increased at an 
average annual rate of 13.5% for both passengers and freight while rail volume only increased 
7.7% and 5.6% for passengers and freight, respectively (Lin and Polenske 1998). China’s 
emissions standards and automotive technology are similar to those of the west in the 1970’s; 
compared to foreign vehicles, Chinese vehicles emit “2.5 to 7.5 times more hydrocarbons, 2 to 7 
time more nitrous oxides, and 6 to 12 times more carbon monoxide” (World Resources Institute 
1998). These trends also offer substantial opportunities for simultaneous reductions in local air 
pollutants and carbon dioxide emissions through improved highway infrastructure and the use of 
more recent automotive technology.

Finally, most Chinese residents rely on coal and biomass stoves for cooking and heating. These 
also constitute the main sources of indoor air pollution. If other energy options develop such as 
natural gas or electricity, then the adoption of gas furnaces or electric appliances would provide 
an obvious route to reducing pollution levels. Absent these developments, however, options still 
exist. China’s cities, for example, are very dense. This may allow a more centralized control of 
pollution emissions through large scale heating systems that service multiple housing units (Fang 
etal 1998).
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Introduction and Summary of Findings ,v ; > ^

As part of the effort to address the problem of Global Climate Change, the advocated “growth targets” for emissions of gr^nhouse gases (GHG) by developi^jitt^||||^||^ 

few of these countries are considering the possibility of adopting such targets, and)n|^^^i^ 
a^istance in how to formulate them. This policy brief presents some basic principles fb^ideitern^^ 

what would constitute appropriate growth targets and discusses several proposals.

Environmentaf benefits
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• ; i;, T^gets c^ rpsultiih econoniic gains from trade for all sides, if they are not too stringent.

• Economic benefits to developing countries:' With targets at busines as usual 
^Ali), d^ycipping countries! would enjoy net gains of billions of doUars through the 
iritemitidh^lsaibofrenussibriipductions achieved at costs below the^i0il^cle;At: yy; y

• Cost savihgsi to the tJiS;: Piarticipation by developing countries in ihtemationalj < 
permit markets would greatly lower the costs of meeting its Kyoto target, as analysis
by the Council of Economic Advisers has shown. It is estimated that effective trading 
with developing countries would lower U.S. costs more than 80 percent (as compared 
to 57 percent savings from trading among Annex I countries alone).
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allocation on a percapiia''.b4is:-It/i^|i|^ip|ii|^(P||i^^lp^
President has said that he will not submit>the:tirea^/fi^;S'ert^O:rtdificati6n;untirth(ii^ii5i!!;  ̂
commitment to meaningful participation by key deye)bpin^bounW first budget period:
(2008-2012). But I would phrase the re^nsdiflE^j!rti|^;t^^ the€on^i^Sii'?ii^|lflll;v'^^^ ■

There are several reasons why meaningful partiGij[)atipn from developing cpuntri 
essential. Vv^:'^

First, a global problem requires a global solufioh The piroblem is inherently one on which 
an individual countries can make little progress on itsr^own, It can be thought of as an 
“international externality,” “the tragedy of the commons,” “free-riding,” or “global public 
goods.” Whatever you call the problem, a solution requires that all countries agree to 
participate together.

The efifort to address climate change will not succeed without cooperation by the



dey^loi>iitig,cibti^h^^^^ their emissions are the fastest-growing, and will surpass
tK6$^i^m{tiid;i^i^iWjMized countries early in the century if eveiyone proce<^;W!Cord^ 
to husin^^w;i^i^y: The crossover is projected to occur by 2010, accordingt<^;j||>|y((}y^^^^. ^ 
International Energy Outlook 1999 released bv the U.S. Energy Information AttOhfeyl . C 
is expected to surpass the United States as the Ivgest single emitter by aroupd 2020. 
Without the ptrticipation of developing economies, emissions reductions ;
industrialized countries will tiherefiaire not go ^ in averting from climate ; V B

. .If devdi^ingi^rtHes di);irat5i^cipiite'in tfe iiiternafloW:regiine; theif 
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Finally, paitjcipatiph by developing countries is crucial because it would permit relatively 
low-cpst reductions in enussions there to be substituted in place of some high-cost

......................................................................................makes sense, from both an etiyirbnmental and an economic perspective, to mCbr^fate' i, 
emissions reductions in developing countries into the international system.

What about “competitiveness”? One of the difficulties in analyzing concerns related to 
competitiveness is that the term itself is used to mean many different things. I have seen at least 
one study that uses “loss of competitiveness” to refer to predictions of negative effects on the 
aggregate trade balance. As a professional economist, I do not accept the logic upon which that 
particular argument is predicated. The aggregate trade balance is determined by macroeconomic 
forces “ the difference between saving and investment^ — and not by our environmental policies.

If competitiveness refers to adverse effects on a few specific manufacturing industries — 
those that are especially energy-intensive, such as aluminum, paper, and chemicals -- it is easier to 
see the possibility of negative effects. It is difficult to undergo a significant structural change in



the effect of expanding some sectors and contracting others. But to
provide issue, we need to consider the following facts. Firs]^
average, energy,constitutes 6^^ 2.2 percent of total costs to U.S. industry. Second,' eiiel^. pnw^^ 
already differ significantly between the U.S. and countries such as Venezuela, and yet U.J^i! v 
industry is not generally fleeing to Venezuela. Third, approximately two-thirds of all en^;$s|ptjis^^e 

not in manufacturing-at'all, but in transportation and buildings. ■
. .'V-:U;In.stort, IWeyeitjiipre^rateto.s^,thatiwen^deyelopiiigcount®B|||j!|iftfeis^^ 

for the reasons I outlined above — projected emission paths, the global nature of the pul^ltgj^bodj^^^ 
leakage, and cost-minimization — than to say that we need it to avoid adverse effects]^i'ivH^^’;''C 

competitiveness.

The viewpomt from the Sout^

.S'fii*
(lb) This pbj^tiy^e uicludes, in addition to rising niark^-measured incomes, also 

beginning to control local air tuid water pollution. Such pollution already is visible and is taking a 
large toll on health. Controlling local pollution therefore must take precedence over controlling 
greenhouse jgaises, which are not visible and which may not have serious health effects until a 

V;.. century into the future.

■'■y': -' *:‘Seicoridiitbe-devi^bpmgpp^ Pot be required to take 'any
economic sacrifice until the industrialized countries have done so. There are
for this:

(2a) the industrialized countries created the problem, and

(2b) they are richer and can more readily afford to make sacrifices.

It is hard to disagree with these arguments. But I do not believe that the Clinton 
Administration is asking poor countries to forego their economic development. “Meaningful 
participation during the period 2008-2012” need not entail economic sacrifice by developing 
countries. This argument is not based on diplomatic or political “happy talk”, but on sound 
economic logic, as we shall see.



The gallic A^om tradt' f

I will concentrate on the possibility that developing country participation woul!d!^e|h^;j ^; 
form of commitment to a quantitative growth target, with international trading. If devdpping; X 
countries were to join the system of targets-with-trading, it would not only have enyq;o^ep|^ 
and economic advantages for the rest of the world; it would also have important !ef^i(ii|(^^
^d economic advantages for the developing countries themselves. For the sake o|f

■ I •

trading system. ■ ^

The first thing to notice is that this system is not going to hurt the developing countries.
They have the right in this budget period to emit whatever amount they would have emitted 
anyway. They need not undertake emission reductions unless a foreign government or foreign

B^M^Mrtipia>j*^etMaga;period;tp:|)ena^e thj^
-it'Wuld'get expensive for.the-.Um«xl ;^e 

Eurppe;^jjii)i|||^^|t(^^ 1990 levels over the next ten-to-fburteen years if
the re(dactipi(i's' ^ because this is a short span of time in which to achieve
such a major structural chahg^^ in the US economy. But the cost of reductions is far lower in 
developing countries. Thus governments and corporations in industriafized countries will be able 
to ofier terms that make emission reductions economically attractive to developing countries.
The economic theory behind the gains fi-om trading emission rights is analogous to the economic 
theory behind the gains froin trading commodities. By doing what they do most cheaply, both 
sides win. In Ricardo’s classic trade example, Portugd specialize iri producinglal spW^ in producing '

, developing countries^speOfcjgito«^j||^^England in producing textiles. In the current context, developing countries 
example, in installing clean new-technology power-generation capacity, while 

countries specialize in producing the capital goods that go into those plants. '
.. V-' -,

Why is it so much cheaper to make reductions in developing countries than in rich 
countries? One major reason is that, in industrialized countries, one would have to scrap coal- 
fired power plants far in advance of their 40-year useful life, in order to replace them vnth natural 
gas facilities or other cleaner technologies. This would be very expensive to do, because it would 
mean wasting a huge existing capital stock. In rapidly-growing developing countries, on the other 
hand, it is more a matter of choosing to build cleaner power-generating plants to begin with, 
instead of building coal-fired plants. In general, when contemplating large increases in future 
demand for energy, it is good to be able to plan ahead. This includes learning from the mistakes 
of others that have gone before, and taking advantage of their technological advances.

The gains from trade can be made more concrete with some estimated magnitudes. The 
Council of Economic Advisers has estimated - using the Second Generation Model (SGM) of
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An extrenie Sample of how measures to reduce carbon emissions have Io^p|^ !iii|S^',; 
developing countries is the case of subsidies to fossil foels, especially ,coal, whicK i^||blj||^|p 
carbon-polluting form of foel.,'Eliminating such subsidies would 'create substanti^ii|ult|iitj|^^ 

benefits - fiscal, economic, and environmental ~ even before counting any benefits 
climate change agi^<(meht. Co^ supplies the meyority of energy in China, for exaiiij|fe^;' 
reason for the heavy use of coal is that it has historically been hea\dly subsidized. Estim^es are 

that coal subsidies outside the OECD totaled fi-om $37 to $51 billion worth in 1991-92. Total 
fossil fuel subsidies have been much greater - well over $200 billion m the early 1990s^ tlipugh

is needed Subsidy cuts within a taiget-and-
trade systerh w6ii|Id)pa^ :d^veidpihg-couhtry governments twice over — once in the form of the 
money that is saV^ by eliminating wasteful expenditure, and then again in the form of the money 

that is paid by an Annex I country for-the resulting emission reductions ]

Summaiy dfEen^ts of
'7: '

To summariz

W'.-iTl-i

.......................

m m

* Emissions abated would be roughly 19% of Mexico’s BAU. India is estimated to abate about 18% of BAU. 
China abates about 20 % of BAU. The worldwide price of emission permits falls by half, relative to trading among 
Annex I countries alone The estimated gain in each case is the area under the marginal cost of abatement curve.

^ 76% of cotiunercial traded fuels, including nuclear and hydro. The figures are 57 % in India and 36% in 
Africa. Other statistics are givra in a March 1997 World Bank study.
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. : . l»SIill|i^^BIf developing cbuntri^s
level be determined? A reasonable 'riumb^^Mftheli^U^pi^ tq'propO!^;:|W^^
BAU targets. As noted, targets at that l^vel tittve ehvuxinitiejntkllwd economic beniSSmiro^;;^''^ 

everyone involved. But the Annex I icppnt^bsJ^ii^!e!|i^j^iu^|t;h|^ eny^ ;!
there, will respond by demanding taints that^ repi^sen|cuistn enTU^iQns; :bel6W t^
Such a demand could also be viewed as reiasSih^lei uhi(6ss th^^ so large as to
inflict economic damage. A lower bound to what could Isdnsib^b^ is \ytiat I will call the
indifference level. Anything above BAU will ipot he^^^m^ Annex I countries, while 

anything below the indifference level will not newssanly beriefit the others. Clearly the aim 
should be to fall somewhere in this range. For either side to propose a point outside the range 
would be equivalent to a rug-merchant in the bazaar dslang k price higher than the customer can 
get the same rug for back home, or else equivlant to the; customer asking a price lower than the 
cost to the merchant.
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with the magn^de
ofthe reduction^ ti^in^^puithejui^ard If the equilibrium worid price is
$5p a ton,; , then it paiyls this;bpun^^ by aboiit 34 Ml^CE and sell all of this at
a profit; ^I^e l^t inetnp^ tp ab^^ the $50 that the permit fetchbs on tiie

It m^;ndt;be coh$i(l^rpd;i‘basPnable'fbr'^ the^e gaihs'to go to the devdp|j|j|<^p^ ■
requirement that the country must reduce emissions a certain amount befw^^iimitl^^ ., -
money by selling permits would balance the gains from trade more evenly.
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target*
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Chinese
Emissions
Reductions
(MMTC)

Chinese
Emissions
Salas
(MMTC)"

Chinese 
Gains from 
Trade (bil­
lions 97$)

US.Cost*ale^
to China BAttf? ;; !
Target

BAU $26/ton 276 276 $3.6 b not applicable
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I . rTnyr TTi# question of the distribution of targets seems inherently
approach that incorporates the principle of progressi^t^^^e , / , 

avoiding the impi^icf^ fi^^ extremes proposed by some representatives of ;j;
countries. ^'f' ^

Uncertainty about target stringency, and a proposed solution
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uncertainty. Forecasts of GDP among East Asian countries, for example, are alreal^^ei^j;. 
different now “ - “ ’ “

Hi
IM

temperature in the formula.^

The simple version of the indexation pjr^posal is as follows:

There is also a more general case: ,J|c
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This example illustrates a possible approach to fesmoN^g some of the economic 
uncertainty from the commitment of adopting a quantitative target Another possible idea, 
suitable for any country willing to implement via a Carbon tax or tradeable permit system would 
be an “escape clause” or “safety valve,” which eases the quantitative limit when the price of 
carbon threatens to rise above a pre-agreed threshhold.; Such approaches to the uncertainty
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|L (Manne and Richels)

MRT
(Charles River Assoc, s) 01®(Shackleton et al)
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rrcE^ 55 MMTGE

'i'Uint
Sfh^e^^a th(6^

'the jiropei^shki^ prbhaBiyithe classic “hwsfer
'■^■■■^- bebuyingpermits.from

oth^'(^hwj|||P|ei||^i^hth^ godhs and seiSdces would be positive. (The effect
on bro^erimeksuires^d^^^^^ of payinents could well be negative.)

.•;'uV

3 . These analyses assume that no other non-Annex I countries participate in international 
ernissions trading or the; GDM. If other non-Annex I countries did participate in either flexibility 

; niechainsm, the woHd tradini^ price, cduld be lowers resulting in lower gains from trade and a less

SilgilteiBg:
4. A small reduction belowBAU has no real effect on the Annex I trading price, ahdjthdS;np' V i; ;^ ; 
economic effects on the U.S. However, as the target becomes more stringent the traidihg price 
increases, resulting in higher total costs of compliance for the U.S.

6.The rich countries are afraid of mentioning population, for fear of giving a platform to the 
utterly unrealistic proposal to give equal per capita emission rights to all countries. Nevertheless, 
some less extreme version of including a role for population seems fair. (One possibility is equal 
weight on three variables; shares of global population, shares of output, and shares of pre-Kyoto 
emission levels.) The argument for including the temperature over the coming decade is not that 
it will contain much scientific information regarding the true magnitude of the climate change 
problem — weather fluctuations are far too noisy for that — but rather that it will contain 
information regarding the political willingness of people to pay the costs of more stringent targets.

Qs^
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Growth Targt^ for GHG Emissions from Developing Countries: 

Introduction and Summary of Findings

The United States has advocated emissions growth targets for non-Annex I countries/! Asthiese;t j'; 
countries consider the possibility of adopting such targets, several have solicited as^ast)^^ : V
United States. The tasks of providing technical assistance to these countries and 
international community to develop an understanding of what constitutes “appropii^e ^ht^AIjr^^
I taigets” require a further refinement of the US position on developing country growtlt 
paper presents some basic principles for growth targets and discusses severd proposals.

Principles Recognizing the interests of developing countries, the United States
infor^t, and| the Monomic and environmental impacts of emissions targets, there are three

• With continued economic development; and

• Targets ishouldl be of a form that allows developing countries to participate in 
international emissions trading, to reduce the economic costs of attaining given targets.

Findings While there is a general consensus on these basic principles, a further
elaboration on some of the key issues involving these principles can help facilitate the effort toward 
a position on the form, magnitude, and timing of a developing country growth target. In feyiew^g 
existing data, ongoing reseafoh, and in conducting our own analyses, we have foundjij^iji^^^^

• Growth targets even as high as BAU can yield significant reductions in global eihissibns by/ 
forestalling the leakage that would otherwise occur.
Targets can result in economic gains from trade for all sides, if they are not too stringent.

('i tapproaches to index targets to incorhe gro^h beiwe^^^ the commitment period
have some advantages over carbon efficiency target approaches.
CO2 is the dominant greenhouse gas in developing countries (from fossil fuels and land-use). 
Measurement of other gases might be too difficult to justify their inclusion.
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Guide to iHonteiits
■ ■ ■. ■■■: ■

(I) Benefits of Targets-and-Trade A sdheme in which non-Ann(^:l'^i|^cl^)^
invited to adopt binding emission taigets in the generd y|c^t;y of theft BA^ pa^, and ■^fen 
emission permits internationally, is a scheme ihat;h^)i^ai)p^pnti^/econo 
benefits, not just for Annex I countries, but for ■the'deyei^itg;it»untries‘a^
genumeiraOTtivetojoin, which would vSliSMSlliSll!!fi®

couhg^lilpi;
tioiis r^rtve,td,iBAUj,a(idi^ benefit.
. iirkfalrAlvf f/S tl’/v r^/\tl«/ArCAK/ larAA fnV»t*ACiOAC < .

(n) What Should Determine Desired Targets? Non-Aniiex I cpimtries :
on targets that nuke some small reductions reltdiye to BAtJj -a^ But ia^,<^^|^
render them worse off, and therefore unlikely to a^ee to participate. Conversely, large micfe^es ' 
relative to BAU are unlikely to be acceptable to the A^ex I c^^ We explore the range of 

targets that the developing countries coulid be expec^ to fake bn. A; rea^ is their

_---------- ________ CforeaUlling

iiipwiiis
parhCip

An alternative approach to fi3rmul^ihg:a‘/&^ft^^rtil;ig^ fprf^i^^ 
statistically what pattern holds among taigkis ^bady acwpti^ by I countries, and then to 

extrapolate to developing countries. This statistical appro^h is explained in Memo 1L3: 
ProgressivUy of existing targets, as

country representatives seem to be asking:ibn As atniwamp^e, when the patte^
China, the implied target is a 5 percent ciit telative to B^AU. This happens to lie iirtide'^ 

spelled out in Memo II.2. ^

(in) Uncertainty of Measurement and Forecasting complicates the analysis further. Because 
BAU forecasts are uncertain, a given numerical target COuld turn out to be unintentibnally stringent 
(inflicting economic costs on the country) or unintention^ly lax (creating “tropical hot air”). 
Memo EELl, Uncertainty about Target Stringency, and proposed solutions, explores this problem 
and approaches to deal with it by indexation.

Another difficulty of extending targets to developing countries is measurement of emissions. 
Memo nL2, What greenhouse gases are necessary to include?, suggests simple C02 targets might 
be good enough for these countries.
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L Benefits of Targets-and-trade

Reasons:
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is is leakage, as explained in Memo n.l below.)
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ILl Emissions leakage from Annex 1 to non-Annex I countries 

Even if developiiig-country targets did no more than to hold deveIo|)iiinor /v\iintries atBAUemisto:

mim
jSHiliiiii

|. Often referred to as “leakage,” this shiftmg in emissions reflects two econpinipiiifip^,'Of<<;(^

World Oil Market Price Effects. Abating carbon dioxide in Annex I couirtriiCffl 
demand for oil, thereby lowering the price of oil. With lower oil prices, some non-Annex I . 
countries will consume more oil and increase their emissions relative to what they wbiild have ' 
without the Annex I abatement policies.

, ■ i

Energy-Intensive Industi^ Migration. Annex I abatement policies that increase the price

1}
I©

/
Table 1; Increase in Non-Annex I Emissions Under Annex I Trading

"""S,

MERGE
(Manne and Richels)

MRT
(Charles River /Vssoc.s) (Shackleton et al)

325 MMTCE 115 MMTCE 55 MMTCE ,

X

GP
l' 1 I- I, A''-''"''' '

‘ However, international emissions trading can eliminate leakage among all trading participants. An 
effective trading market that results in equal marginal costs of abatement across all participating countries 
also results in equal energy price effects in all participating countries. Thus, there is no economic incentive 
for energy intensive firms to relocate to another country participating in trading. A full global trading system 
would then eliminate leakage completely. Some economic analysis indicates that while the CDM would lower 
costs some to Armex I countries, the project-by-project approach does not equalize energy price effects across 
all participating countries, and would not eliminate leakage to developing countries.
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DL2 The trad^ofT between target stringency and gains from trade

The Administration has stated in bilateral and multilateral meetings. Congressional testimomes, wd 
other public fora that if developing countries adopt emissions growth targets and pairacipate in 
international emissions trading, they can enjoy economic gains from trade. Among other is$ues» tlus 
conclusion is sensitive to the stringency of the emissions growth target. L„_,^___ _____ _______ ,

iihwiM’iii.v/v^i'iJiri CtTO'i a

r0:'v-

Figure 1.1 2010 Marginal Abatemant Coal Curve and I

5 10 15 20 25 30 35 40 45 50 /I'
Carbon Dioxide Emission Reductions (MMTCE)

Nel*:Fff

As a numerical example of the effects of increasing the stringency of an emissions groA^b target, wd 
present results from some modeling scenarios of Annex I trading with China. These analyses assume

set gUl^ from
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that no other non-Aiinex I countries participate in international emissions trading or the CDM. If 
other non-Annex I countries did participate in either flexibility mechanism, the world trading price 
could be lower, resulting in lower gains from trade and a less stringent indifference target for China, i

Table 2 provides an illustration of the effects of emissions targets more stringent than B AU on China 
with Annex I plus China trading. A small reduction below BAU has no real effect oh the Aiinw I /
trading price, and thus no economic effects on the U.S. However, as the 
stringent the trading price ii|pji;ea5e»; itsulttftg'i^^

EpdiS'sions
-<Target‘

Permit
Price
(1997$/
ton)

Chinese
Emissions
Reductions
(MMTC)

Chinese
Emissions
Sates
(MMTC)" .

Chinese 
Gains from 
Trade 
(1997$)

Increase in Total
U.S. Cost Relative 
to CWna BAU
Target

$3.6 billion not applicable

P--'-■ '262 ;$3.2billiph ~$o
bmPM P:.... 235 $2.4 billion $1.3 billion

Indifferehpe 'i !^43 ■ 172 $0 billion $4.2 billion .
.... _ ^ ^. ____  _____________ . ..‘ We employ the SGM BAU for China for the purposes of these calculations.

I

/

R^uctions in Chinese enussions less Chinese emissions sales yields net global reductions.
.. ...

.‘.I'-

;iP wmBMimm
.7'*,
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n.3 PrbgrMSiVi^ oirieuki^^ targets, as a guideline for developing-country targets

It appears reasoriabje bn grounds of fairness that wealthier countries should undertake^gri^ir. :
.. .......... .... .........
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in.1 UnMi^inty^bbiit .tftrget stringency and proposed solutions

•/iiJ;’ J:.’.'';'k-:iA''',^‘-''>"l'''V

''{ '''''

H'dm/'-
^■;!V ■ ■ '-v- 
>V. ■

■: ^' ■v/':V;:; ^' :■■'

UP I (

iiSiiippiilp I

proposes the possibility of separate “efficiency standards” fbr individual sectors within an economy.)

; It is usefiii h) di^ir^ish ifbuf propb^als that appe^

(2) CEA a

ybuoyet

mmm
(3) EPA approach (Special-case ): For every percentage point that GDP in the years 2008-2012 
turns out to be higher (or lower) than forecast, the emissions target is raised (or lowered) by 
1%. (EPA phrases this as setting a number for the ratio of emissions to GDP; but that is the 
same thing.) The advantage relative to the CEA approach is it allows even more uncertainty-

8
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protection A^th respect to,in income in the years after 2007. The disadvantage is that 
the couhtry does not 1^6W how many tons it is entitled to until the end of the budget period, which 
could make tra^ding difficult.

two serious drawbacks:
Mis'

I
i I:-', Ivi 11:--'-
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nL2 What greenhouse gases are necessary to include?

In the Kyoto Protocol, Annex B countries have targets specified in terms of a basket of six typra of., 
greenhouse gases. These targets include both emissions sources and sinks. While this comprehensive i 
approach provides more environmental benefits, it does increase the required effort and cost of 
inventorying greenhouse gas emissions. Many developing countries lack the monitoring ^
to assess emissions of all six types of greenhouse gases. Must developing country 
include all greenhouse gases, or is a subset of the Annex A list of gases sufBcient?/)-.j|||y^i^;J||;|{^'^^^

^V'wii'J;';.'iViV. -i'vV-
In evaluating this question, it may be useful to consider several issues. ; ’! ,V ^ :

• Greater Climate Benefits. A developing country growth target set below what emissions 
would be otherwise for only one greenhouse gas (e.g., C02) would generate greater 
environmental benefits relative to a scenario where that country does not adopt a target.

luidear, wm<D,
greenhouse gases. Moreover, efforts to abate carbon dioxide in 

fd^l fuel^ifibu^ have ancillary reductions of energy-related methane.

CO2 is Significant Majority of Greenhouse Gas Emissions. In the United States, carbon 
dioxide comprises 85% of all greenhouse gas emissions (weighted by carbon equivalence). 
Across Annex I, carbon dioxide is, on average, 80% of each country’s emissions. This trend 
appears to hold for some non-Annex I countries as well. In 1990, carbon dioxide comprised 
88% of Korea’s eriiissions, 85% of Mexico’s emissions, and 85% of Kazakst^’s;eiiussions.
In Argentina, carbon dioxide comprised 63% of 1990 emissions, with metiliwe;^fni^^^ 
most of the rest. It appears that carbon dioxide dominates most countriesVeir^^|^;|;^th‘(;^-^^^ 
methane a distant second (depending on the extent and nature of agriculture): A
I countries have not reported their emissions of the synthetic gases in their national 
communications to date. It is not clear how revisions to the NjO emissions estimation 
methodology could affect estimates of non-Annex I countries’ emissions.

Land Use Change Could be Significant. Carbon dioxide emissions fi’om land use change 
in non-Annex I countries appear to be quite significant. Some estimate that by including land 
use change emissions, non-Annex I emissions exceeded Annex I emissions in 1994 
(Panayotou and Sachs 1998). Emissions from land use change m non-Annex I countries in 
1994 were more than one-fifth of global carbon dioxide emissions. Some statistical analysis 
indicates that countries’ land use change activities do not become net sinks, ceteris paribus, 
until per capita income exceeds $3,600.
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A Proposal for Developing Countries:
Participation in a ‘‘Target and Trade” System

L This analysis demonstrates that the gains will be substantial if developing 
countries (a) accept binding targets at or slightly below their business as usud , ; ; 
(BAU) emissions levels, and (b) trade from their respective targets. We believe that' , : J 
participation in a “target and trade” system should be the cornerstone of our i ; ; ; 
international negotiations.

The economic and environmental rationale for such participation includes

• Greater economic benefits to developing countries: With targets at or only
sli^tlx jhel^ BAUy developm^ countries would enjoy net gains of many billions of

' f . ' ( t •

Participation by developing countries in
: inte^atioha 'p^^ markets would greatly lower the costs to the U.S. of meeting
its'kyotp target CEA testimony showed). In particular, costs would be lower
than with trading among only Annex I countries.

Greater environmental benefits: Targets slightly below business as usual would 
lower global emissions relative to a world with only Annex I targets. Further, 
reducing carbon dioxide emissions generates ancillary air quality benefits through 
lower particulate matter, sulfur dioxide, and nitrogen oxides emissions.

Target and trade yields greater benefits than CDM: While the Clean 
Development Mechanism will likely result in cost savings to the U.S. relative to a 
world with only Annex I trading, a system including effective target and trade of 
developing countries’ emissions would yield much greater cost savings to the U.S. 
and greater gains to developing countries than CDM. Further, target and trade 
could achieve environmental benefits not achievable by pursuing CDM, which only 
redistributes emissions geographically.

The principle of full participation: Other rationale include the long-run benefits 
of including developing countries into global negotiations, for example, as 
recognized by the Byrd-Hagel resolution. By establishing participation now, 
further commitments might be feasible in future periods.
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n. Problem: To persuade a developing country voluntarily to adopt a target and then to 
trade permits internationally, international agreements must be structured to reduce the 
risk of inadvertent stringency and in particular to reduce the possibility of a target so 
stringent as to cause large economic losses to the developing country.

Proposed Solution: Negotiations should focus on the estimated business as ^||^J:; , v ^ 
emissions level, where this level is expressed in a way that depends on thejf^i^!^;'; 
values of economic variables, such as GDP.

Rationale; Such targets would avoid the risk of inadvertent stringency associated with 
higher than projected economic growth between now and the beginning of the 
commitment period in 2008. Developing countries would face only the much smaller risk 
that emissions would be higher than expected,the ecpnotmo conditions realii^ in

• Reasionable The relationship between the target (putting aside any real
reductions in eihissibns) and the values of econoihic variables, when applied to 
emissions arid such variables during recent years, should predict emissions 
reasonably well and be \vithout demonstrable statistical bias; Relationships that 
give reasonably reliable predictions reduce the risk of either inadvertent stringency 
or paper tons which could increase global emissions.

• No Perverse Incentives: The tai^et should dCpendJon values of eoonomic^^^^;; ^^^^^^^^^^^
variables only indirectly related to emissions, to avoid creating peiverse;i^i^esiggg;j;;^;.^ 
for developing countries to increase eniissioris so as to have higher targets in the ' '
commitment periods. For example, the target should not depend on energy ■ ) ! m 
consumption in 2007, but could reflect pre-Kyoto emissions levels.

• Predetermined Targets: To avoid uncertainty during the commitment period 
about the country’s target the target should not depend on contemporaneous 
values of economic variables. For example, the target generally should not vary 
with 2008 or 2010 GDP levels, but rather with 2007 GDP.
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in. niustration: One way of implementing the solution is described below. Other ways of 
implementing the solution may work as well or better. The conclusions are stated below; , 
the details of our work follow in appendix 3.

Defining the business as usual level for a developing country as a function bjf;its 
GDP and population in earlier years and setting the emissions target at th^ilwel 
yields a negligible risk of leaving the developing country worse off under ^get and 

trade because of inadvertent stringency. Even a target slightly below BAU would 
also yield negligible risk of leaving the developing country worse off.

• Emissions targets for developing countries set below their business as usual
emission level would of course result in gains from trade smaller than with a BAU 
target, while providing environmental benefits. The higher costs of a target set 

, ,bei^,W/BAW'^ by both the dbvelbpihg countries arid the Annex I countries.

Thefe afe sii^^dw^^ trade for developing countries and large cost-sayings tocountry, at BAU^
pipping. 1 and ChnL I through 3 UluaLe these gains 

from trari<b' ifrbni a i)^elih^ Annex I trading.

Table 1. Illustrative Gains from Trade with Developing Countries that Target and Trade
Trading Scenario Permit Price’ 

(1997$/ton)
Country
Gaining

Gains from Trade with 
Developing Countries

Annex I only $54 United States not applicable

Annex I + China $26 —Sii
Annex I + India $47 ilili

BHiia mmemAnnex I +
Mexico

$51
1 iiips '
■»!» i 1

Development Mechanism and carbon sinks.
^ Gains from trade for the U.S. are estimated as the change in the U.S. total cost of 
complying with the Kyoto Protocol relative to an Annex I only trading regime.
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Chart 1. China’s 2010 Marginal Abatement Cost Curve and Gains from Trade

Gains from trade 
with cap at BAU: 
~ $3.6 biiiion/year

Emissions abated are 
about 20% of BAU

;;;; ;100 150 200 250 300
Carbon Dioxide Emissions Reductions (MMTCE)

Chart 2. India’s 2010 Marginal Abatement Cost Curve and Gains from Trade

Gains from trade 
with cap at BAU:
~ $1.6 billion/year

Emissions abated are 
about 18% of BAU

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Carbon Dioxide Emissions Reductions (MMTCE)

Source: SGM
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Chart 3. Mexico’s 2010 Marginal Abatement Cost Curve and Gains from Trade

Gains from trade 
with cap at BAU; 
~$0.9baiion

Emissions stated are 
about 19% of BAU

5 10 15 20 25 30 35 40 46 50
Cartxjn aoxicle Emission Reductions (MMTCE)

Sou(oe:SGM

Appendix 1. Costs to the U.S. of Developing Countries Adopting Targets Below BAU

Regarding developing countries, most commonly discussed is the issue of fairness: what 
commitments to reduce emissions should be made by countries whose economic resources ^ 
differ substantially? Generally neglected, but discussed below, is the issue of efiScieiicy; In 
particular, what are the implications for U.S. costs of increasingly more stringent targets 
on emissions from key developing countries?

The environmental gains from emissions reductions below BAU come at the price not only 
of economic costs incurred by a developing country that adopts the below-BAU target, but 
also economic costs by Annex I. More stringent developing country targets raise U.S. 
costs by restricting the supply of permits in world markets and so raising the price of 
permits.

To assess the magnitude of this effect consider the target which just leaves a country no 
better off than no target at all. This “indifference” target is where the costs of meeting the 
target just equal the net gains from selling permits in world markets. Chart 4 illustrates
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gains from trade for a small country. For a target that is equivalent to a reduction from 
BAU of 17 MMTC, net gains from foreign exports are B, and the cost of meeting the 
target is C. Since B = C in this example, the net gains from trade are nil.

Chart 4. Illustrative 2010 Marginal Abatement Cost Curve and Indifference Target

Indiffaronca Cap

5 10 15 20 25 30 35 40 45 50
Carbon Dioxide Emission Reductions (MMTCE)

.I' I.i

Note: For simplicity, this indifference target is illustrated for a country whose participation 
in world permit markets does not affect world permit prices.

Table 2 provides an illustration of the effects of emissions targets more stringent th^, BAU 
on China with Annex I plus China trading. Note that a small reduction below BAU has no 
real effect on the Annex I trading price, and thus no economic effects on the U.S.
However, as the target becomes more stringent, the Annex I trading price increases, 
resulting in higher total costs of compliance for the U.S. If China accepts a target below 
BAU, the cost of this additional stringency to the U.S. - essentially, the cost of supplying 
the environmental benefits associated with these emissions reductions — can become 
significant. Thus developing country participation in the form of acceptance of targets 
more stringent than business as usual will raise costs to the U.S.
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Table 2. Effects ofVarious Chinese Emissions Targets with Annex I Trading
Emissions
Target*

Permit
Price
(1997$/
ton)

Chinese
Emissions
Reductions
(MMTC)

Chinese
Emissions
Eaies'^
(MMTC)^

Total Cost to
US. of
;G6mplying with 
Kyoto

BAU $26 276
|27^i'’-'-Vi cr *11

BAU-1% $26 276 :262 ^ S$|3j4 b"'"" '

BAU- 5% $29 304 235 $14.9 b $22/ton

Indifference :$36,n:.,.. 343,V- $26/ton

mV.

liii:
W’i'SP't ■

I):; i I, ■ ■ ■ I : f!. M . - ,. .1: A. . . -;:: i

#§

• An indifferehce target for China increases annual U.S. costs by $4.5 billion or 33% 
relative to a BAU target for China,

• If China accepts an emissions target requiring reductions of approximately 170 
MMTC below BAU, the average cost to the U.S. would be $26/ton. This is not
the average cost of a ton of i^m^siohs purcha^ -fi-om Chiin^ but the ^ ^
to the U.S. of the environment^,iiienefits associate Math compl^n|{^j|(||^:|^;,v':';^
more stnngent target.

Appendix 2. Ancillary Environmental Benefits of Target and Trade in Developing 
Countries

The voluntary reduction of greenhouse gas emissions by developing countries under a 
target and trade system will simultaneously reduce emissions of several pollutants, 
producing ancillary environmental and human health benefits in those countries. The 
environmental and health benefits that accrue to those developing countries are unlikely to 
be offset by decreases in environmental quality in the United States because of our 
stringent health-based air quality standards.
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A recent study \n Lancet examines the emissions of one pollutant that are reduced along 
with carbon emissions: airborne particulate matter (PM). The study projects that by 2020, 
a climate change policy scenario in which developing countries reduce emissions to 10% 
below their BAU could produce an annual reduction of 563,000 statistical deaths. ,

............ ,The analysis below adapts the predictions in the Lancet study to estimate the mprt^|(y risk : V,, 
reduced from participation by three developing countries (China, India, and Mexicp) in a : 
target and trade system. These illustrative calculations take as given the emissions , : 
reductions from BAU resulting from permit sales that are predicted by SGM. It suggests 
that significant public health gains could result from developing country participation in 
international carbon permit markets.

Table 3. The Effects of International Carbon Permit Trading on Mortality Risk Associated

: ■ '■ i';;
..i,

nj^p^intei^
IpenWt sales

Share of 
non-Annex I 
population in 
2010

Annual PM statistical 
deaths avoided in 2010 by 
international carbon permit 
trading

China 20% 23.7% 136,700

India 18% 20.3% 105,300

Mexico 19% 2.0% 19,700

For developing countries that are too “small” to affect the world permit price, adpptii^ as :V 
carbon target more stringent than BAU and participating in international tradP dp0^ nbt V 
yield additional ancillary benefits relative to a BAU target. Large countries, by adopting 
targets below BAU, would raise the world price relative to a BAU target, and thereby 
achieve greater carbon emissions reductions and ancillary benefits.

Caveats

Major assumptions beyond those in the Lancet article include;

• Deaths avoided in each non-Annex I country are proportional to the country’s 
share of non-Annex I population.

Deaths avoided are proportional to carbon emissions reductions.
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Each key developing country is the sole non-Annex I country to adopt a target and 
participate in international trading.

Appendix 3. Summary of Analysis

A. Data ■

We have compiled data on 3 variables: emissions of carbon dioxide, GDP, and population 
for 117 countries for the time period 1970-1992. The carbon dioxide emissions data, 
measured in millions of metric tons of carbon, are from the Carbon Dioxide Information 
Analysis Center (Oak Ridge National Laboratory, DOE). The GDP data, measured in 
1987 U.S. dollars, are J^om the World Bank. The population data, measured in thousands

flUilBIIS' :We iiaVd ^St^^ effects linear regression on the logs of these variables, for the
countri^ in bur d^ those listed in Annex I. Our regression uses four non-
overlapping 5 year intervals for each country. Our forecasts include the country specific 

constants.

C. Results

The fixed effects regression we estimated is

Emissions = a GDP,.i + b GDP,.2 + c Population,., + y trend
■■ ■ ;■

Emissions are the natural logarithm of the five year non-overlapping average of carbon 
emissions. All independent variables are lagged. GDP,., is the log of the gross domestic 
product in the year prior to the first year in the emissions variable, GDP^j is GDP in the 
year two years prior to the first year included in the emissions variable, and population,., is 
the country’s population in the year prior to first year included in the emissions variable. 
Trend is one in the first 5 year period, and 2, 3, and 4 respectively in the subsequent 5 year 
periods. The useable data included 376 cross-section time series observations. The fixed 
effects regression used 98 degrees of freedom. The R squared was in excess of 0.99.
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Table 4. Model I Results
Variable Name Coefficient Estimate Standard Error

GDP,, 0.9501823 0.2443047

GDP,2 -0.411297 0.23894 ;

Population,., 0.4836006 0.2055439

trend 0.0073712 0.0310638

■■■■ .V/. .

As one illustration of the model’s accuracy in predicting emissions, consider the chart 
below that maps actual and predicted emissions using within sample data for ten selected 
developing countries, The predicted value is never more than 1/4 of one percent away
||||||P|ger.geWa„yrf«^

as a Fraction of Actual Emissions

0.00%

-0.25%
7^77 7&02 83-87

Chra Mexico India Brazil CNIe

X * ■ • ♦
Argsrtina Israel S. Africa OostaRica S Korea

0 □ + 0

88-92



Draft; close hold; CEA 2/17/99
How should growth targets for developing countries be set?
Summary of tentative consensus

This is an attempt to summarize some ideas that have been favorably received, regarding how to 
formulate growth targets for developing countries (in the first budget period). It must be stated 
from the outset that nobody wants the USG to be aggressive in making this sort of proposal 
internationally, for fear of appearing to be trying to impose a rigid formula on others. Rather, the 
point is to collect our thoughts internally, to be used if we are asked, as appropriate.

There appears to be a consensus among the Assistant Secretaries group that the aim should be 
targets in a range where they are low enough to produce environmental advantages (including 
forestalling leaking, but perhaps also small cuts relative to BAU), while high enough that to 
produce economic advantages (in the form of gains from trade to both buyers and sellers). That 
happy range is bounded by BAU on the upside and the “indifference level” on the downside 
(estimated, e.g., at BAU-12% for China with one model). CEA results that extrapolate fi'om the 
progressive pattern of existing targets observed among Annex B countries might help choose a 
“fair” point within that range (e.g., estimated at -5% for China).

There also appears to be a consensus that it might be advantageous to consider “indexation” 
arrangements to cope with uncertainty between now and the budget period, i.e., to reduce the 
chance that a numerical target that was thought ex ante to be in the middle of the range turns out 
ex post to be either inadvertently stringent (imposing large economic costs) or inadvertently lax 
(creating hot air).

There is now a consensus that indexation was preferable to trying to impose a common absolute 
emissions/GDP standard across countries.

A majority favors setting the numerical target in 2007, though EPA (David Doniger) favors 
continuing the indexation through the end of the budget period (2012).

All favor considering the idea of indexing the emissions target to GDP. There were a fair number 
of proposals for other variables to include in the formula in addition to GDP (population, 
temperature, coal production, oil prices, electricity output), either uniformly across countries or 
on a country-by-country basis. Some argued that it should be left to the discretion of the 
developing country to decide what economic and/or demographic variables best explain 
emissions. But each individual candidate for a variable to be added was strongly opposed by a 
number of people and arguments.

The most unsettled question was what X should be, in the formula to allow X% higher emissions 
for every 1% In unexpected growth.

There was also a proposal (Victoria Greenfield, State), that unexpected reductions in income be 
accorded Y% lower emissions, with Y<X.



Example for Argentina

BAU is for carbon emissions growth of 55% cumulatively , 
II1 w Mijr» per year (all data ^fe firpnii ^genfihe Of this, 4.4% peh

yeiiif is gfowtiil'®^o irdi^reasing ^e^We asfiff» tLt a«%ected to be 5% below BAU For

appbd to nM| <^untnes, would be to let them pick their highest previous year, and set the target
^iJ^^^dvethatV

will be :bigher (or lowerb

ife- ■“

tiiii«p

is as follows:
... iiii

/('Wr •,

ifStS »ii^cbbr^
te larger cuts, ,2.f' But an alternative favored by some in our group 

would be to let X be negotiated separately for each country.)
Then, for concreteness, the Argentine target become^!

[1995 + 50% - .7(4.4%)15 ] + [.7(average realized growth)15] C

= 1995 level i ^ ^ 4% ; ,7(accumulated growth over next 15 years),,:

pig^^^iomes bi as expected (4,4%),.then the tai«et is 50% above 1995 Jevbls; or .
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Giwi^ tTa|^^ iter Carbon Emissions from Developing Countri^

Jeffrey A. Frankel, New Century Chair, The Brookings Institution^ : '

MilMm

Introduction and Summary of Findings
As part of the effort to address the problem of Global Climate Change, the Uni||||fe|&^^ 

advocated “grovrth targets” for emissions of gj^nhouse gases (GHG) by developih^|^i|prth^;^ 
few of these countries are considering the possibility of adopting such targets, an(l;iii^ |s61|^^ 
assistance in how to formulate them. This policy brief presents some basic principles for deteftii^ 

what would constitute appropriate growth targets and discusses several proposals.

• Environmental benefits

cap yield sigiiifii^t
the;ioiePi^e?(^k'.yfoul^ ^'v;

iii^i^l^^||^j^.^Vs^ldV;r(Bductioris'^in';darbdm

Vfrfii in the developing countries through lower particulate
■ ■■

Targets can resuit in economic gains fi-om trade for all sides, if they are not too stringent.

• Economic benefits to developing countries:' With targets at busines as usual 
(BAU), developing ^untries would enjoy net gains of billions of doUm through the 
interhationai sede of emission reductions achieved at costs below the iwpHd;pirice.v i

• Cost savings to the U.S.: Participation by developing countries in!irifefjnatipriai):^^^^;y; :^ 
permit markets would greatly lower the costs of meeting its Kyoto tarjget; a$ analysis 
by the Council of Economic Advisers has shown. It is estimated that effective trading 
with developing countries would lower U.S. costs more than 80 percent (as compared 
to 57 percent savings from trading among Annex I countries alone).

i’'.''.-VVO

iWliailiiiili
isfifi\’r^T7;

1.' 2 il’ ILj -.S if

liahd; ThfesbirisB eouldibereduped py an ihdej^lpaa^
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Niany di^duiticis' pla^e the effortit(!y;iiitipiM9^itjie,|i^i^^ ' ■ vV^'
in November 1997, and the other steps tiiit\iY^^pii^;p''!hd^'fe)i^/lpymlaice)a‘iiirt'^

intemationa
^piptiitiipa

mm'r^
a'v-

agipijS^ii

Seniors up wprids Up ‘‘cOmppiypps’*pp|ppipi”?p::pppBpphy; pp foU
pin^■CoUrit^y'pPticipatibninl^^^y■ij3^1i^^ipj^p'ipiipSpiPpPP^^^

*lill
iHipithe.^;7!

developing country puticipation

is\“aVdkpefrtii$ipppip''”:V^^'d)“^ ....„.„ __
' ■ ■ a^mem%/dep|[(pip;;puntrip'pp^^||i||P|i(^io|^|^l|n|^^

allocation on a percaipita^basis; Itls'cpoipi:Pi'4p^i^piH^;Pprtp$:pptpPp^i;.,;^^;^^ .■.
President has said that he will not subrnitfp4repj^ipi;l$ppfe:'ipificpip;untiipip^p|,^^;'if!;i^i':\^ 
commitment to meaningful participation ppy depjping puhpes in the fimt!p(|pt'pc^odij^; ^ 
(2008-2012). But I would phrase tp reppp;dippp^pp4p®s tp Co^epi V P

There are several reasons why meaningful pkftibipadibn from developing countries is 
essential.

. •• ■• •' :•:• ‘V. :r.' ■ . :,'; v.'. • ' .
' ‘ ' ■•'•'■' ■'p ';' '■ • ■'■■'' t ‘ • ■

' • ■ ■ • •' '• '■ '■ •' '•'■••■■'.

• First, a global problem requires a global sbiutibri; The problem is inherently one on which 

an individual countries can make little progress on itsr^bwn. It can be thought of as an 
“international externality,” “the tragedy of tP cOnimbris,” “free-riding,” or “global public 
goods.” Whatever you call the problem, a solution rpuires that all countries agree to 
participate together.

• The effort to address climate change will not succeed without cooperation by the



deyf»16pihg ,cou^i^^;b their emissions are the festest-growing, and will surpass 
tiiose frpth the countries early in the century if everyone proce<^ af^rdipg ;
to biisihess ^^^ual) crossover is projected to occur by 2010, according 
Tntemational Energy Outlook 1999 released by the U.S. Energy Information^bnCy; Cl^a ' 
is expected to surpass the United States as the largest single emitter by around 2020.
Without the participation of deyelpping economies, emissions reductions by ; ^;
industrialized countries will therefore not go far in averting from climate chafifiibii '

If develbpihg cpupltries db riot i^idpate ih the international regime, their iia|i^l^ii;^W}j 
potentially incre^e by wore than they are currently forecast to increase undw/^i^v m 
business-as-usual'baselines.', .This is'the pjrobleiri of Jeofaijfe. I(i■■ ■ '

illii fifi mmfOne mechanism for such an (T\

itori\6f etriissibri j^edri(^i6ha^ be partially offset

mm
• Finally, participation by developirig countries is crucial because it would permit relatively 

Ip w-cpst reductions in emissions there to be substituted in place of some high-cost 
reduptioris in the iridustrialized cbriritries. Greenhorise gas emissions have the samp basic

^ ^ ............. , , ^, ’ • '■ •' ' 'i ■makes sense, from both an erivironmental and an economic perspective, to mcoi^pi^e i ^ 
emissions reductions in developing countries into the international system.

What about “competitiveness”? One of the difficulties in analyzing concerns related to 
competitiveness is that the term itself is used to mean many different things. I have seen at least 
one study that uses “loss of competitiveness” to refer to predictions of negative effects on the 
aggregate trade balance. As a professional economist, I do not accept the logic upon which that 
particular argument is predicated. The aggregate trade balance is determined by macroeconomic 
forces — the difference between saving and investment^ — and not by our environmental policies.

If competitiveness refers to adverse effects on a few specific manufacturing industries — 
those that are especially energy-intensive, such as aluminum, paper, and chemicals -- it is easier to 
see the possibility of negative effects. It is difficult to undergo a significant structural change in
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the ecpilipmy wthout h^ effect of expanding some sectors and contracting others. But to
provideissue, we need to consider the following facts. First^ pt» i : , ,
average, eher^ constitutes only 2.2 percent of total costs to U.S. industry. Second, eiiw^ prices/ 
already differ significantly between the U.S. and countries such as Venezuela, and yet U.$.! | 
industry is not generally fleeing to Venezuela. Third, approximately two-thirds of aU eim^siohs,ar^

^. nofin manufecturing-at allj biit in transportation and buildings. '

In short, I belike it more accurate tosay.that we need developing country-p^||)i^(mi[^>|§/|v|^^ 
for the reasons I outlined above — projected emission paths, the glob^ nature of tlie'^ubii(|g6bd)^// 
leakage, and cost-minimization - than to say that we need it to avoid adverse effects : ^
competitiveness.

;, The viewpoint fironi fbe South ■AA'p//,;,

(lb) Tjfus bbj^tiVjei'uicIudes, in addition to rmsihg market-measured in^ also 

beriming to control local air and water jplpllutipn. Such pollution already is visible and is taking a 
large toll on health. Controlling local pollution therefore must take precedence over controlling 
greenhouse gases, which are not visible and which may not have serious health effects until a 
centuiy into the future.

• Second, the developing countries should not be required to take any step that^bnthUlii \ v , ' 
economic sacriSSce until the industrialized countries have done so. There i;
forthis: ■ ■■''a'.''-'':' ’

(2a) the industrialized countries created the problem, and

(2b) they are richer and can more readily afford to make sacrifices.

It is hard to disagree with these arguments. But I do not believe that the Clinton 
Administration is asking poor countries to forego their economic development. “Meaningful 
participation during the period 2008-2012” need not entail economic sacrifice by developing 
countries. This argument is not based on diplomatic or political “happy talk”, but on sound 
economic logic, as we shall see.



The gains from trai
I, ; ' ' ; '

• . / ;
I will concentrate on the possibility that developing country participation would 'tojlte we i ,; , 

form of commitment to a quantitative growth target, with international trading. If develppmg. ^ 
countries were to join the system of targets-with-trading, it would not only have eny^piimeptd,{ : 
and economic advantages for the rest of the world; it would also have iniportant Pn^i^e^ 

and economic advantages for the developing countries themselves. For the 
let us begin by considering a plan under which developing countries do no more '
their “business-as-usual” (BAU) emission paths in the 2008-2012 budget period 
trading system. ■■

The first thing to notice is that this system is not going to hurt the developing countries. 
They have the right in this budget period to emit whatever amount they would have emitted 
anyway. They need not undertake emission reductions unless a foreign government or foreign

otiid ihdei^ offer to
(^nodgh in the budget period to persuade them voluntarily to reduce 

i. f he reasoti is that it coiild get eitpehsive foiri the tJnited States, 
Eurpp^^(|S^^|i||^iup emssions beW
the ri^uctiofik;^'^ because this is a short span of time in which to achieve
such a major structural change in the US economy. But the cost of reductions is far lower in 
developing countries. Thus governments and corporations in industrialized countries will be able 
to offer terms that make emission reductions economically attractive to developing countries.
The economic theoiy behind the gains fi-om trading emission rights is analogous to the economic 
theory behind the gains from trading commodities. By doing what they do most cheaply^;^bpth 
sides A^n. In Ricru-do’s classic tradb example, Portugal specialised iii producing wine 9pdl' i 
England in producing textiles. In the current context, developing countries speciali^ijfqljTj,’i /
example, in installing clean new-technology pOwer-generation capacity, while indusi|iaha^U^'^^^^;\^/:^^^^^^^ 

countries specialize in producing the capital goods that go into those plants.

Why is it so much cheaper to make reductions in developing countries than in rich 
countries? One major reason is that, in industrialized countries, one would have to scrap coal- 
fired power plants far in advance of their 40-year useful life, in order to replace them with natural 
gas facilities or other cleaner technologies. This would be very expensive to do, because it would 
mean wasting a huge existing capital stock. In rapidly-growing developing countries, on the other 
hand, it is more a matter of choosing to build cleaner power-generating plants to begin tvith, 
instead of building coal-fired plants. In general, when contemplating large increases in future 
demand for energy, it is good to be able to plan ahead. This includes learning from the mistakes 
of others that have gone before, and taking advantage of their technological advances.

The gains from trade can be made more concrete with some estimated magnitudes. The 
Council of Economic Advisers has estimated - using the Second Generation Model (SGM) of
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An extreme example of how measures to reduce carbon emissions have 
developing countries is the case pf subsidies to fossil fuels, especiahy coal, which
oflt4^r%h-nrv11iiHna fWrm nf (iia1 ' P.liminnfina chr.Yi giiKci/Iiac wr»i1H rrpiStff^.

climate change agreement. Coal supplies the majority of energy in China, for example^?/ X' m^or \' t 
reason for the heavy use of coal is thai it has historicaUy been heavily subsidized: ’ ^ ^
that coal subsidies outside the OECD totaled from $37 to $51 billion worth in 1991-SI2. Total 
fossil fuel subsidies have been much greater — well over $200 billion in the early 1990s, though 
smaller now, A1994 'study estimated that remowng them would reduce global emissions by 7%.

tra(ip ^y)st0ln)M^lfr governibeitts twice over — once in the form of the
mon^y thi^t b sav^ >by ; dinuhatihg^^w expenditure, and then again in the form of the money
that is paid by an Annex I country for the resulting emission reductions.]

Sumiiiary of Benefits of Targets-end-trade

To summarize:

ii 1 ft'll ™ u

wm

* Emissions abated would be roughly 19% of Mexico’s BAU. India is estimated to abate about 18% of BAU. 
China abates about 20 % of BAU. The worldwide price of emission permits falls by half, relative to trading among 
Annex I countries alone The estimated gain in each case is the area under the marginat cost of abatement curve.

^ 76% of commercial traded fiiels, including nuclear and hydro. The figures are 57 % in India and 36% in 
Africa. Other statistics are given in a March 1997 World Bank study.
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level be determined? A reasonable nunAler fbij tHeJbt^trifesitheniselves to proppi^?^^ 
BAU targets. As noted, targets at thatlfeirbl :^npnup;j|6^i|||i^lr(^

Such a demand could! also be view^^lii^^it^i^i^-tiyelsis’;^ so large as to
inflict economic damajge. A lower bound to wMt qppiii/seh^^^^ I will call the
indifference level. Anything above BAU Will ipot nepe^s^ly liie^^ Annex I countries, while 

anything below the indifference level will not necessarily benefit the others. Clearly the aim 
should be to fall somewhere in this range. For either side to propose a point outside the range 
would be equivalent to a rug-merchant in the bazaar asking a price hi^er than the customer can 
get the same rug for back home, or else equivlant to the customer asking a price lower than the 
cost to the merchant.
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Figure 1.

iiiiiiiii^i

iii»ii!fM|itefW

lnMMWMT«B<t

•' ' .
!'■: ■■■.■:

J'7: ■ ;■■ i'
Co«otm^na

AlldwancMaaM

::ii|ij
:7;|i||

®i

■||jig«ii
■:'7::W7v;:/:.:;;vbi

■ i ■!■■ ■'■' '■

I 15 20 25 ao aa
QoxMe Bifeslon Rsductions (

*

iiiiSpsip
']■:'■ ■ ■

rortn^it But the cost rises with the ma^tude
^ the reduc^pn,' tr^ihg Qut '^he^^w cury®- If the equilibrium world price is
$50 a t6ii'!,ihfein It emissions by about 34 MMTCE and sell all of this at
a profit: ^Tljie lwtmetric^ as much to abate as the $50 that the permit fetches on the

It may .not be considered re^onable for'all,these gains to go to the devei^i^^!i|(^i^i,i|t:': ;'-^^^^ 
requirement that the country must reduce emissions a certain amount before bejg^“~‘^^^^ ""“ '
money by selling permits would balance the gains from trade more evenly.

HiIMS
m mHi This is the indifference level.

iiiSiilBiSsi saSiSj'., i
pptiph implies that the ihdifferertcse target >VQuld



As ariumerid^ ex^ of the effects of increasing the stringency of an eniissionis^owth ^ ^ 
target, consider results from some modeling scenarios of Annex I trading with China.’ Table 2 
illustrates the effects of Q^[{utfie>ieinkesioit»»taeg«to^^ levels, assuming that Chiha tr^es its i
pern.its«5h>MrfrSuntri«/ ^ ,,;v;a*Sil
TaMfe 2, Effects of Various Chinese Emissions Targets with Annex I Trading iiiliiii
lEmissions
Target’

Permit
Price
(1997$/
ton)

(Chinese
Emissions
Reductions
(MMTC)

Chinese
Emissions
Sales
(MMTC)’

Chinese 
Gains from 
Trade (bil­
lions 97$)

Increase ini*p|||\'; 

U.S. Cost^^i^iJ 

to ChinaBAU ; {r 
Target

l$26/tpn 276 276 $3.6 b not applicable

BAU-1% l;526/ton:;;;,: ip:-®:-
j235;h';;;;'::;; l$iiiiiiiiiph<';;.^;:ft^

mp®5 $4 2 billion

is less Chinese emissions sales yields net global reductions. ,

mimm

'iMi
5 wimmmst..
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If it is reasonable for poor countries to propose BAU targets as their opening ;^^J'an4 ^TO !^'y '‘ 
reasonable for rich countries to propose indifference targets as theirs, at what level '
reasonable for a negotiated
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................................................approach that incorporates the principle of progressiyity wMe ;
•|( ■But'where the question of the distribution of targets seems inherently

avoiding the iinpi^c^ ri^i;^^ extremes proposed by some representatives 

countries. -V;'; ■,

Uncertainty about target stringency, and a proposed solution

something different'e)t': post.w™«.« ............. . , . . ....... ..
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economic growm rates are probably the biggest’Source of 
. Forecasts of GDP among East Asian countries, for example, are already/veiy/.... ii._____ .....................inn'T ...i ...:ii i’ i, onm ]«!»»
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This example illustrates a possible approach to rerrioying some of the economic 

uncertainty from the connnitment of adopting a quantitative tJirget: Another possible idea, 
suitable for any country willing to implement via a carbon tax or tradeable permit system would 
be an “escape clause” or “safety valve,” which eases the quantitative limit when the price of 
carbon threatens to rise above a pre-agreed threshhold. Such approaches to the uncertainty
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w^lg^lgvironmen^^ tutd eoononuc, to developing countries
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feRGE ■ MRT
(Manne and Richels) (Charles River Assoc.s) (Shackleton et al)

55MMTCE

i|ifitert^li[^oral dimen^lpns oftWs prbl^ 
,^,j^;ancl'^15K8MM^dit^'.>)it(^ttie,'^
'y^e pro fi^ew6ric is j>rob^ly the classic “transfer

States would be buying permits from

••..'',' M-- V/

' pr6l^iisP(if0A^..^... . ■ _____
other cdunini^^^ baltmce in goods and se^ces would be positive. (The effect
on broader measures of the balmce of payments could well be negative.)

3. These analyses assume that no other non-Annex I countries participate in international 
emissions trading or the GDM. If other non-Annex I countries did participate in either flexibility 
mech^sm, the world trading price could ;b^^ lower, resulting in lower gains from trade wd a less

4. A small reduction below BAU has no real effect on the Annex I trading price, arid (thus ,np 
economic effects on the U S. However, as the target becomes more stringent the trading price 
increases, resulting in higher total costs of compliance for the U.S.

6.The rich countries are afraid of mentioning population, for fear of giving a platform to the 
utterly unrealistic proposal to give equal per capita emission rights to all countries. Nevertheless, 
some less extreme version of including a role for population seems fair. (One possibility is equal 
weight on three variables: shares of global population, shares of output, and shares of pre-Kyoto 
emission levels.) The argument for including the temperature over the coming decade is not that 
it will contain much scientific information regarding the true magnitude of the climate change 
problem — weather fluctuations are far too noisy for that — but rather that it will contain 
information regarding the political willingness of people to pay the costs of more stringent targets.
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Growth Targets ifor GHG Emissions from Developing Countries: 

Tntrndiiction and Summary of Findings

The United States has advocated emissions growth targets for non-Annex I countrie^iw^ ?^se/ 
countries consider the possibility of adopting such targets, several have solicited 
United States. The tasks of providing technical assistance to these countries and 
international community to develop an understanding of what constitutes ‘‘approfd^ lri^ftf^^^(^^^ 

I targets” require a further refinement of the US position on developing country growth tarjgets. This 
paper presents some basic principles for growth targets and discusses several proposes.

Principles Recognizing the interests of developing countries, the United States
interest, and the economic and ^nvironmept^ impacts of emission^ targets, there are three

• ; ^ with continued economic development; and

• '1‘drgets^^^ form that allows developing countries to participate in
international eniiSsiOns trading, to reduce the economic costs of attaining given targets.

Findings While there is a general consensus on these basic principles, a further
elaboration on some of the key issues involving these principles can help facilitate the eflfort toward 
a position on the form, magnitude, and timing of a developing country growth target. In reyieu^g 
existing data, ongoing rese^h, and in conducting bur own analyses, we have foimdidi^i i i ^ ^

• Growth targets even as high as BAU can yield significant reductions in global<cmissions |by 
forestalling the leakage that would otherwise occur.

• Targets can result in economic gains from trade for all sides, if they are not too ^ringent.
.......................................... ^

mm

mmmeconoiTMb

and the commitment period 
have some advantages over carbon efficiency target approaches.
CO2 is the dominant greenhouse gas in developing countries (from fossil fuels and land-use). 
Measurement of other gases might be too difficult to justify their inclusion.
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GuidSiliiiv ■
■■.'■ '':'A.^si;^eme -m iwhich' rion-Aimek't(<^iiiii;^i>s)i^^^(I) Benefits of Tkk^ets-aiid-Trade;. .... ■,, ,.,.

invited to adopt binding emission ta^ets' in|the gbneral^lvabii^i^^^^^^^^ patKs,; Md|tnen jra
emission permits;internationally, is':aistiiem|;itfijtt;hfcs!)i^ptyt0n!^M'^^*>9i’!“9^ ' ’
benefits, not just for^^idmex I wuntniw,'',i)Ut;fi[ir/tHe^^bVi^opliii^'j^

(IT) What Should‘Determine pesired!l'^ets^;;i^n--A]rm(^4'<»untn^ 
on targets that make;spme sm£dl/reducii6rip.Tpl^iye;^;)pi^)l^d|^iU;bet^^ ' V
render them worse oi^ and therefore unlik^j^ toji^i^jtb^pai^ 
relative to BiW tue ui^ikdy to be; a^p^ie^tp;th^:At^^
targets thai foe developing otuntrieS coul|d fe^;xpfect^)^ upperbpund is their

■■■ ■
m

An alternative approach to formulatfog a “fair*’ target for developing countries is to estimate 
statistically vfoat pattern holds among4^|)^^;^|i(^accep1^ 

extrapolate to d^elpping cpuntrio?.

i/uuiiiiy icpicdciiiauyc^ 5CCU1 lu uc cisiUfij^^fuprL v. wChina, the implied target is a 5 percent cdt i^atiVe ilTiis to Ue/iiis^ipp:^
spelled out in Memo II.2.

(ED) Uncertainty of Measurement and Fprecastihg foe analysis ^pher ; Bp^
BAU forecasts are uncertain, a given numerical target Cpiild tuhi out to be unintentionally stringent 
(inflicting economic costs on the country) or uniritehtipnaUy lax (Creating “tropical hot air”). 
Memo DLl, Uncertainty about Target Stritig^^yi and proposed solutions, explores this problem 

and approaches to deal with it by indexation/

Another difficulty of extending targets to developing countries is measurement of emissions. 
Memo DL2, What greenhouse gases are necessary to include?^ suggests simple C02 targets might 
be good enough for these countries.



L Benefits of Tai^ets-and-trade

Close Hold; Do Not Cite; For Use in International Negotiations; 2/8/99 CEA Draft

mmm. ir?™ iisis
Reasons: mm'msmmsrn';■ V;-’:,',;: B./'V. ; y.

. • i
• I ■

■v ■ A'

iliililiili
is is leakage, as explained in Memo II. 1 below.)

Ul"

m

m

iippsp B

>

'■■■. '■(■ ■-'

i>.>/<,tv>','.i Ks',>f'A>.\S.*.'ilMl‘i



tri<>c nt RATT AtnisiQinn

ifililfii
1 to as “leakage,” this shifting in emissions reflects two economic 

)atihg emissions in Annex I; i ^
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ELI Emissioils leakage from Annex I to non-Annex I countries 

Even if developiftg-couhtiy targets did no more than to hold developi

Often

World Oil Market Price Effects. Abating carbon dioxide in Annex I countriba^^ 1
demand for oil, thereby lowering the price of oil. With lower oil prices, some hpn^Aiiribx I 
countries will consume more oil and increase their emissions relative to what they would have 
without the Annex I abatement policies.

Eneigy-lUit^iye Industiy ^gratjipn. Annex 1 abatement policies that increase the price 
of energy may provide an incentive for energy-intensive firms to relocate to non-Annex I

'• f ‘ ■ 0

: Increase in Non-Annex I Eihissioris Under Arihex I Trading

'■'V..,
■''V.v,.,

MERGE
(Manne and Richels)

MRT
(Charles River Assoc, s) (Shackleton et al)

325 MMTCE 115 MMTCE 55 MMTCE , ^ ^ ^

V
■Si

y
''*><■ lii;-; J.f.'r,, V.’./M... ‘.-.it/.'..V * I<■.■■.■‘11'/."-'*'.'‘■-'.'i' ■’ ................

‘ However, international emissions trading can eliminate leakage among all trading participants. An 
effective trading market that results in equal marginal costs of abatement across all participating countries 
also results in equal energy price effects in all participating countries. Thus, there is no economic incentive 
for energy intensive firms to relocate to another country participating in trading. A full global trading system 
would then eliminate leakage completely. Some economic analysis indicates that while the CDM would lower 
costs some to Annex I countries, the project-by-project approach does not equalize energy price effects across 
all participating countries, and would not eliminate leakage to developing countries.
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EL2 The ti^de-pfrbeiwe^^ stringency and gains from trade
■ \'V •.

The Adihihistration has stated in bilateral and multilateral meetings. Congressional tesllimomes; wd > 
other public fora that if developing countries adopt emissions growth targets and p^dpa^te iii 
international emissions trading, they can enjoy economic gains from trade. Among other issues, this

li
I Ifii

m&mmm Ifiii

Intamationally

'^gureV. lilil|g9ti^10 Maiglnd Aba

70 I

p I,, rrT'r>h[ I............ I ■ ■ ■. 1 I
I "p 5 10 15 20 25 30 35 40 45 50 ji

"Hv* ,Cart)on Dioxide Emission Reductions (MMTCE)
Ngl»:Fcr*npW^
dDMMtatodMiU

m»aw*Mferao

: vvv'^po;.::

As a numerical example of the effects of increasing the stringency of an emissions growth target, we
present results from some modeling scenarios of Annex I trading with China. These analyses assume
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that no other non-AM^x I countries participate in international emissions trading or the CDM. If 
other hoh-AmeiX I TOdhtries did participate in either flexibility mechanism, the world trad^ P”P® 
could be lower, resulting in lower gains from trade and a less stringent indifference target for China, r

Table 2 provides an illustration of the effects of emissions targets more stringent than BAU on China 
with Annex I plus China trading. A small reduction below BAU has no real effect bhitKe Ann
trading price, and thus no economic effects on the U.S. However, as the 
stringent the trading priceJnjapBafi«§fit!sa!tMg'^^^

Table 2. gififeSls of Various Chinese Emissions Targets with Annex I Trading
Epii^sions

/Target*
Permit
Price
(1997$/
ton)

Chinese
Emissions
Reductions

Chinese
Emissions
Sales
(MMTC)^

Chinese 
Gains fi'om 
Trade 
(1997$)

Increase in Total' 
U.S. Cost Relative 
to China BAU
Target

fiiiiii '0mM. $3.6bilUoh not applicable

ill''"'";"' $3.2 billion

wM.
*•

^235 $l4bilUoh' $1 3 billion

imm ifii© !3«:;.:: 172 $0 billion $4.2 billion
\ v employ the SGM BAIJ for China for the purposes of these calculations.
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nil stringency and proposed solutions ©
i
^IS
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proposals thb possit)iUy of sepai^ ‘‘effici^cy stody-ds’^fc>r individual sectors within an economy.) 

It is useful to distinguishifourproposals thrt appear in earlier memos. ,

^umiwmmiWAiM '

Mpiisa l»mti

(3) EPA approach (Special-case); For every percentage point that GDP in the years 2008-2012 
turns out to be higher (or lower) than forecast, the emissions target is raised (or lowered) by 
1%. (EPA phrases this as setting a number for the ratio of emissions to GDP; but that is the 
same thing.) The advantage relative to the CEA approach is it allows even more uncertainty-

8
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protectipi^ y/ith resp^ jtp in income in the years after 2007. The disadvantage is that
the c6unt^,d6es lipt il^d^/Kb^ many tons it is entitled to until the end of the budget period, which
could niake trading difiBcult.

tvo serious drawbacks:
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nL2 What greenhouse gases are necessary to include?

In the Kyoto Protocoil, Annex B countries have targets specified in terms of a basket of sa 
greenhouse gases. These targets include both emissions sources and sinks. While this compriene^tve y; 
approach provides more environmental benefits, it does increase the required effort apid 'c^st pf,, , 
inventorying greenhouse gas emissions. Many developing countries lack the monitoii^ 
to assess emissions of all six types of greenhouse gases. Must developing counti^,^iiwira|^^jei^ 
include aU greenhouse gases, or is a subset of the Annex A list of gases suflBcient^|||M|||g||||i|j||g| ■

In evaluating this question, it may be useful to consider several issues. -

Greater Climate Benefits. A developing country growth target set below what enussions 
would be othervrise for only one greenhouse gas (e.g., C02) would generate greater 
environmental benefits relative to a scenario where that country does not adopt a target.

M|®p0^j^jr/;;r!%appwsto:be,Btaepp^^
efforts to abate fossil foel-related carbon ^niiijsions '

of greenhouse gases. Moreover, efforts to abate carbon dioxide m 
fossulfiiel w have ancillary reductions of energy-related methane.

CO2 is Significant Majority of Greenhouse Gas Emissions. In the United States, carbon 
dioxide comprises 85% of all greenhouse gas emissions (weighted by carbon equivalence). 
Across Annex I, carbon dioxide is, on average, 80% of each country’s emissions. This trend 
appears tq hold for some non-Annex I countries as well. In 1990, carbon dioxide coinprised 
88% of Koreans emissions, 85% ofMexico’s enussions, and 85% ofKazakst^’sii^^ow^^^
In Argentina, carbon dioxide comprised 63% of 1990 emissions, with mietnt^yt^^ 
most of the rest. It appears that carbon dioxide dominates most countriesVeihi^(^yiwtH 

methane a distant second (depending on the extent and nature of agriculture)y;: Nph-Annex ’ V 
I countries have not reported their emissions of the synthetic gases in thieif national 
communications to date. It is not clear how revisions to the NjO emissions estimation 
methodology could affect estimates of non-Annex I countries’ emissions.

Land Use Change Could be Significant. Carbon dioxide emissions fi'om land use change 
in non-Annex I countries appear to be quite significant. Some estimate that by including land 
use change emissions, non-Annex I emissions exceeded Annex I emissions in 1994 
(Panayotou and Sachs 1998). Emissions from land use change in non-Annex I countries in 
1994 were more than one-fifth of global carbon dioxide emissions. Some statistical analysis 
indicates that countries’ land use change activities do not become net sinks, ceteris paribus, 
until per capita income exceeds $3,600.
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A Proposal for Developing Countries:
Participation in a “Target and Trade” System

L This analysis demonstrates that the gains will be substantial if developing , 
countries (a) accept binding targets at or slightly below their business as usu^/. / ;
(BAU) emissions levels, and (b) trade from their respective targets. We beliwe tbat 
participation in a “target and trade” system should be the cornerstone of oui^ 'V - 

international negotiations.

The economic and environmental rationale for such participation includes

Greater economic benefits to developing countries: With targets at or only 
slij^tly bielo>y B AU, developing countries would enjoy net gains of many billions of 
doMsVtHrbiiw^i^ iintematiohy sale of emission reductions achieved at lower cost

iiiiite''
*' ■''U.S.: Participation by developing countries in "

V interaatiph^ would greatly lower the costs to the U.S. of meeting
its Ky^tP twget ([as CEA testimony showed). In particular, costs would be lower 

than with trading among only Annex I countries.

• Greater environmental benefits: Targets slightly below business as usual would 
lower global emissions relative to a world with only Annex I targets. Further, 
reducing carbon dioxide emissions generates ancillary air quality benefits through 
lower pa:rticulate matter, sulfiar dioxide, and nitrogen oxides emissions.

• Target and trade yields greater benefits than CDM: While the Clean 
Development Mechanism will likely result in cost savings to the U.S. relative to a 
world with only Annex I trading, a system including effective target and trade of 
developing countries’ emissions would yield much greater cost savings to the U.S. 
and greater gains to developing countries than CDM. Further, target and trade 
could achieve environmental benefits not achievable by pursuing CDM, which only 
redistributes emissions geographically.

• The principle of full participation: Other rationale include the long-run benefits 
of including developing countries into global negotiations, for example, as 
recognized by the Byrd-Hagel resolution. By establishing participation now, 
further commitments might be feasible in future periods.



n. problem: To p^rsu^e a developing country vp/i/«/or/^ to adopt a target and Aisn to : ^ 
trade permits internationally, international agreement? must be structured to reduce the 
risk of inadvertent stringency and in particular to redpc^ the possibility of a target so 
stringent as to cause large economic Ips^ tb the d^dblfillrig ^phtry. ; ;; (y;

Preliminary Draft, Close Hold, Do Not Cite, Mardi 30,1998

. . ssedinawaylbatdepen
values of economic variables, such is Gi)P. --ri'-y-'r

Proposed Solution: Negotiations shculd focus on the ^tiihited lmsin^^ 
emissions level,''where this, level is expressed in a way that depends on

Rationale; Such targets would avoid the risk of inadvertent 'stringency associated 'Svith s'
higher than projected economic growth between ripW and the be^nning of the 
commitment period in 2008. Developing countries would face only the much smaller risk

reductipns in eini^sions) and the values of economic variables, when applied to 
emissionis’and Such variables during recent yeirs, shpuid predict emissions 
reasonably well and be without dehipnstrahle ,statistical bias, Rel^ that
give reasonably reliable predictions tedppe ^ risk of either inadvertent stringency 

or paper tons which could increase global emissions.

for developing countries toriripr^i^bmissibhS'^o:^\U>:fewe:hi0ier(itaig^^
•x' X • '■ ''V i'-''..f ' ‘ a ; ‘ i /;,VViV-commitment periods. For exathple, the tarjgetishpuld not depend on energy- - 

consumption in 2007, but could reflect pre-Kyoto emissions levels.
;• v;:

Predetermined Targets: To avoid uncertainty during the commitment period 
about the country’s target the target should not depend on contemporaneous 
values of economic variables. For example, the target generally should not vary 
with 2008 or 2010 GDP levels, but rather with 2007 GDP.
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EL Dlustratipn: One way of implementing the solution is described below. Other ways of 
implementing the solution may work as well or better. The conclusions are stated below; , 
the details of our work follow in appendix 3.

• Defining the business as usual level for a developing country as a function bj^Us i A i
GDP and population in earlier years and setting the emissions target at ^ ^^
yields a negligible risk of leaving the developing country worse off underlf^tj^'^wd f i 
trade because of inadvertent stringency. Even a target slightly below BMJ i^oiild ?; ' v; ; 
also yield negligible risk of leaving the developing country worse off i )

• Emissions targets for developing countries set below their business as usual 
emission level would of course result in gains from trade smaller than with a B AU 
target, while providing environmeptal benefits. The higher costs of a target set

the')i|rt|y^Vpi™fe;4byp|ppi%. cbuntiv;:;acpe^^^^^
1 andGHarts 1 thfoughS iUustmethesegam^

frbni Annex I trading.

Table 1. Illustrative Gains from Trade with Developing Countries that Target and Trade
Trading Scenario Permit Price* 

(1997$/ton)
Country
Gaining

Gains from Trade with 
Developing Countries

Annex I only $54. United Statps not applicable

Annex I + China $26

ppppp;p||||||
Annex I + India $47 Siii Sifliiiii

BBHii isisr
Annex I +
Mexico

$51

EBi» iBiil
‘ These scenarios do not account for the cost savings available through the Clean 
Development Mechanism and carbon sinks.
^ Gains from trade for the U.S. are estimated as the change in the U.S. total cost of 
complying with the Kyoto Protocol relative to an Annex I only trading regime.
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Chart 1. China’s 2010 Marginal Abatement Cost Curve and Gains from Trade

Gains from trade 
with cap at BAU: 
- $3.6 billion/year

Emiesions abated are 
about 20% of BAU

mmm:v
■:'n:]\'yy.r

Chart 2. India’s 2010 Marginal Abatement Cost Curve and Gains from Trade

Gains from trade 
with cap at BAU; 
~ $1.6 billion/year

Emissions abated are 
about 18% of BAU

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

.; ;•

Carbon Dioxide Emissions Reductions (MMTCE)
Source: SGM
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Chart 3. Mexico’s 2010 Marginal Abatement Cost Curve and Gains from Trade ;' '

Gains from trade 
with cap at BAU: 
-$0.9 billion

^missions abated are 
ab(kjt19^ofdAU

5;/ 10 15 20 25 30 35 40 45 50
Caifron Dioxide Emission Reductions (MMTCE)

SDunsiSGM

Appendix 1. Costs to the U.S. of Developing Countries Adopting Targets Below BAU

Regarding developing countries, most commonly discussed is the issue of fairness; what 
conunitments to reduce emissions should be made by countries whose econonuc resources; ;: ; ^ ;
differ substantially? Generally neglected, but discussed below, is the issue of efficiency. In' 
particular, what are the implications for U.S. costs of increasingly more stringent targets 
on emissions from key developing countries?

The environmental gains from emissions reductions below BAU come at the price not only 
of economic costs incurred by a developing country that adopts the below-BAU target, but 
also economic costs by Annex I. More stringent developing country targets raise U.S. 
costs by restricting the supply of permits in world markets and so raising the price of 
permits.

To assess the magnitude of this effect consider the target which just leaves a country no 
better off than no target at all. This “indifference” target is where the costs of meeting the 
target just equal the net gains from selling permits in world markets. Chart 4 illustrates
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gains from trade for a small country. For a target that is equivalent to a reduction from 
BAU of 17 MMTC, net gains from foreign exports are B, and the cost of meeting the 
target is C. Since B = C in this example, the net gains from trade are nil.

Chart 4. Illustrative 2010 Marginal Abatement Cost Curve and Indifference ‘

.Indiffaranca Cap

5 10 15 20 25 30 35 40 45 50
Carbon Dioxide Emission Reductions (MMTCE)

0

Note: For simplicity, this indifference target is illustrated for a country whose participation 
in world permit markets does not affect world permit prices.

Table 2 provides an illustration of the effects of emissions targets more stringent th^/B>^ 
on China with Annex I plus China trading. Note that a small reduction below BAU has no 
real effect on the Annex I trading price, and thus no economic effects on the U.S.
However, as the target becomes more stringent, the Annex I trading price increases, 
resulting in higher total costs of compliance for the U.S. If China accepts a target below 
BAU, the cost of this additional stringency to the U.S. -- essentially, the cost of supplying 
the environmental benefits associated with these emissions reductions — can become 
significant. Thus developing country participation in the form of acceptance of targets 
more stringent than business as usual will raise costs to the U.S.
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Emissions
Target*

Permit 
Price 
(1997$/ 
ton) ^.

Chinese , 
Emission^ 
Reductions;/

Chinese

(MMTG)^

Total Cost to
o:s:;pf'./ ■:
pnii^gwith

cost''ti5iij]Si}- 

of Addition^ ,
*

BAU ;$26r-.- Pitt ■///"

BAU-1% $26 m:\mm
BAU- 5% $29 304 |235Vi;':''tt' il4:9b $22/ton

IndiflFerence

' . \
isi

liiilmmmm-
00-R

’’i R‘.\i V:'jV

An ihil^^r(^!^cie'^ U.S) costs by $4.5 billion or 33%
relative to a BAU target for China. ■

If China accepts an emissionjs target requiring redpctipns of approximately 170 
MMTC belovk^ BAU, the ayera^p cpst tp/the ^ !$26/ton. This is not

more stnngent target

Appendix 2. Ancillary Environmental Benefits of Target and Trade in Deveip^ing : 
Countries

The voluntary reduction of greenhouse gas emissions by developing countries under a 
target and trade system will simultaneously reduce emissions of several pollutants, 
producing ancillary environmental and human health benefits in those countries. The 
environmental and health benefits that accrue to those developing countries are unlikely to 
be offset by decreases in environmental quality in the United States because of our 
stringent health-based air quality standards.
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A recent study in Lancet examines the emissions of one pollutant that are reduced along 
with carbon emissions: airborne particulate matter (PM). The study projects that by i020, , ,
a climate change policy scenario in which developing countries reduce emissions to 10% 
below their B AU could produce an annual reduction of 563,000 statistical deaths.

The analysis below adapts the predictions in the Lancet study to estimate the mo||^^.nsk: 
reduced fix>m participation by three developing countries (China, India, and 
target and trade system. These illustrative calculations take as given the enussioriSiv^y^:'/ 
reductions from BAU resulting from permit sales that are predicted by SGM. It Su^e^S^KHM 
that significant public health gains could result from developing country participation in r 
international carbon permit markets.

Table 3. The Effects of International Carbon Permit Trading on Mortality Risk Associated
vwth'tParticulate)Matter(Eimssiibns'j'Ui;;!>ti^w;'':;\^,o''':;i';';>,i:''<vf;-'

imiiisiiiiiiMiS
enu^ii^ris reduction

jSh^of;
,non-Annex I 
Ipppulatiori in 
2010

iAiihuaiPM
deaths avpided in 2010 by 
intematipnal carbpn permit 
trading

China^v;;;::'^ , 20% 23.7% 136,700

India 18% 20.3% 105,300

Mexico 19% 2.0% 19,700

Forideveloping cpuntries that are too “small’f to affect the \vorld pernu price, adopting A
carbon target more stringent than BAU and participating in international fra4o^O|^^ ( x ■ / :
yield additional ancillary benefits relative to a BAU target. Large countries, by Mbpttngy
targets below BAU, would raise the world price relative to a BAU target, and thereby;
achieve greater carbon emissions reductions and ancillary benefits.

C.a.ygats

Major assumptions beyond those in the Lancet article include:

• Deaths avoided in each non-Annex I country are proportional to the country’s 
share of non-Annex I population.

Deaths avoided are proportional to carbon emissions reductions.
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Each key developing country is the sole non-Annex I country to adopt a target and 
participate in international trading.

Appendix 3. Summary of Analysis 

A. Data siP
We have compiled data on 3 variables: emissions of carbon dioxide, GDP, and pppplhtiOn 
for 117 countries for the time period 1970-1992. The carbon dioxide emissions data, 
measured in millions of metric tons of carbon, are from the Carbon Dioxide Information 
Analysis Center (Oak Ridge National Laboratory, DOE). The GDP data, measured in 
1987 U.S. dollars, are from the WorjdBank. The population data, measured in thousands

cpiintiiies)^ those listed in Annex I. Our regression uses four non-
oveHappihg 5 yfear ihte^ for each country. Our forecasts include the country specific 

constants.

C. Results

The fixed effects regression we estimated is

Emissions = a GDP,., + b GDP,.2 + c Population,:, + y trend

Emissions are the natural logarithm of the five year non-overlapping average of carbon 
emissions. All independent variables are lagged. GDP,., is the log of the gross domestic 
product in the year prior to the first year in the emissions variable, GDP,_2 is GDP in the 
year two years prior to the first year included in the emissions variable, and population,., is 
the country’s population in the year prior to first year included in the emissions variable. 
Trend is one in the first 5 year period, and 2, 3, and 4 respectively in the subsequent 5 year 
periods. The useable data included 376 cross-section time series observations. The fixed 
effects regression used 98 degrees of freedom. The R squared was in excess of 0.99.



Preliminaiy Draft, Close Hold, Do Not Cite, March 30,1998

Table 4. Model I Results
Variable Name Coefficient Estimate Standard Error

GDP,» 0.9501823 0.2443047

GDP,, -0.411297 0.23894

Population,., 0.4836006 0.2055439

trend 0.0073712 0.0310638

As one illustration of the model’s accuracy in predicting emissions, consider the chart 
below that maps actual and predicted emissions using within sample data for ten selected 
developing countries. The predicted value is never more than 1/4 of one percent away

0.00%

-0.25%
73-77 78-82 83-87

China Mexico Inda Brazil Chile

X * ■ • ♦
Afgertina Israel S.Aftioa OostaRIca S. Korea

0 * □ + 0

y;):v
' ' ''y■'f-'■

88-92
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How should growth targets for developing countries be set?
Summary of tentative consensus

This is an attempt to summarize some ideas that have been favorably received, regarding how to 
formulate growth targets for developing countries (in the first budget period). It must be stated 
from the outset that nobody wants the USG to be aggressive in making this sort of proposal 
internationally, for fear of appearing to be trying to impose a rigid formula on others. Rather, the 
point is to collect our thoughts internally, to be used if we are asked, as appropriate.

There appears to be a consensus among the Assistant Secretaries group that the aim should be 
targets in a range where they are low enough to produce environmental advantages (including 
forestalling leaking, but perhaps also small cuts relative to BAU), while high enough that to 
produce economic advantages (in the form of gains from trade to both buyers and sellers). That 
happy range is bounded by BAU on the upside and the “indifference level” on the downside 
(estimated, e.g., at BAU-12% for China with one model). CEA results that extrapolate from the 
progressive pattern of existing targets observed among Annex B countries might help choose a 
“fair” point within that range (e.g., estimated at -5% for China).

There also appears to be a consensus that it might be advantageous to consider “indexation” 
arrangements to cope with uncertainty between now and the budget period, i.e., to reduce the 
chance that a numerical target that was thought ex ante to be in the middle of the range turns out 
ex post to be either inadvertently stringent (imposing large economic costs) or inadvertently lax 
(creating hot air).

There is now a consensus that indexation was preferable to trying to impose a common absolute 
emissions/GDP standard across countries.

A majority favors setting the numerical target in 2007, though EPA (David Doniger) favors 
continuing the indexation through the end of the budget period (2012).

All favor considering the idea of indexing the emissions target to GDP. There were a fair number 
of proposals for other variables to include in the formula in addition to GDP (population, 
temperature, coal production, oil prices, electricity output), either uniformly across countries or 
on a country-by-country basis. Some argued that it should be left to the discretion of the 
developing country to decide what economic and/or demographic variables best explain 
emissions. But each individual candidate for a variable to be added was strongly opposed by a 
number of people and arguments.

The most unsettled question was what X should be, in the formula to allow X% higher emissions 
for every 1% in unexpected growth.

There was also a proposal (Victoria Greenfield, State), that unexpected reductions in income be 
accorded Y% lower emissions, with Y<X.
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How should growth targets for developing countries he set?
Summary of tentative consensus

This is an attempt to summarize some ideas that have been favorably received, regarding how to 
formulate growth targets for developing countries (in the first budget period). It must be stated 
fi-om the outset that nobody wants the USG to be aggressive in making this sort of proposal 
internationally, for fear of appearing to be trying to impose a rigid formula on others. Rather, the 
point is to collect our thoughts internally, to be used if we are asked, as appropriate.

There appears to be a consensus among the Assistant Secretaries group that the aim should be 
targets in a range where they are low enough to produce environmental advantages (including 
forestalling leaking, but perhaps also small cuts relative to BAU), while high enough that to 
produce economic advantages (in the form of gains from trade to both buyers and sellers). That 
happy range is bounded by BAU on the upside and the “indifference level” on the downside 
(estimated, e.g., at BAU-12% for China with one model). CEA results that extrapolate fi’om the 
progressive pattern of existing targets observed among Annex B countries might help choose a 
“fair” point vrithin that rrnige (e.g., estimated at -5% for China).

There also appears to be a consensus that it might be advantageous to consider “indexation” 
arrangements to cope with uncertainty between now and the budget period, i.e., to reduce the 
chance that a numerical target that was thought ex ante to be in the middle of the range turns out 
ex post to be either inadvertently stringent (imposing large economic costs) or inadvertently lax 
(creating hot air).

There is now a consensus that indexation was preferable to trying to impose a common absolute 
emissions/GDP standard across countries.

A majority favors setting the numerical target in 2007, though EPA (David Doniger) favors 
continuing the indexation through the end of the budget period (2012).

All favor considering the idea of indexing the emissions target to GDP. There were a fair number 
of proposals for other variables to include in the formula in addition to GDP (population, 
temperature, coal production, oil prices, electricity output), either uniformly across countries or 
on a country-by-country basis. Some argued that it should be left to the discretion of the 
developing country to decide what economic and/or demographic variables best explain 
emissions. But each individual candidate for a variable to be added was strongly opposed by a 
number of people and arguments.

The most unsettled question was what X should be, in the formula to allow X% higher emissions 
for every 1% in unexpected growth.

There was also a proposal (Victoria Greenfield, State), that unexpected reductions in income be 
accorded Y% lower emissions, with Y<X.
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Fact Sheet
What’s happening to the climate?
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Climate Change in the last century:
- Global temperatures have increased between 0.3 and 0.6 degrees Celsius
- Sea levels have risen between 10 and 25 centimeters
- Experts believe these changes are unlikely to be entirely natural in origin

Estimated Climate Change over the next century:
“ Within a reasonable range of emissions scenarios, global temperatures are 

likely to increase between 1 and 3 degrees Celsius
- Sea levels may rise between 50 and 94 cm.
- Because of the temperature inertia of the earth, climate change would continue 

for some time even with drastic immediate action.

Why is it happening?

Four gases account for 99.5% of anthropogenic sources of greenhouse gases. 
They are, in descending order of importance, carbon dioxide, methane, nitrous 
oxide, and fluorocarbons. These gases remain in the atmosphere for a long time 
(decades to centuries).

Greenhouse gases have been accumulating: Atmospheric concentrations of 
GHGs have grown significantly (1750-1992): Carbon dioxide - 30%; methane 
145%; nitrous oxide — 15%.

Concentrations of Greenhouse Gases (parts per million)

Gas Preindustrial 1992 2100(upper bound,
(1750) business-as-usual)

Carbon Dioxide 280 358 650

Methane* - 43 77

Nitrous Oxide* - 92 119

Fluorocarbons 0 .04 .18
* in C02 Equivalent concentrations

\)



The US Situation
US responsible for 21% of global GHG emissions (25% of the C02 emissions from fossil 
fuel burning).

Breakdown of GHG Emissions:
By Gas (mnitce)
Carbon Dioxide 1406 
Methane 178
Nitrous Oxide 40

Bv Sector 
30% Utilities
27% Transportation (fastest growing)

Carbon Dioxide represents 86%o of the global warming potential of US emissions.

Emissions of Carbon by Energy Source:

Energy Source 
one metric ton coal 
one gallon motor gasoline 
Ibbl crude oil 
one mcf natural gas

Ayerage Carbon Produced fmetric tons of carbon) 
.63
.00267 SlW Oy
.119 
.0145

h
Emissions predicted to be 200 million metric tons (mmt) over 1990 levels by 2000

Economics of a Climate Change Policy

Effect of Carbon Tax, $100 carbon tax would increase, in the short run:
• gasoline - $0.27/gal (currently $ 1.14 for unleaded regular)
• coal — $63/ton (currently $27/ton CIF)
• petroleum ~ $ 12 per bbl (currently $ 17/bbl) ..
• natural gas -- $1.45 per 1000 cf (currently $2.04 at wellhead)

• electricity from coal-fired plants - $. 10/kwh (currently $.03/kwh)
• electricity from natural gas combined cycle (NGCC) - $.0035/kwh 

(currently $.040/kwh)

Energy Infrastructure Costs
Coal fired generating capacity in 1993 was 302,000,000 kw
Capital costs for NGCC plants is $500/kw, for coal fired plants is $ 142/kwh
Rough Estimate: Replacing 10% of coal fired plants with NGCC plants

Industries Most Affected by Reducing C02 Emissions
coal mining gas and oil producers agriculture
petrochemicals
utilities

steel
aluminum

automobile
cement



The Greenhouse Effect
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1950-1990: Cumulative CO2 Emissions from 

Fossil Energy and Cement Production

(jlobat Total: 583 ITllion 3 onncs CO^

u,s.
28%

FSU/E.EUR
23%

Other OECD 

28%

Source \l.iil.iiuli.7(//. (|U‘>5)



Annex I and Non-Annex I Fossil Fuel Carbon Emissions:
BAU

20.0
Annex I Emissions
Non-Annex I
Emissions in 2035
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Combined Land-Surface Air and Sea Surface Temperatures
Temperatures from 1861 to 1994 relative to 1961 to 1990
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9Precipitation and Drought Trends 

Over the Past 100 Years
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Current and Projected Ranges of Beech Trees in the U=S,
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Average Annual Excess Weather-Related Mortality for
1993,2020 and 2050 Climate

1500]

1250

New York City

Angeles

Sources: Kalkstein and Green (1997); Chestnut et al.(1995) GFDL89 Climate Change Scenario

Note: Includes both summer and winter mortality. Assumes full acclimation to changed climate
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A Brief Overview of Global Climate Change Issues 
30 May 97

Scientific consensus: There is now fairly v^de scientific consensus that anthropogenic global 
warming is occurring. While uncertain, the effects of climate change on crop yields, sea levels, 
disease patterns, and storm frequency could nevertheless be far-reaching. For the policy maker, 
climate change offers a somewhat imposing set of complications: the potential for irreversible 
damages or costs, a very long planning horizon, long time lags between emissions and effects, a 
global scope, wide regional variations, and multiple greenhouse gases of concern. This memo 
focuses on the economic impacts of climate change, with particular attention given to modeling 
the cost of achieving various mitigation goals and targets, the economic instruments available to 
lower greenhouse gas emissions, and the consequences on global climate change of non- 
compliance on the part of non-Annex I countries.

Timing: The U.S. is currently engaged in international negotiations concerning limits on 
greenhouse gas emissions with the goal of signing an agreement in Kyoto, Japan in December 
1997. Some key equity and efficiency issues will need to be addressed in a somewhat limited 
amount of time.

Modeling: Numerous models have been developed to examine the potential economic impacts of 
stricter greenhouse gas mitigation requirements. However, there is no clear consensus in the 
literature on what the economic impacts may actually be. Estimated global CO2 abatement costs 
relative to the baseline projection range from a 0.1% loss of GNP for a 14% reduction of 
emissions to a 5.7% loss of GNP for an 88% reduction of enassions. Studies of U.S. COj 
abatement costs relative to the baseline projection range from a 1.2% gain in GNP for a 21% 
reduction in emissions to a 10.9% loss of GNP for a 96% reduction in emissions. These results 
indicate a serious lack of consensus on the magnitude of the impact that anthropogenic warming 
will have on the domestic and international economy.

In a recent study by Stanford’s Energy Modeling Forum (EMF), researchers compared a diverse 
group of economic models employing different methodologies. Standardizing these models by 
assuming common exogenous parameters yielded remarkably similar results. This suggests that 
the choice of methodology is secondary to the choice of values for population growth, per capita 
income, energy intensity, and technical progress.

In particular, assumptions of the rate of improvement in the eiiergy/GDP ratio have caused some 
degree of controversy in certain economic impact models. Current studies typically focus on the 
rate of autonomous energy efficiency improvement (AEEI), which tends to be a good 
approximation of the rate of change in the energy/GDP ratio when energy prices remain relatively 
flat. Long term historical evidence suggests a number in the range of 0.5 to 1.0 percent per year. 
The modeling group (Interagency Analysis Team—lAT) believes that the announcement of a 
global warming accord and the need to meet these strict mitigation goals will prompt businesses 
to accelerate the implementation of energy efficient methods of production. This alleged 
“announcement effect” is incorporated in these models by assuming a rate of improvement in the 
energy/GDP ratio of between 1.25 and 1.75 percent per year. This more closely approximates the



1973 to 1985 average in the U.S. of 2.0 percent per year, which provides the modelers with a 
justification for using a relatively high value of energy/GDP. However, after adjusting for the 
quadrupling of energy prices over that time period, the implied AEEI from 1973 to 1985 becomes 
0.5 percent. This weakens considerably the assumption that energy/GDP falls in a range of 1.25 
to 1.75 percent per year.

Goals and Targets (emission budgets): Two key terms are floating around in the discussions to 
set mitigation goals and targets. The first is the level of greenhouse gas emissions, which is a 
flow. The second is the level of greenhouse gas concentrations, which is a stock. It is important 
to note the difference in the implications of the two measures. For a long time now, the 
concentration of greenhouse gases in the earth’s atmosphere has been increasing. This comes 
from a past flow of emissions above the implied steady state flow necessary to maintain a stable 
climate. In order to bring the concentration of greenhouse gases down to what scientists consider 
a more environmentally stable level, it becomes necessary to decrease current emissions well 
below the steady state rate.

Many different emission reduction requirements have been suggested. A recent Dutch proposal 
would cut EU emissions of six greenhouse gases to 10% below 1990 levels in 2005 and to 15% 
below 1990 levels by 2010. Similar plans have been proposed for the U.S., with the Climate 
Change Action Plan (CCAP) designed to reduce domestic emissions to 1990 levels by the year 
2000. Some analysts point to a need for designing a mitigation proposal capable of providing 
some degree of equity across countries. It has been suggested that industrialized countries be 
required to decrease their level of energy/GDP while permitting developing countries to increase 
this same measure. However, it becomes increasingly difficult at the global level to incorporate 
high levels of both efficiency and equity into any mitigation proposal.

Economic Instruments: It is clear that a desire to lower greenhouse gas emissions necessitates 
the creation of certain economic incentives for the U.S. as well as for the rest of the world. 
Economic instruments available to achieve the required reductions in emissions range from simple 
command and control mechanisms to carbon taxes to a system of tradable permits. ’ For a global 
treaty, a tradable permit system that is subject to enforcement is the only potentially cost-effective 
arrangement where a dictated level of emissions is attained with certainty. It is widely believed 
that a choice of tradable permits at the international level would provide maximum flexibility for 
instrument choice at the domestic level.

Non-Annex I Cooperation: Considerable scientific evidence suggests that no single country is 
sufficiently important or powerful enough to control global carbon emission in the short term or in 
the long run. If non-Annex I countries (those countries not characterized by advanced 
industrialized economies) do not alter their emissions path, global emissions levels will continue to 
increase even if all industrialized countries completely eliminate all emissions. This situation is 
exacerbated by the fact that, if controls of some sort were adopted only in the industrialized 
countries, “dirty” industries would migrate to the non-Annex I nations. Clearly, the U.S. would 
bear the costs of eliminating domestic CO2 emissions but global emissions would continue to rise 
without cooperation from non-Annex 1 countries.



Common Economic Perspectives on Climate Issues:

Many economists believe that the risks posed from global climate change are a real. But given 
the level of uncertainty surrounding the predictions, they also argue that it seems best to proceed 
pragmatically-taking out a small insurance premium (i.e., carbon tax) as we learn more about the 
magnitude of climate change, its translation into changes in climates around the globe, and the 
impacts of those climate changes on human welfare and natural environment. The key features 
that most economists agrees with are:

1. The relevant economic and physical processes operate globally and over decades rather 
than years. Few observers foresee substantial climate change for at least several 
decades, after emissions and atmospheric concentrations have increased substantially.
Most plausible emissions scenarios involve a significant human-induced increase in 
climate change over the next century, with much of the increase coming from emissions of 
countries that are not now wealthy.

2. Important and probably long-lived uncertainties are ubiquitous. There are numerous 
unanswered questions about the biophysical systems, potential thresholds, and economic 
impacts. We do not know which regions will get warmer, which will cooler; which will 
get wetter, which will get drier; which will get stormier; which will get calmer.

3. The climate issue involves potentially huge stakes, both economic and environmental.
It would be mad to experiment with the survival of the human race. However, models 
predict annual costs on the order of several percent of world income, dwarfing the
costs of reversing the ozone hole (CFCs). Developed countries are looking at 1-2% drop 
in GDP; developing countries will not agree to transform their energy sectors unilaterally 
given that it will reduce that rate at which they could increase per capita wealth. The 
developing countries face health risks from poor drinking water and malaria right now that 
demand their immediate attention. Economic growth is the main engine to reduce these 
real risks happening today. ^

4. Analyses of globally optimal climate policies generally do not support imposing 
burdensome emission reduction policies over the next decade or so, though very stringent 
policies may be optimaLthereafter. Since damages seem to depend on long-term 
concentrations, the argument for an optimal emissions reduction path is we should start 
off slow and then drop like a stone. The rationale is that in the future we will know more 
about the consequences of our actions, we will have developed cheaper abatement 
methods, we will have had time to invest to prepare for their use, and we will be wealthier.

5. Any serious program to control global emissions is almost certain to involve substantial 
international transfers, the pattern of which may change over time. The modeling runs 
suggest that with a trading system the US will be buying over $ billion dollars worth of 
permits from the former Soviet Union. Congress may not look kindly on this size 
transfer.



6. Whatever the merits of the case for doing so, there is currently little political support for 
devoting substantial resources to the issue, and there is no obvious reason to expect this 
to change anytime soon. Convincing the public that a $0.25-$0.40 increase in gas prices 
is a good idea will be a significant challenge.



LETTERS TO NATURE

Economic and environmental 

choices in the stabilization of 

atmospheric CO2 

concentrations
T.M.L WIgley% R. Rlchelsf & J.A. Edmondst

• University Corporation for Atmospheric Research, PO Box 3000, Boulder, 
Colorado 80307-3000, USA
t Electric Power Research Institute, PO Box 10412, Palo Alto, California 
94303, USA
t Pacific Northwest Laboratory, 901 D Street, SW, Suite 900, Washington 
DC 20024-2115, USA

The ultimate goal of the UN Framework Convention on Climate 
Change is to achieve “stabilization of greenhouse-gas concentra­
tions. . .at a level that would prevent dangerous anthropogenic 
interference with the climate system”. With the concentration 
targets yet to be determined, Working Group I of the Intergovern­
mental Panel on Climate Change developed a set of illustrative 
pathways for stabilizing the atmospheric CO2 concentration at 
350, 450, 550, 650 and 750p.p.m.v. ove'r the next few hundred 
years'-^. But no attempt was made to determine whether the 
implied emissions might constitute a realistic transition away 
from the current heavy dependence on fossil fuels. Here we devise 
new stabilization profiles that explicitly (albeit qualitatively) 
incorporate considerations of the global economic system, esti­
mate the corresponding anthropogenic emissions requirements, 
and assess the significance of the profiles in terms of global-mean 
temperature and sea level changes. Our findings raise a number 
of important issues for those engaged in climate-change policy 
making, particularly with regard to the optimal timing of mitiga­
tion measures.

The IPCC Working Group I (WGI) concentration profiles 
(S350-S750; Fig. 1) were constructed under the following con­
straints: (1) prescribed initial (1990) concentration and rate of 
change of concentration; (2) a range of prescribed stabilization 
levels and attainment dates; and (3) the requirement that the implied 
emissions should not change too abruptly. Inverse calculations
240
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FIG. 1 Top, IPCC WGF-^ (dashed lines) and revised concentration profiles 
(WRE (this paper), solid lines) for stabilization of CO2 at 350-750 p.p.m.v. 
Bottom, implied anthropogenic emissions using the model of Wigley^. IS92a is 
shown (thicker line) for comparison. Emissions were calculated following 
the procedure in ref. 1 in which the terrestrial biosphere sink is characterized 
solely by CO2 fertilization of net primary productivity. The implications of 
using CO2 fertilization as the sole terrestrial sink are discussed in ref. 4. The 
post-1990 inverse calculations were initialized by specifying a value for the 
1980s-mean net deforestation (D„80s). This determines the magnitude of 
the CO2 fertilization factor. In the calculations in refs 1 and 2, D„80s was 
taken as 1.6 GtCyr~^ This value has subsequently been revised downwards 
to l.lGtCyr"' (ref. 2), the value used here. Other minor budget changes 
have been made to accord with most recent data.
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were then used to determine the emission rates required to 
achieve stabilization via the specified pathways. These show that 
stabilization requires an eventual and sustained reduction of 

missions to substantially below current levels. Furthermore, 
some have interpreted the results for the IPCC pathways to 
imply that an immediate reduction in emissions (relative to the central 
IPCC “existing policies” or “business as usual” emissions scenario, 
IS92a^) is required to achieve any of the stabilization targets.

The WGI analysis was not intended as a recommendation for 
policy, but it will be carefully scrutinized for its policy implications. 
Consequently, it is important to understand what the analysis does 
and does not tell us. The first conclusion of the IPCC analysis, that 
meeting any of the prescribed targets will require emissions to 
decline eventually to levels well below today’s, is robust. One 
cannot conclude from the WGI results, however, that an immedi­
ate reduction in emissions is required if we are to stabilize 
concentrations at 750p.p.m.v. or below. The WGI emissions 
results correspond to just one of a range of possible pathways 
toward a particular concentration target. Stabilization at the same 
level, via different concentration routes, would produce different 
emissions.

What therefore are appropriate criteria for selecting a concen­
tration (and hence emissions) time-path? Some guidance is found 
in the Framework Convention itself. Article 3 states that “policies 
and measures to deal with climate change should be cost-effective 
so as to ensure global benefits at the lowest possible cost”. Thus, if 
two paths were indistinguishable in terms of their environmental

IS92a
BAU to 2020
BAU to 2010 (WRE 550)

BAU to 2000

3 O 400

FIG. 2 Comparison of different concentration pathways (top panel) and 
implied emissions (middle) for stabilization of COj levels at 550 p.p.m.v. in 
AD 2150. The pathways are: the original IPCC WGI S550 case‘; the revised 
profile shown in Fig. 1 based on following BAU background emissions for 
20 years, from 1990 to 2010 (WRE 550); and alternative revised profiles in 
which BAU is followed by 10 (BAU to 2000) or 30 years (BAU to 2020). The 
bottom panel shows the corresponding cumulative emissions. IS92a values 
are shown for comparison (thicker dashed lines).

implications, then the path with the lower mitigation (that is, 
emissions reduction) costs would be preferred. If two paths 
differed in terms of their environmental impacts, the issue 
becomes one of balancing benefits and costs. Here we examine 
alternative pathways for meeting the prescribed concentration 
targets. We then consider both the economic (costs) and environ­
mental (benefits) implications of choosing one concentration 
trajectory over another.

In revising the IPCC WGI profiles, we add an additional 
constraint to the three noted above: that the resulting emissions 
trajectories initially track a ‘business as usual’ (BAU) path. This is 
an idealization of the assumption that the initial departure from 
BAU would be slow. We also assume that the higher the con­
centration target, the longer the adherence to BAU. This pro­
duces quite different concentration pathways, complementing the 
ones defined by IPCC WGI.

If we constrain emissions to follow BAU initially, the required 
concentration paths must depend on what we assume for this 
baseline scenario. We concentrate here on results for the central 
IPCC scenario (IS92a’). A higher baseline (such as IS92e or f) will 
lead to higher initial emissions. For a lower baseline such as IS92c, 
the task of stabilization of CO, concentrations at a level around 
500 p.p.m.v. would require little action^ To derive the new 
profiles, we followed IS92a concentrations for 10-30 years and 
then fitted a smooth curve to the stabilization levels and dates used 
in ref. 1, using the same Fade approximant method. Figure 1 
compares the new profiles with the WGI profiles. Further details 
are given in ref. 4.

The emissions implied by these new pathways (Fig. 1, lower 
panel) were obtained using the model of Wigle/. Although the 
precise values are model-specific, as shown by the inter-model 
comparisonof Entingef a/. ‘, the qualitative character of the results 
and the relative differences in emissions due to concentration 
pathway differences are not.

The WGI analysis suggests that an immediate departure from 
the BAU path is required to meet all CO, concentration targets. 
Figure 1 shows that this is not so for concentration targets of 
450 p.p.m.v. and above. Furthermore, for targets of 550 p.p.m.v. 
and above, the maximum rates of emissions decline are similar in 
both the new and WGI cases (but more prolonged in the former).

Figure 2 compares the old (WGI) and new results in more detail 
for the 550 p.p.m.v. stabilization case, and assesses the sensitivity 
of the results to the length of the interval over which BAU 
emissions are followed. The upper panel shows the WGI pathway 
and revised pathways following BAU for 10, 20 and 30 years (the 
20-year case is that considered earlier). The emissions differences 
(middle panel) are striking in terms of the implied carbon intensity 
of the global energy system in the early decades of the next 
century. The different cumulative emissions pathways diverge 
initially and then become nearly parallel as one approaches and 
moves beyond the stabilization point (ad 2150 in this case). 
Cumulative emissions are noticeably higher in the cases that 
follow IS92a initially (a result that applies to all stabilization 
levels). This is because the products of early emissions have a 
longer time to be removed from the atmosphere, and because the 
associated higher concentrations give stronger oceanic and ter­
restrial sinks. Thus, later emissions reductions allow greater total 
CO2 production, particularly for higher stabilization levels. These 
cumulative emissions differences, not considered by IPCC^ may 
have important economic implications.

We now turn to how mitigation costs might vary with the choice 
of concentration profile. The rising emissions baseline that we use 
corresponds to an assumption that, in the absence of policy 
intervention, CO; emissions will continue to grow. This is con­
sistent with the overwhelming majority of studies recently 
reviewed by the IPCC’. The implication is that stabilizing con­
centrations will entail some positive mitigation costs. A growing 
baseline, however, does not imply the absence of “no regrets” 
emissions reduction options (that is, with zero or negative miti­
gation costs). Such options are typically included in sizeable

G
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FIG. 3 Global-mean temperature (upper panels) and 
sea level changes (lower panels) for the S550 and 
WRE550 concentration stabilization pathways shown 
in Rg. 1. Results are from the models used in ref. 17, 
using the latest IPCC WGI estimate of the radiative 
forcing to 1990 and best-guess values of the climate 
sensitivity and ice-melt model parameters. Sea level 
changes include the contributions from oceanic ther­
mal expansion, and ice melt from the world’s glaciers 
and small ice caps, Greenland, and Antarctica. For the 
left panels, SOj emissions are held constant at their 
1990 level. For the right panels, the effects of changes 
in anthropogenic SOj emissions (S) are added, with 
these changes directly coupled to those of fossil 
CO2 emissions (F; values from Rg. 1) using 
S = (S(1990)/F(1990)]F. Ih both cases, the effects 
of non-COj greenhouse-gases are accounted for by 
scaling CO2 forcing by 1.33, the mean scaling for the 
IS92 emissions scenarios (compare ref. 21).

COUPLED S02/C02 EMISSIONSCONSTANT S02 EMISSIONS

IPCC IPCC

COUPLED S02/C02 EMISSIONSCONSTANT S02 EMISSIONS

WREWRE

IPCCIPCC

2250 23002250 2300 2100 21502100 2150

quantities in most economic analyses’*. A growing baseline only 
means that economically competitive low-carbon alternatives are 
in insufficient supply to arrest future growth in carbon emissions. 
Conversely, if one were to assume that there are ample no-cost 
options to produce a falling emissions baseline, stabilization 
would entail little if any mitigation costs’.

Several analysts have studied how mitigation costs might vary 
with the timing of the emissions reductions. For example, Nord- 
haus'° and Manne and Richels" have identified cost-effective 
mitigation strategies for meeting a range of concentration targets. 
These studies show that to maintain cost-effectiveness, emissions 
tend to adhere longer to BAU the higher the concentration target 
(as assumed a priori here). Richels and Edmonds'^ in examining 
alternative emissions reduction pathways for stabilization at 
500 p.p.m.v., found that the pathway can be just as important as 
the concentration stabilization level in determining the ultimate 
cost. Pathways involving modest reductions below a BAU scenario 
in the early years followed by sharper reductions later on were 
found to be less expensive than those involving substantial reduc­
tions in the short term. A similar conclusion can be found in 
Kosobud et al.

Viewing the stabilization issue as a carbon budget allocation 
problem helps explain why concentration pathways with higher 
near-term emissions have lower overall mitigation costs. Because 
cumulative emissions are approximately independent of the con­
centration pathway, for each stabilization level there is, roughly, a 
fixed allowable amount of COj to be released. The basic choice is, 
therefore, how this budget is to be allocated over time. From this 
perspective, the reasons for drawing more heavily on the budget in 
the early years are: (1) Positive marginal productivity of capital. 
With the economy yielding a positive return on capital”, the 
further in the future an economic burden (here, emissions reduc­
tion) lies, the smaller is the set of resources that must be set aside 
today to finance the burden. (2) Capital stock. Stock for energy 
production and use is typically long-lived (for example, power 
plant, housing and transport). The current system is configured 
based upon a set of expectations about the future. Unanticipated 
changes will be costly. Time is therefore needed to reoptimize the 
capital stock. (3) Technical progress. There is ample evidence for 
past and potential future improvements in the efficiency of energy

242

supply, transformation and end-use technologies. Thus, the avail­
ability of low-carbon substitutes will probably improve and their 
costs reduce over time. In addition, as the emissions budget will be 
somewhat larger (that is, greater cumulative emissions) for path­
ways with higher emissions earlier, dependence on higher-cost, 
carbon-free alternatives is reduced.

We must stress that, even from the narrow perspective of a cost- 
effectiveness analysis, our results should not be interpreted as 
suggesting a “do nothing” or “wait and see” policy. First, all 
stabilization pathways still require future capital stock to be less 
carbon intensive than under a BAU scenario. As most energy 
production and use technologies are long-lived, this has implica­
tions for current investment decisions. Second, new supply options 
typically take many years to enter the market place. To ensure 
sufficient quantities of low-cost, low-carbon substitutes in the 
future requires a sustained commitment to research, development 
and demonstration today. Third, any available “no regrets” 
measures for reducing emissions should be adopted immediately. 
Last, it is clear from Fig. 1 that one cannot go on deferring 
emissions reductions indefinitely, and that the need for substantial 
reductions of emissions is sooner the lower the concentration target.

It is, of course, also important to examine the environmental 
consequences of selecting one concentration or emissions trajec­
tory over another. This is because different concentration path­
ways imply, not only different emissions reduction costs, but also 
different benefits in terms of averted environmental impacts. In 
benefit-cost analyses of climate change policy options, it is 
common to use global-mean temperature and sea level rise as 
coarse indicators of the extent of climate impacts” '*. We there­
fore calculate how these indicators are affected by differences in 
the pathways to stabilization at an atmospheric CO2 concentration 
of 550 p.p.m.v., based on the model of Wigley and Raper'* '’. We 
first consider the direct effects of greenhouse-gas concentration 
changes, and then how these results may be modified by SO, 
emissions. All results use the central IPCC-recommended esti­
mate of climate sensitivity'* (2.5 °C equilibrium global-mean 
warming for a doubling of atmospheric CO, levels) and best- 
guess ice-melt model parameters'’.

Figure 3 (left panels) shows that, if greenhouse gases alone are 
considered, both temperature change and sea level rise would be
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noticeably affected by the choice of pathway towards stabilization 
at 550p.p.m.v. These results, however, depend critically on how 
SO, emissions are assumed to change in the future. For the 
greenhouse-gas-alone case, we have assumed these emissions to 
remain constant at their 1990 level. As an alternative, we also 
consider a case where SO, emissions are closely coupled to fossil- 
fuel-derived CO, emissions. This case is consistent with the IPCC 
(IS92) emissions scenarios, except for IS92d, out to at least 2050 
(ref. 3). It could occur if developing countries were less successful 
than developed countries in decoupling SO, and CO, emissions. In 
global-mean terms, SO2/CO, emissions coupling leads to compen­
sation between the reduced warming from reduced CO, emissions 
and an increased warming due to reduced SO, emissions'’-^.

To demonstrate the significance of this link, we give a specific 
example. This example is not meant to provide quantitative 
information on environmental impacts (which, for climate 
change, cannot be achieved through global-mean temperature 
alone), but to draw attention to aerosol influences as a critical 
factor in assessing the benefit-cost balance. Figure 3 compares 
global-mean temperature and sea level results for constant SO2 
emissions (left panels) with those for directly coupled CO, and 
SO, emissions (right panels). With SO, coupling, the lower- 
emissions case (S550) actually has warmer temperatures out to 
around 2040. This is because the much shorter lifetime of aerosols 
leads to a more rapid radiative forcing response to SO2 emissions 
changes than to CO2 emissions changes, allowing the former to 
dominate initially (compare refs 19,20). For sea level, coupling has 
a similar but less marked effect.

The market (for example, agriculture, timber and fisheries) and 
non-market (for example, biodiversity, environmental quality and 
human health) implications of these results are unclear: do path- 
way-related differentials up to ~0.2 °C in global-mean tempera­
ture and 4 cm in global-mean sea level change translate into 
significantly higher damages and, if so, are these large enough to 
offset the reduced cost of a more economical transition away from 
fossil fuels? The answer depends on the regional details associated 
with these changes, and the sensitivities of impact categories to 
changes in important climate variables. Both aspects are highly 
uncertain. Nevertheless, it is clear that the choice of emissions 
path requires the consideration of both costs and benefits. □
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A Brief History of the Administration Position on Global Climate Change

1. Global Climate Change. Growing concentrations of greenhouse gases are believed to 
result in global climate change. The possible risks include loss of coastal areas from rising sea 
levels; changes in rainfall and agricultural productivity; and an increased incidence of diseases 
such as malaria, yellow fever, and cholera. Carbon dioxide (C02) accounts for approximately 
86% of the total global warming potential of all U.S. anthropogenic emissions not covered by the 
Montreal Protocol to protect stratospheric ozone. Combustion of fossil fuels, primarily coal and 
oil, is the main source (85% of all emissions).

2. Climate Change Action Plan. In June 1992, the United States signed the Framework 
Convention on Climate Change whose primary objective is to stabilize “greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic 
interference with the climate.” In October 1993, President Clinton announced the 
Administration’s Climate Change Action Plan (CCAP) with a goal of stabilizing U.S. 
anthropogenic emissions of greenhouse gases at 1990 levels by 2000 . The plan blends market 
incentives, voluntary initiatives, research and development, improved regulatory frameworks. 
Voluntary programs include the Green Lights program to improve lighting efficiency and Climate 
Challenge program to inventory emissions by utilities. The US is not on target to achieve this 
CCAP goal, emissions are predicted to be about 200 million metric tons (mmt) over 1990 levels 
by 2000.

3. Wirth’s Statement. In July 1996, Under Secretary of State Tim Wirth expressed concern 
that the Convention goals were not being met and announced that the “United States recommends 
that future negotiations focus on an agreement that sets a realistic, verifiable and binding medium- 
term emissions target.” Wirth also called for the use of “market -based solutions that are flexible 
and cost-effective.” The Administration also stated at this time that the call for binding targets 
does not imply that it is abandoning voluntary programs under the CCAP.

4. The Kyoto Treaty. Negotiations to amend the Rio Treaty or to sign a protocol are 
scheduled for completion by December 1997. The U.S. issued a position paper for the latest 
preparatory meeting (December, 1996) which expands on the Wirth’s July 1996 statement. The 
major points were:

(1) The need to examine an international greenhouse gas emissions trading system 
among annex I (OECD plus former Soviet block) countries.

(2) Joint implementation (projects that reduce emissions below baseline in host 
country which are credited to the target of the partner country) between annex I 
and the rest of the world.

(3) The need for a concerted global effort that eventually would mean targets for all 
countries.

(4) Support for multi-year, rather than single year, targets.
(5) Urge consideration of a right to bank and borrow permits.



5. Interagency Analysis Team (lAT). Since last fall the Interagency Analysis Team 
(lAT), chaired by Ev Ehrlich, Undersecretary of Commerce, has been modeling the economic 
impacts of alternative options for the Kyoto treaty. Three models were used to compare two 
basic cases:

The base case — i.e., with no new policies.

The climate treaty case, in which the U.S. caps total greenhouse emissions, and 
then allows domestic firms to trade rights to emit carbon (“cap and trade”), with 
several variations.

Variations examined to date include:

--cap U.S. emissions at 1990 levels by 2010; hold emissions constant after that;
—cap U.S. emissions at 1990 levels by 2010, plus or minus 10 percent;
-cap U.S. emissions at 1990 levels by 2020;
—auction permits, or give them to existing emitters (“grandfathering”);
-use auction proceeds to reduce the deficit or to reduce business and personal taxes; 
—allow no trading, trading only within Annex 1, or worldwide trading.

The modelers have produced comparisons of several variables: levels of GDP, of real 
consumption, fuel consumption and price by fuel type, and price of carbon permits. The variable 
most likely to be displayed is the price of carbon permits (the implicit tax on carbon), together 
with changes in price of different fuels.

For example, to stabilize emissions at 1990 levels in 2010, one of the models (SGM) calculated 
the following permit prices ($1995) per ton of carbon for the year 2010:

—rate of energy efficiency improvement— 
base case very fa^t
110 57
96 55
n/a 19

The same model calculates that permit prices in Western Europe would be about three times as 
high for each variation.

U.S. stabilizes without trading
with Annex 1 trading only 
with worldwide trading

Speed of technical change. CEA and Treasury have been concerned for some time that the I AT 
is assuming very fast technical change in its modeling of climate control costs. We believe the 
chosen range is much higher than the historical evidence can support. In the base case, the 
energy/GDP ratio improves at one percent annually, which we believe is on the high side of 
historical experience; econometric estimates of the rate of energy efficiency improvement, apart 
from price effects, range from 0.5 to 1.0 percent annually. In the policy cases, the energy/GDP 
ratio improves at 1.25 to 1.75 percent annually.

Announcement effect. The lAT asserts that the rate of energy efficiency improvement will jump 
from 1 percent to 1.25 percent annually solely because of the “announcement effect”—i.e., merely



from the government’s announcement of a policy. The idea is that once the U.S. signs a treaty 
limiting carbon emissions, more money will flow into R&D on energy efficiency. This assumption 
means that we will reach one-third of our reduction goal for free. Most economists, however, 
would say that people will not respond .to an announcement unless they believe it would be costly 
not to. People may very well invest more in innovation, but at some cost. Treasury and CEA staff 
have sent a memo to Ev Ehrlich asking that the models also be run using rates of technical change 
consistent with historical evidence.

Emission banking and borrowing. An efficient trading program requires when and where 
flexibility. This means emission banking, allowing firms save or borrow emission credits. A 
minimum-cost control path would allow higher emissions in the near term in exchange for lower 
emissions later. In contrast, an early-action control path is expensive for three reasons: it requires 
the premature retirement of the capital stock, it fails to take advantage of technological changes, 
and it crowds out other productive investment. Unfortunately, intertemporal trading has not been 
discussed recently, and no longer seems to be on the agenda. Jeff Frankel has pressed the idea of 
emissions windows rather than single-year targets. If the window is wide enough, this is 
equivalent to emissions banking.

6. Statement by Arrow, Solow, Nordhaus, et al. During the lAT modeling effort, on 
February 13, the press carried a story that 2000 economists, including six Nobel laureates, signed 
a statement supporting measures to reduce the threat of climate change. The statement endorses 
conclusions from last year’s report by the Intergovernmental Panel on Climate Change (IPCC), 
that governments should take steps to reduce the threat of damage from global warming, that 
proper policies can significantly reduce greenhouse gas emissions without harming the American 
economy, and that market-based policies can significantly lower the costs of control. Some 
within the Administration have claimed that this statement endorses the Administration’s position. 
In fact, the statement is far more general than the Administration’s position.

ECONOMISTS' STATEMENT ON CLIMATE CHANGE

“We the undersigned agree that:

I. The review conducted by a distinguished international panel of scientists 
under the auspices of the Intergovernmental Panel on Climate Change has 
determined that "the balance of evidence suggests a discernible human 
influence on global climate." As economists, we believe that global climate 
change carries with it significant environmental, economic, social, and 
geopolitical risks, and that preventive steps are justified.

II. Economics studies have found that there are many potential policies to 
reduce greenhouse-gas emissions for which the total benefits outweigh the 
total costs. For the United States in particular, sound economic analysis 
shows that there are policy options that would slow climate change without 
harming Anerican living standards, and these measures may in fact improve



U.S. productivity in the longer run.

III. The most efficient approach to slowing climate change is through 
market-based policies. In order for the world to achieve its climatic 
objectives at minimum cost, a cooperative approach among nations is required 
— such as an international emissions trading agreement. The United States 
and other nations can most efficiently implement their climate policies 
through market mechanisms, such as carbon taxes or the auction of emissions 
permits. The revenues generated from such policies can effectively be used to 
reduce the deficit or to lower existing taxes."



Development of US Position on Specific Issues
(Only major changes to the US position are noted.)

Date/
Event

Flexibility 

(JI & Trading)
Non-Annex I 

Involvement
Emissions Budgets

June 1992
Signing of 
FCCC

Developing nations should 
(voluntarily & with Annex I 
support) begin monitoring 
and reporting.

April 
1995 
COP-1 & 
Berlin 
Mandate

No new commitments, will 
work to implement current 
commitments. Agreement 
specifies that no new 
commitments will apply to 
non-an. I nations, but that 
negotiations on new 
commitments will begin after 
work on BM is completed.

Oct. 1995 
AGBM-2

Idea introduced. The US 
urged Parties to consider 
approaches which “could 
provide parties with greater 
flexibility in where 
emissions are reduced... 
Examples of such 
approaches include multi- 
perty emissions objectives, 
coupled with emisssions 
trading or joint 
implementation...”

US seeks to recommend ways 
all parties can become 
involved. “We do not intend 
through our proposals here to 
suggest any new commitments 
on the part of developing 
countries. ... What we would 
like to do, however, is to 
examine what the existing 
commitments imply -- and to 
recommend ways in which all 
parties can move toward a 
more successful set of 
actions...” Mostly dealing 
with identifying JI projects and 
reporting/monitoring.

Idea first introduced 
“An alternative approach that 
the U.S. urges the parties to 
consider would be to establish 
a limit on total emissions over 
a specified period. ... In 
connection... it would be 
useful to consider whether to 
provide an incentive for early 
reductions, and if so, how.” 
(US Statement, Agenda item 
3(b))

TIMELINE.DOC 6/17/97



Date/
Event

Flexibility 

(JI & Trading)
Non-Annex I 

Involvement
Emissions Budgets

March
1996
AGBM-3

“The inclusion of [several 
FCCC articles]... 
underscores the agreement 
among parties that any 
future step must provide 
flexibility in 
theimplementation of 
obligations.” (March 6 US 
Intervention)

US insists all parties need to 
be involved at some point in 
the process. “Advancing the 
implementation of Parties’ 
commitments under Article 4.1 
entails more than reporting on 
their current activities. The 
US believes there is a 
tremendous potential for all 
countries, including 
developing countries, to 
further their objectives for 
economic development and 
growth and to protect the 
earth’s climate system...”

July 17,
1996
COP-2

Binding targets 
conditional on flexibility. 
“... the medium-term target 
must be met through 
maximum flexibility in the 
selection of implementation 
measures, including the use of 
measures such as reliable 
activities implemented jointly 
and trading mechanisms - 
around the world.” (T. Wirth)

Reaffirmed.
“While we recognize that 
developed countries have the 
responsibility to lead, we also 
believe that this effort must be a 
parmership with all nations. We 
stand ready to continue our 
efforts to provide technical 
expertise to work with developing 
countries to reduce GHG 
emissions, and to continue the 
partnership we have developed 
with many.” (T. Wirth statement)

Dec, 1996 
AGBM-5

“The US believes that the 
target set in the next step 
should cover a multi-year 
period... [and] also strongly 
supports inclusion of the 
option for banking between 
multi-year average target 
periods.” (Intervention on 
QELROs)

Jan,1997 Current Proposal

TIMELINE.DOC 6/17/97



Economic Impacts

NO TREATY. Briefly, the short-term US economic impacts of NO treaty will not be that large- 
only 3% of US livelihoods are earned in agriculture and other climate-sensitive outdoor activities. 
Nordhaus estimated that there would be a 1% drop in US GNP for a 3°C warming. Agriculture 
and forestry have been estimated to benefit from climate change. The impact on developing 
countries would be larger given that their economies are much more dependent on agriculture.

TREATY. The short-term economic impacts of a treaty could be significant (0.5 - 1.5% annual 
drop in GDP) if the US gets locked into a tight emissions budget without flexibility (i.e., no 
emission trading, no joint implementation). [This estimate is based on the more objective results 
from the Energy Modeling Forum (EMF) in Stanford. The percentage result is robust across 
different modeling runs. The I AT results are within the lower range]. In the medium term, the 
worst-case scenarios predict a 2.6% drop in GDP by the year 2020. CEA prepared a review of 
published literature indicating the estimated range of impacts. The median price of carbon in these 
studies was $82 per ton. The median impact on GDP by 2020 was -0.6% of GDP.

Schmalensee's back of the envelope— take the EMF results and make two adjustments—add in the 
costs of short term transition costs and the costs associated with the fact that we are not likely to 
have very efficient regulatory regime. The likely costs could double.

Overestimation of costs. Some proponents of a tight emissions budget will claim that 
economists always overestimate the costs of compliance (e.g., the S02 market where current 
permit prices ($120) are considerably less than predicted prices ($750-500)). It is often true- 
estimates of economic costs of tighter environmental protection are often too high relative to 
actual costs. Usually this is due to a combination of factors including changing market 
fundamentals (e.g., lower energy prices), changes in the actual design of the program. While 
control costs may not be as high as predicated, these people ignore the fact that environmental 
regulation has still been a significant drag on the US economy (about 0.2% annual decline).

Innovation and technological solutions. Some will argue that the costs of carbon policy will 
not be significant because tighter environmental regulations will induce innovative technological 
silver bullets that will reduce overall costs. But these innovative offsets do not cover the costs of 
the extra compliance. While case studies can be found to support the innovation offset argument, 
the real question is whether there is a ubiquitous free lunch across the smorgasbord of US firms? 
The evidence suggests the answer is “no.” US firms and the federal government currently spend 
at least $100 billion on pollutioa abatement and control. The magnitude of the cost offsets, as 
measured by the Commerce Department’s Bureau of Economic Analysis, is about $2 billion, less 
than 2 percent of estimated environmental expenditures. Even if the cost offsets are doubled, 
tripled, or quadrupled to account for unreported benefits, net annual spending on environmental 
protection is still about $100 billion (in 1992).

Another counter to the claim is that technological solutions are also exaggerated. Recall the days 
of nuclear power when the slogan was that with nuclear power electricity would be “too cheap to 
meter.”



What actions will decrease the costs of any given emission budget.

• Flexibility through carbon trading systems and joint implementation.
CEA has fought hard for flexibility so that the most cost-savings can be attained.

• Faster technological change.

• Increased capital investment.

EPA’s strategy. In the Domestic meetings, the EPA argues that the costs of a carbon policy will 
be low given the existence of flexible programs such as emission trading and JI. In the 
International meetings, EPA then argues for overly strict standards for trading and Jl; these high 
transaction costs will prevent the substantial potential costs reductions to go unrealized because 
few nations will want to participate. In effect, they say “look the costs will be low if flexibility 
exists”, but their actions are to restrict flexibility. The EPA is saying let’s have a policy but let’s 
keep the carbon reductions at home—make the US economy pay its own way.



A Technical Point on Technological Change
30 May 97

• There is a key technical assumption embedded in the lAT modeling efforts—the assumed 
autonomous rate of technological change. Firms are assumed to adopt more energy- 
efficient, less carbon-intensive production activities (e.g., use less coal and more natural 
gas); consumers are assumed to adopt more energy-efficient, less-carbon intensive 
consumption patterns (e.g., electric cars that get 55 mpg). This autonomous rate is often 
measured by the energy-to-GDP ratio (E/GDP); it is also measured by the carbon-to-GDP 
ration (C/GDP).

• The autonomous rate of technological change is assumed to be independent of the 
relative prices in the model. This is the so called “announcement effect,” where people 
change their preferences in light of the global climate change treaty. I have dubbed this 
behavior the “theory of non-price policy response.” People see the light once they have 
been awakened by the Kyoto treaty. And they then lower their marginal rates of time 
preference or lower their risk aversion, thus causing them to use more energy-efficient 
technologies that they would have otherwise ignored because they were too costly.

• The faster the rate of this autonomous technological change the softer the blow to the 
economy when the regulator introduces a carbon tax. The autonomous progress pushes 
the economy into more energy-efficient, less carbon intensive activities for free.
Therefore, the higher the rate the lower the price shock from a carbon policy. The price 
shock is lower because the economy has already been moving toward the goal of less 
carbon on its own. The more people adjust independent of price, the smaller the blow 
when the carbon policy pushes the economy the rest of the way to the goal by changing 
relative prices. If we assume people are already on board, they do not need as big of a 
push. This is a critical assumption because it can be manipulated to reduce the estimated 
GDP losses from alternative emission budgets.

• The historical rate of autonomous technological change is between -0.1 and -0.5% drop 
in E/GDP per year. Note that the historical total rate of change (price-induced and non­
price induced) ranges between +0.2 to -2.9% drop in E/GDP per year. Most of this rate 
is price-driven around the time of the two oil crises in the 1970s. Some researchers have 
explained all the variation in the E/GDP ratio by price and input substitution, implying that 
the autonomous rate is near zero.

The lAT modelers have assumed two autonomous rates of change: -1.25% and -1.75% 
drop in E/GDP once the Kyoto treaty is announced. CEA and Treasury have argue 
from the beginning that these autonomous rates are too large; and do not match up with 
historical rates. We have dubbed this the “great leap forward.” In effect what these rates 
do is push a larger fraction of the economy into more energy-efficiency for free than we 
should expect given historical evidence. Therefore, when we introduce the carbon policy, 
the shock to the system is softened.



For example, consider the Markal-Macro model. The table below shows that the “starting 
point” assumption of 1.25 E/GDP yields an implied carbon tax of $145 in 2010 (which 
translates into a 39 cent gas tax). If a very faster autonomous rate is assumed (1.75), the 
carbon tax falls to $77 in 2010 (21 cent gas tax). Now if we go the other way and 
assume an autonomous rate (0.75) closer to historical non-price rates (0.1 to 0.5), carbon 
tax increases to $162 (45 cent gas tax). This is a significant range.

Vlarkal-Macro Moc el (stabilize at 1990 levels in 2010 without international emission trading)

Autonomous
technological
change
(E/GDP)

Carbon price in 
2010(per ton)

Equivalent 
gas tax (2010)

Carbon price in 
2020 (per ton)

Equivalent 
gas tax(2020)

High (0.75) $162 $0.45 $192 $0.52

Higher (1.25) $145 $0.39 $130 $0.35

Very high (1.75) $77 $0.21 $35 $0.09

The other two models, DRl and SGM, have even lower carbon prices because they have 
also presumed that the economy is shifting toward more energy-efficiency independent of 
price. In fact, the DRI model reduces its energy use by about 10% in 2010 independent of 
price. Therefore, it should be no surprise that when the carbon policy shifts relative 
prices, the shock to the economy is smaller than would otherwise be expected. EPA has 
started to rationalize this autonomous rate as a “change due to expected price increases.” 
If that is the case, the models are double counting the price effect--once with the 
expected-price-autonomous change and once with the actual price effect. They cannot 
have it both ways.
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MEMBER

EXECUTIVE OFFICE OF THE PRESIDENT 
COUNCIL OF ECONOMIC ADVISERS 

WASHINGTON, D.C. 20500

June 9, 1997

MEMORANDUM FOR DAVID B. SAND ALOW 

FROM:

V

s#
SUBJECT:

ALICIA H. MUNNELL 
JEFFREY A. FRANKEL

POTUS Memo on Climate Change

Thank you for the opportunity to comment on the decision memo before it goes to the principals 
for review. We are very concerned with the memo as drafted, and cannot sign off without some 
significant changes that will make it more useful for the President and Vice President. Our 
comments fall into four categories.

1. The CEA position mischaracterized. Because of the way the memo is constructed, the 
CEA position is described incorrectly in the current draft. CEA believes that Option 2 is an 
expensive option-more expensive than portrayed in the accompanying tables-and not consistent 
with an optimal path that maximizes the benefit-cost ratio as recommended by most economists. 
Nevertheless, we believe that global climate change is a potentially significant problem that can be 
solved only by the participation of both developed and developing countries. For this reason, we 
would be willing to go beyond what most economists recommend as an optimal path for efficient 
emission reduction if and only if we could secure (a) LDC commitment to “evolution,” that is, 
eventual accession to emission limits similar to the Annex I countries; and (b) a flexible 
international trading system. We would like this reasoning spelled out in the discussion of Option 

2 in the memo.

Second, our view of unilateral action should be stated as follows:

“If no agreement is reached in Kyoto, the CEA believes that the U.S. should consider 
taking smaller unilateral actions to show good faith internationally, to start educating the 
American people, and to begin creating the incentives for energy-efficient investments.”

2, Economic impacts of emission restraints understated. The tables presented in Appendix 
C show the most optimistic plausible outcomes from the alternative emission restraints. As such, 
they should be included. But to give a fairer sense of the possible economic impacts, the memo 
should also include a second set of tables that assume (1) a lower rate of autonomous



technological change (as suggested by the majority of the outside reviewers); and (2) a less 
optimal recycling of the domestic permit revenue such as reducing the personal income tax. In 
addition, all tables should include the decline in consumption as well as the decline in GDP.

3. Option 3 not well-developed. If the President and Vice President do not want to sign on to
a program with the enormous economic and political implications of Option 2, they need to have a 
viable alternative. As presented, Option 3 does not satisfy that criteria. Characterizing Option 3 
as calling for “emission levels peaking at 2010, returning to 1990 levels in the longer term, and 
declining thereafter” would be more consistent with the international agenda. It would also be 
useful to spell out the benefits of such a proposal-namely, that its provisions are more likely to be 
adopted than those of the more ambitious plan, and that phasing in new energy efficient capital as 
old capital wears out is far more efficient than the more rapid option..

4. The pros and cons of the options are not clearly spelled out. Each option should have a 
list of the three or four strongest arguments for and against. These should be more substantive 
than “take the high ground,” or “would equate your performance...with George Bush’s....” For 
example, suggested pros and cons for Option 2 would be as follows:

Pros
Would allow the United States to show leadership on global climate change.

• Would increase the likelihood of reaching agreement at Kyoto.
• — If adopted, would produce substantial collateral benefits such as reductions in ozone and

PM. ’
• Coupled with demands for developing country participation and flexibility, provides a 

principled way of negotiating internationally.

Cons
• Would dramatically alter the Nation’s fiscal structure, raising $100-$200 billion per year if 

emission permits were auctioned.
• Would raise the price of gasoline by as much as 40 cents per gallon; would as much as 

quadruple the price of coal fi’om $28/ton to $113/ ton.
• Would reduce GDP by as much as 0.6 percent in 2010, and reduce consumption by as 

much as 1.0 percent.
• Would have enormous regional and industry impacts.

Finally, we have attached some detailed editorial comments.

As we said at the beginning, we view the four points discussed above as being so serious that they 
preclude sending the memo even to the principals until the issues have been addressed.
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ISSUE FOR DECISION

In your trips to the Denver Summit of the Eight (June 20-22) and UN General Assembly 
Special Session on Environment and Development (June 26), what should you say 
concerning the U.S. position on emissions levels under the climate treaty?

NEED FOR DECISION

To date, the U.S. has not supported any specific emissions levels under the climate treaty. 
Other countries and domestic constituencies are calling on us to state our views. At the 
Denver Summit of the Eight, Chancellor Kohl and others will press you on this issue. At 
the UNGA Special Session, media attention to this issue will be high. Both meetings offer 
excellent opportunities to-advance and explain our position.

r2,0^0' Zoxo
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I. BACKGROUND

Climate change is an issue of vast scale. Decisions on the issue posed in this memorandum 
could have significant environmental, economic and political consequences.

The build-up of greenhouse gases in the atmosphere threatens fundamentally to alter the 
Earth’s climate. Currently, greenhouse gas concentrations are at their highest level in more than 
200,000 years. (See Appendix AT Absent policy interventions, concentrations by the end of the 
next century will reach the highest level in more than 50 million years. Impacts are predicted to 
include sea level rise, the spread of infectious disease, more firequent and severe droughts and 
floods, loss of forest cover and shifts in agriculturally-productive regions. Absent policy 
interventions, global average temperatures by the end of the next century are projected to increase 
2-6.5 degrees F., sea-level rise is projected to inundate more than 9000 square miles in the United 
States (with Florida and Louisiana most vulnerable) and an additional 50-80 million people are 
projected to contract malaria worldwide. According to a NOAA study, average July 
temperatures in Washington, D.C. by the end of the next century are expected to increase by 5-15 
degrees F. (with greater humidity).

The cost of reducing greenhouse gas emissions is potentially substantial. The principal 
source of such emissions is the burning of fossil fuels, which powers the global economy.
Meeting the emissions targets proposed by the European Unio% for example, is projected to 
reduce U.S. GDP in 2005 by 0.1-1.0%, increase gasoline prices in 2010 by 20-25 cents per gallon 
and increase coal prices in 2010 by almost 180%. Without a well-functioning system of 
international emissions trading, these figures would roughly double. Private capital outflows 
associated with an international emissions trading regime are predicted to be roughly $5 billion 
per year. Significantly, modeling indicates that economic losses from some policies are largely 
transitory; after an initial loss, the economy rebounds and catches up to its original growth path. 
Costs depend significantly on rates of technological innovation. Effects on some sectors of the 
economy will be much larger than effects on the economy as a whole.

This administration has been active on this issue since Earth Day 1993, at which time you 
pledged to return U.S. greenhouse gas emissions to 1990 levels by the year 2000, and then to 
continue the trend of reduced emissions. In October 1993, we issued the Climate Change Action 
Plan, made up of several dozen mostly voluntary programs, designed to meet that goal. (Due to 
Congressional budget cuts and other factors, the goal will be missed by a wide margin). U.S. 
negotiators have shaped the international climate change negotiations by calling for binding 
emissions targets, “flexibility” provisions (such as international emissions trading and joint 
implementation) that would significantly lower costs of meeting those targets, and the 
participation of developing countries. You have spoken to this issue several times in the past 
year, including in the 1997 State of the Union, where you called for “reduc[ing] the greenhouse 
gases that challenge our health even as they change our climate.”

The politics of this issue are difficult, at best. For many environmental groups, strong 
action on climate change is a litmus test for your environmental policy. If you fail to speak
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decisively on this issue in Denver (at the Summit) or New York (at the UNGA Special Session), 
their criticism will be intense. On the other hand, much of the business community is strongly 
opposed to action on climate change. Fossil fuel and heavy manufacturing companies are poised 
vigorously to attack any policies the environmental community might support. Labor is 
increasingly opposed to action on climate change, largely in deference to the concerns of the 
United Mine Workers. Southern and western Republicans on the Hill are very skeptical about this 

agenda, as are midwestem and coal state Democrats.

On June 4, the Los Angeles Times wrote “At two international summits this month. 
President Clinton will no doubt take some heat about U.S. sluggishness in combating global 
warming...The United States, which produces nearly one-quarter of all fossil fuel emissions and 
has an environmentally savvy administration, is the logical mediator of a compromise proposal.”

n. OPTIONS

Earlier this week, we identified several options for principals concerning the U.S. position 
on emissions levels in the international climate change negotiations. Each option was defined in 
terms of a broad directional statement you might offer at the Denver Summit or UNGA Special 
Session.

The meeting produced a considerable convergence of views. Most agencies (State, 
Commerce, Transportation, Energy, Agriculture, EPA, AID, OSTP and CEA) supported an - 
option in which you would call for “stabilizing emissions in the medium term and reducing 
thereafter.” In the parlance of the climate change negotiations, this means stabilizing greenhouse 
gas emissions at 1990 levels by roughly 2010 and reducing to lower levels thereafter.

Several caveats are important;

First, many of these agencies conditioned their support on success in obtaining flexibility 
provisions (e.g., international emissions trading, joint implementation) and the 
participation of developing countries. These agencies generally believe that any statement 
you make concerning emissions levels should be coupled with a strong statement on the 
importance of these additional provisions. Some agencies believe we should not accept 
any agreement at Kyoto unless developing countries agree to negotiate quantitative 
emissions limits.

Second, the Treasury Department has significant concerns. Lany^ Summoro, in particular, 
spoke forcefully about the economic and political costs of stabilization and urged a less —j 
ambitious approach. Suimmu's iiutud that cost estimates are based on the assumption that 
underlying economic growth rates through 2010 Avill average just over 2%, and that costs 
of achieving any target would increase if these growth rates were higher. Treasury also “ 
focused on the potential wealth transfers possible under some control regimes, noting that

KJdV
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these transfers could be several times the size of the tax cuts contemplated in the balanced 
budget agreement. 0MB expressed similar concerns.

Third, many participants noted the magnitude of this decision for the second term agenda. 
There is a widely held view that we cannot take this on without you and the Vice 
President making this a top tier issue during the next several years.

Fourth, at least one agency (Energy) conditioned its support on strong admimstration 
backing for increased funding for greenhouse gas-related technology programs in the years

Finall^ne agency fCEA^^ated dial the U: S'. shqnid-tdce\inilateral^action te-reducerinaiiy >Qne agency trttttcu aidi lue u.o. •

^^Si^t of the foregoing, and after further discussi^s, we are identifying four options for 

you in Denver and New York. They are: VCU

Option 1: Call for “significantly reducing emissions in the medium term.”---------------

Co/w/we??^Hfnterior Department supports this option, stating that strong measures are __ 
n^cess^ to protect the resources it manages^^ch a statement would be mterpreted^ 
be consistent with the E.U. prop^ (am5% cut from 1990 emissions levels by 2010).

This option could impose very large costs on the U.S. economy. Environmental benefits 
could also be large, especially when non-climate benefits (such as reducing fine particles 
and ozone) are considered. Many environmental groups would be pleased, but business 
and labor would be veiy strongly opposed. Without significant changes in the political 
landscape, the prospects for ratification by the Senate in the next several years would be 

close to zero.

Option 2: Cali for “stabilizing emissions in the medium term and reducing thereafter.” 
Emphasize that flexibility and the participation of all nations (including developing 
countries) are essential to addressing this problem.

Comment. This is the Recommendation from most of the Cabinet. It allows you to take the 
high ground: committing the U.S. to meaningful emissions reductions, while insisting on 
other principles we consider vital to an agreement. It lays the groundwork for refusing to 
sign a treaty in Kyoto, if we are unable to secure agreement on flexibility or developing 

country provisions.

Overall economic impacts of this option could be significant (although GDP impacts 
could be transitory). Dislocation in some sectors and regions (especially coal states) could 
be large. Environmental benefits (both climate and non-climate) could be significant.
Some environmental groups would be pleased; others would complain of lack of U.S. 
leadership. Most business and labor groups would be opposed, although some might

Oh
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support if the policy were coupled with other features they find attractive. Without 
sigiiificant changes in the political landscape, the prospects for ratification by the Senate in 

the next several years would be poor.

Option 3: Call for “reducing emissions growth in the medium term, on the way to 

stabilization.”

Comment: This is consistent with views of the Treasury Department. Economic costs
would be rglatj^elyjnild, as would opposition in the business and labor communities. 
Environmental benefits (both climate and non-climate) would be modest. Criticism fi-om 
other countries and U.S. environmental groups would be very strong. Environmental 
groups would equate your performance in New York with George Bush’s performance at 
the 1992 Rio Earth Summit.

With this option, there is no chance of obtaining international agreement on our 
“flexibility” or “developing country participation” proposals. Emphasizing the importance 
of these proposals in the context of this option would lead to especially scathing criticism. 
However, there is a chance an option along these lines would be ratified by the U.S. 
Senate in the next several years without major political changes.

Option 4: Call for “strong action on climate change” and “agreement in Kyoto.” Say that 
the United States is continuing to study the issue of emissions levels and will elaborate on 
its position at a later time.

Comment: This roughly repeats prior statements by you and other administration officials. 
It would be strongly criticized by environmental groups, who (here too) would equate 
your performance in New York with George Bush’s performance at the 1992 Rio Earth 
Summit.

This formulation would allow additional refinement of economic modeling runs before our 
position is aimouhced. We are currently in the middle of peer review of this modeling. 
More time would produce additional validation of interagency modeling work, although 
;we do not anticipate significant changes in the results.

* Material analyzing the fenvironmental impacts of these options is attached as Appendix B. 
Material summarizing the projected economic impacts of Options 1, 2 and 3 is presented in 
Appendix C. Additional background material on climate change (including a discussion of 
domestic policy options) is attached as Appendix D.



TALKING POINTS:
CEA POSITION ON GLOBAL CLIMATE CHANGE

JF 6/1/97

[Here we assume that political constraints must be confronted. E.g., option 3 

of the 6/2 Decision Memorandum would simultaneously be rejected by the 

environmentalists/European negotiators as much too weak environmentally - 

implicitly “blowing up” the negotiations - while also being rejected by 

business/domestic constituencies as a case of the US (and other Annex I 

countries) bearing the burden while a free ride is given to the LDCs, the 

source of most of the future growth in carbon emissions. Once each of the 

four hsted options is rejected as pohtically undesirable, what is left?...

We propose:
Option 2 “Stabilize emissions in the medium term and reduce thereafter”

BUT with a rigorous insistence on the various “flexibihty” and “developing 

country” provisions referenced at the bottom of the page below Option 4. 
Specifically, we would require in the Kyoto negotiations:
• International trading
• Serious participation by the LDCs, meaning participation beyond “Joint 

Implementation”; we would require LDC commitment to “evolution,” that 
is,eventual^ accession to emission limits similar to the Annex I countries^.

• Multiple multi-year budget windows
• Banking and borrowing

We are aware the likely outcome would be failure to agree on a treaty at 
Kyoto. [But, “no treaty is better than a bad treaty” or than an un-ratifiable 

treaty.]

We would further propose, in the event that there would then be no 

agreement in Kyoto, tiiat the U.S. offer some more modest steps that it is 
prepared to take unilaterally, as a good-faith gesture.
These might include some of the steps mentioned as part of Option 4:
• supporting a worldwide end to fossil fuel subsidies (beginning at home)
• imposing a very small measure to raise the price of gasoline
• expanding the existing S02 trading program among utihties to C02
• increasing investment in technologies



Very moderate option on GCC

• Emission levels should peak by 2010, and begin to decrease thereafter.

• Emission levels should return to 1990 levels in the longer term [e.g., 2030], and continue 
to decrease thereafter.

• The U.S. is prepared to support some moderate measures immediately, such as a ban on 
energy subsidies.



Additional talking points 

• Wishful thinking.

The assumed rate of (non-price induced) autonomous technological change 
(-1.25% and -1.75% drop in energy-to-GDP) is too fast relative to historical 
records. The historical rate of autonomous technological change is between -0.1 
and -0.5% drop in E/GDP per year. Note that the historical total rate of change 
(price-induced and non-price induced) ranges between +0.2 to -2.9% drop in 
E/GDP per year. Most of this rate is price-driven around the time of the two oil 
crises in the 1970s. Some researchers have explained all the variation in the 
E/GDP ratio by price and input substitution, implying that the autonomous rate is 

near zero.

CEA and Treasury have argue from the beginning that these autonomous rates 
are too large; and do not match up with historical rates. These high autonomous 
rates push a larger fraction of the economy into more energy-efficiency for free 
than we should expect given historical evidence. Therefore, when we introduce a 
carbon policy, the shock to the economic system is watered down artificially.
EPA has started to rationalize this autonomous rate as a “change due to expected 
price increases.” If that is the case, the models are double counting the price 
effect—once with the expected-price-autonomous change and once with the actual 
price effect. They cannot have it both ways, {see Section 6 in your briefing 
book).

Overestimation of costs. Some proponents of a tight emissions budget will claim 
that economists always overestimate the costs of compliance (e.g., the S02 market 
where current permit prices ($120) are considerably less than predicted prices 
($750-500)). While it is the case that predicted costs of tighter environmental 
protection have been high relative to actual costs, usually this is due to a 
combination of factors including changing market fundamentals (e.g., lower energy 
prices), changes in the actual design of the program. And while control costs may 
not be as high as predicated, these people ignore the fact that environmental 
regulation has still been a significant drag on the US economy (about 0.2% annual 
decline).

Innovation Offsets. Some will argue that the costs of carbon policy will not be 
significant because tighter environmental regulations"will induce innovative 
technological silver bullets that will reduce overall costs. But these innovative 
offsets do not cover the costs of the extra compliance. While case studies can be 
found to support the innovation offset argument, the real question is whether there 
is a ubiquitous free lunch across the smorgasbord of US firms? The evidence 
suggests the answer is “no.” US firms and the federal government currently spend 
at least $100 billion on pollution abatement and control. The magnitude of the 
cost offsets, as measured by the Commerce Department’s Bureau of Economic



Analysis, is about $2 billion, less than 2 percent of estimated environmental 
expenditures. Even if the cost offsets are doubled, tripled, or quadrupled to 
account for unreported benefits, net annual spending on environmental protection 
is still about $100 billion (in 1992). Another counter to the claim is that 
technological solutions are also exaggerated. Recall the days of nuclear power 
when the slogan was that with nuclear power electricity would be “too cheap to 
meter. ”



President’s comments in June. There is no real need for the President to stray from the 
general principles stated in the December 1996 U.S. position paper:
(1) The need to examine an international greenhouse gas emissions trading system 

among annex I (OECD plus former Soviet block) countries.
Joint implementation (projects that reduce emissions below baseline in host 
country which are credited to the target of the partner country) between annex I 
and the rest of the world.
The need for a concerted global effort that eventually would imply targets for all 
countries.
Support for multi-year, rather than single year, targets.
Urge consideration of a right to bank and borrow permits.

(2)

(3)

(4)
(5)



Why are we demanding serious participation by developing nations? Carbon 
leakage. The US position seems to be taking a “deep, then broad” perspective by first 
establishing a narrow coalition of developed nations and then reaching out to the 
developing countries to join later (“evolution” in treaty protocol language). This approach 
begins with a narrow participation by a limited set of countries (Annex I) in a relatively 
ambitious agreement that involves considerable costs and hence requires fairly 
sophisticated policy instruments.

This approach, however, runs the risk that the developing countries will not join later 
because the costs of doing so will be too high. By increasing the relative costs of carbon 
in the narrow coalition, carbon-intensive industries will move to developing countries, 
thereby making these economies even more carbon-dependent as they try to grow their 
way past the real health problems they face now. Their addiction to carbon-based growth 
increases the costs of “evolving” into the treaty. The suppliers of carbon-intensive energy 
will look for existing markets and will create new markets. A climate treaty without China 
or India probably will not work.

A “broad, then deep” approach to climate policy might make more sense. Broad—bring in 
all the nations with a low cost agreement, then deep-the agreement can be made more 
ambitious (and costly) later.

Why are we demanding flexibility? It is estimated that any agreement without the cost 
flexibility provided by trading or JI will at least double the US costs. The key is to 
distribute emissions internationally so as to minimize the costs of climate policy. But 
before alternative policies can be usefully evaluated, we need to know how the system 
would be designed. The US does not have a set position as to what either a domestic or 
international trading system would look like. EPA has argued for relatively high 
transaction costs that would limit the cost-savings of a trading system; CEA has argued 
for a flexible system that allows for banking and borrowing of permits. This is an area that 
is wide-open, and CEA could play an important role in the design of such a trading 
system. All this holds for joint implementation as well-vaguely defined but yet a 
potentially important tool to reduce the costs of climate policy.

The economic consequences of a delayed agreement. What do we have to gain by 
rushing into a stringent emissions budget? The estimated US economic impacts of NO 
treaty are not that large-Nordhaus estimated that there would be a 1% drop in US GNP 
for a 3°C warming (or a doubling of C02). This loss is so small because only 3% of US 
livelihoods are earned in agriculture and other climate-sensitive outdoor activities. Two 
other studies found similar magnitudes on the US economy. In fact, researchers at Yale 
estimated that agriculture and forestry might actually benefit from climate change. The 
impact on developing countries would be larger given that their economies are more 
dependent on agriculture. EPA’s own estimate of the effects is plus or minus change of 
2% GDP.



DELAY the agreement for 12-18 months to:

• Draw the developing nations into the treaty (broad, then deep)
• Define an emission budget based on science (optimal reduction path)
• Define the trading systems ex ante (a flexible system in place)

In return for the delay, the US would commit to a significant domestic action
• domestic carbon trading system
• increased R&D expenditures
• removal of fossil fuel subsidies
• revisit the reinvent regulation



Questions on climate policy left unanswered by the lAT

What are the costs and benefits at the world and US levels of different climate policies that 
consider concentrations, climate change, and economic welfare?

What is the impact of different climate policies on international trade and capital flows?

What is the likelihood and magnitude of carbon leakage if the non-annex I nations do not 
participate?

What will it take from an economic perspective to draw China, India, and Brazil into a 
climate treaty?

How will the international and domestic emission trading systems be designed and 
implemented?

How exactly will Joint Implementation be implemented?
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Notes for Climate Change briefing paper 

Risks of Kyoto round;

1. Binding commitments enforced by command-and-control regulation at home. This would 

greatly increase the cost.

2. Binding commitments, enforced in the US through the courts, but not enforced in the EU.

3. Binding commitments without flexibility. To prevent this, and to prevent freelancing by the 
State Department, we should explicitly instruct the negotiators to reject commitments that do not 
include trading and joint implementation.

4. Binding commitments for Annex 1, with no commitments by the developing countries. This 
would saddle us with high costs while doing nothing for the climate. The Kyoto agenda does not 
seem to include commitments by the LDCs, so we may have to accept this outcome.

Beyond Kyoto. The Kyoto round may fail altogether. The parties are so far apart now that many 
have abandoned hope for an agreement in December, other than a symbolic one. What then?

We could move away from a target of the form “stabilize at 1990 levels by 2010.” This target is 
based on no analysis; it has survived this long mostly because it is easy to remember. William 
Nordhaus of Yale calculates a benefit-cost ratio for a policy based on this target of 0.20; he and 
other economists have long advocated climate targets based on long-term concentrations, with 
attention to benefits and costs. Even adding trading and joint implementation does little to 
improve the attractiveness of the “stabilize at 1990 levels” poli^. Adding international trading 
raises the benefit-cost ratio only to 0.22, in Nordhaus’ calculation.

Other possible proposals include mandating no new coal-fired power plants after the year 2020. 
This policy would be much simpler to negotiate, as the 6 major coal producers account for the 
overwhelming share of the world’s coal production and reserves. This policy alone would stabilize 

atmospheric concentrations at about 650 ppm.
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Costs of Greenhouse Control Programs.

The Interagency Analysis Team (lAT) calculates the cost of stabilizing U.S. emissions at 1990 
levels in 2010 at 0.2% to 0.6% of GDP if international trading is not allowed, and at 0.1% to 0.4$ 
of GDP if trading is permitted within the OECD. Calculated costs fall farther into the future.

Results are sensitive to the models used, and to several modeling assumptions. For example, the 
lAT assumes that the Federal Reserve Board will allow expand the money supply over the entire 
25-year modeling horizon, to keep interest rates down and encourage investment. Without this 
assumption, costs rise significantly. Also, the lAT assumes that the economy will rapidly grow 
more energy-efficient, in effect lowering the cost of meeting a limit on carbon emissions.

The lAT’s results are roughly consistent with those of the more comprehensive and better-knovm 
Energy Modeling Forum (EMF) at Stanford. The EMF study included 10 models, of several 
designs, which calculated GDP losses of 0.2% to 0.7% in 2010 to stabilize carbon emissions at 
1990 levels without international trading. As with the lAT, the lower estimates come from models 
that adopt optimistic assumptions about reducing energy intensity, or about the availability of 
low-cost substitutes.

The EMF models, however, all calculate that control costs will rise, not fall, as time goes on. On 
average, they calculated that to stabilize U.S. greenhouse emissions at about current levels over 
the next several decades, assuming this is done in the most efficient way (using tradable carbon 
rights or carbon emission taxes), would cost about 2% of the growth rate of GDP; this would 
reduce growth from, say 2.5% annually, to 2.45% annually. Thus, by the year 2020, GDP losses 
would be about one percent annually.

Both the lAT and EMF calculations are likely to be on the low side, for several reasons. First, all 
the models assume the most efficient possible climate control program, using carbon taxes or 
carbon emission permits; in reality, we now have only one market-based environmental control 
program, and it accounts for only a tiny fraction of compliance efforts. Second, the models 
implicitly assume that the control program is announced early, and maintained at that level 
indefinitely. In reality, the government is not likely to maintain consistent control measures over 
decades. Third, the models used by EMF focus on long-run equilibrium; none includes short-term 
adjustment costs, such as we experienced following the two oil crises of the 1970s.

How much would these factors add to the calculated costs? Richard Schmalensee of MIT, long 
prominent in the economics of blimate change, believes these factors would raise the EMF 
estimate by a factor of one to four. This would put the cost of stabilization in 2020 at one to four 
percent of GDP; that is, GDP in each year would reduced by one to four percent from the 
baselinc^For comparison, the US now spends about two percent of GDP on all environmental 
programs combined.

Reducing emissions by 20% relative to 1990 levels would cost about twice as much as stabilizing 
at 1990 levels, according to EMF.



Global climate change

• Response to EPA overture? If we ever talk with the EPA it should only be after we talk 
with treasury.

Tell Robert Gillingham to get Larry to call. Yes-or we should call them. What do we 
lose by us calling over there?

Give Mark “moderate option” language. Mark needs something to guide him otherwise 
he will just keep getting overwhelmed by State and the EPA. For example, in the last 
decision memo it stated that the temp in Washington, dc will increase by 5-15 degrees in 
the near future. Now there is no way any modeler knows this because the climate models 
carmot predict down to this level of detail. This is the swarming nature of the EPA that 
Mark has to try to deflect. He probably has not been given anything by the economic 
agencies as a counter-option and he probably should have one.

Prevent Sandalow et al.^om blowing off the reviewers comments. We need to identify 
the non-academic (i.e.*^nvial) concerns that must be addressed, and then get the economic 

agencies to play a more active role in the lAT. More active and less passive because right 
now the lAT has really been run for State regardless if it was run in Commerce. I see this 
as a chance for treasuiy to demand the analysis they need and then volunteer some labor 
to get it done.



A few things to consider when thinking about climate policy

• 1990 @ 2010 as a focal point emissions budget. This target was not derived from any
scientific or economic analysis. From what I can tell it was selected because it was a 
“medium term” target. Some integrated modeling analyses show that this target is worse 
than doing nothing. Nordhaus, for example, has estimated that the benefit/cost ratio for 
this target equals b/c = 0.20. Even with international trading, the b/c = 0.22. A bad idea 
with trading is still a bad idea. The lAT modeling effort has focused completely on the 
costs of a carbon policy without considering the benefit side. And while some optimal 
carbon policy is probably unattainable, it provides a better focal point for discussions of 
US global climate change policy than does the ad hoc 1990@2010. Nordhaus and 
Jorgenson’s reading of the evidence is that current assessments do not support the idea of 
focusing primarily on stabilizing emissions, especially when stabilization is limited to 
developed countries. The preferred strategy should be to decide what concentration level 
is acceptable, and then work backward from there to decide the most cost-effective path 
to achieve the concentration. Unlike the Clean Air Act, nothing sayS that a climate policy 
cannot be based on sound economics. Plus an optimal path will haye lower carbon taxes 
that will prove more attractive to industry and Congress.

Carbon leakage. The US position seems to be taking a “deep, then broad” perspective 
by first establishing a narrow coalition of developed nations and then reaching out to the 
developing countries to join later (“evolution” in treaty protocol language). This approach 
begins with a narrow participation by a limited set of countries (Annex I) in a relatively 
ambitious agreement that involves considerable costs and hence requires fairly 
sophisticated policy instruments.
This approach, however, runs the risk that the developing countries will not join later 
because the costs of doing so will be too high. By increasing the relative costs of carbon 
in the narrow coalition, carbon-intensive industries will move to developing countries, 
thereby making these economies even more carbon-dependent as they try to grow their 
way past the real health problems they face now. Their addiction to carbon-based growth 
increases the costs of “evolving” into the treaty. The suppliers of carbon-intensive 
energy will look for existing markets and will create new markets. A climate treaty 
without China or India probably will not work.

Economists argue that a “broad, then deep” approach to climate policy makes more sense 
(e.g., Schelling, Schmalensee, Stavins). Broad—bring in all the nations with a low cost 
agreement, then deep-the agreement can be made more ambitious (and costly) later.

Emissions trading, joint implementation, and transaction costs. It is estimated that 
any agreement without the cost flexibility provided by trading or JI will at least double the 
US costs. The key is to distribute emissions internationally so as to minimize the costs of 
climate policy. But before alternative policies can be usefully evaluated, we need to know 
how the system would be designed. The US does not have a set position as to what 
either a domestic or international trading system would look like. EPA has argued for 
relatively high transaction costs that would limit the cost-savings of a trading system; CEA



has argued for a flexible system that allows for banking and borrowing of permits. This is 
an area that is wide-open, and CEA could play an important role in the design of such a 
trading system. All this holds for joint implementation as well-vaguely defined but yet a 
potentially important tool to reduce the costs of climate policy.

Impact on international trade flows. Given that substantial flows of rents will be 
created by an international or domestic trading system, we still no very little about the 
impact on international trade flows. In 1992, Manne and Richels estimated that the US 
might import $50 billion in permits from China-this would have major impacts on trade 
flows. None of the lAT models can address this issue (the SGM models energy use by 
region but not trade in goods and services).

Positions within the Administration.

Tight (option 1): EPA, State, Interior, CEQ

Loose (option 3 or 4): Agriculture, Treasury, Commerce "?

Don’t know: SBA, Defense, Transportation, Labor, Justice,

DOE’S position: option9l^( 1990(^2010) with caveats (the shorter the budget 
period, the later the starting date; commitment to technology; and 
commitment to reexamine the reinvent regulations that have not been 
followed through)

OSTP: with enough support for technology, OSTP would be willing to delay until 
2020

NEC: DT has wondered whether delaying a year might not be a bad idea



A proposal

• DELAY the agreement for 12-18 months to:

• Draw the developing nations into the treaty (broad, then deep)
• Define an emission budget based on science (optimal reduction path)
• Define the trading systems ex ante (a flexible system in place)

• In return for the delay, the US would commit to a significant domestic action such as

• domestic carbon trading system
• increased R&D expenditures
• removal of fossil fuel subsidies
• revisit the reinvent regulation
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Glossary

Activities Implemented Jointly A pilot program to test the feasibility of joint
implementation projects.

Annex C Gases A list of greenhouse gases, their global warming potential (GWP), and 
sources and sinks of those gases, (e.g. carbon dioxide, methane, nitrous oxide) This list will 
exclude those gases for which there is insufficient information on GWPs or monitoring and 
measurement methods do not exist.

Annex I Countries Nations listed in Armex I of the FCCC; includes countries who were 
members of the OECD in 1992,11 countries in transition to a market economy, and the 
European Economic Community.

Austria
Bulgaria
Denmark
Finland
Greece
Ireland
Latvia
Netherlands
Poland
Russian Federation 
Switzerland

Australia 
Belgium 
Czechoslovakia 
Estonia 
Germany 
Iceland 
Japan
Luxembourg 
Norway 
Romania 
Sweden 
Ukraine
United Kingdom of Great Britain and Northern Ireland 
United States of America

Belarus
Canada
European Economic Community
France
Hungary
Italy
Lithuania 
New Zealand 
Portugal 
Spain 
Turkey

Autonomous Energy Efflciency Index (AEEI) 
energy prices.

Rate of technology progress independent of

Budgets National budgets would determine total allowable emissions over a fixed multi­
year period. Each nation would have an initial allocation which could be added to or subtracted 
from through emissions trading, joint implementation projects, or banking between budget 
periods. —

Banking and Borrowing If a nation does not use all of its emissions permits in a budget 
period, they may be applied to the next budget period (saved). Alternatively, if a nation exceeds 
its budgeted amount, it must borrow emissions credits from its next budget allocation.

Carbon Emission Trading A program (international or domestic) to allow the trading of 
emissions credits between entities - the tradeable unit would be a “tonne of carbon equivalent 
emissions allowed.”



Climate Change Action Plan (CCAP) The US plan (announced Oct. 1993) to respond to 
climate change, coordinated through the EPA, DOE, etc.. Goal is to stabilize U.S. anthropogenic 
emissions at 1990 levels by 2000.

Early Credit When actions taken prior to the first budget period receive credit against 
obligations in that period.

Energy/GDP Ratio Energy intensity, the ratio of total domestic primary energy consumption 
or final energy consumption to GDP.

Evolution Process by which non-Aimex I (developing) nations are brought into the formal 
binding portion of the regime.

Framework Convention on Climate Change UN convention to coordinate an 
international response to global climate change. Signed in Rio during the “Earth Summit,” the 
convention entered into force in March 1994, and has been ratified by nearly 160 countries.

Global Warming Potential (GWP) The potential of a given greenhouse gas to cause global 
warming relative to a ton of carbon dioxide over a 100 year period.

Imputed Value of Carbon The implicit carbon tax.

Intergovernmental Panel on Climate Change (IPCC) An assessment group of international 
experts brought together by the World Meteorological Organization (WMO) and the United 
Nations Environment Program (UNEP) to assess scientific information on climate change and 
the environmental and socio-economic impacts of climate change.

Joint Implementation (JI) A system for granting emissions credits to a country for 
implementing emissions reductions projects in other countries. This differs from emissions 
trading in that credits are generated through specific projects and can be carried out between 
parties \vith budgets and those without budgets. Activities Implemented Jointly (AIJ) is a current 
pilot test of such a system.

Paper Tons In a cap and trade system, nations whose annual emissions have gone down since 
the base year would have immediate surplus emissions credits. These credits are called paper 

tons.

When & Where Flexibility Refers to the choices nations will have to reduce emissions 
geographically (where) and temporally (when).

Revenue Recycling Using revenues generated through carbon taxes or permit programs to 
reduce the federal deficit, or business or personal taxes.

Sinks Processes, such as forest growth, that absorb greenhouse gases.



Acronyms
AIJ Activities ImplementedJointly
AEEI Autonomous Energy Efficiency Index
CCAP Climate Change Action Plan
FCCC Framework Convention on Climate Change
GHG Greenhouse gases
GWP Global Warming Potential
IPCC Inter-Governmental Panel on Climate Change
I AT Interagency Analysis Team
MMTCE Million Metric Tonnes of Carbon Equivalent
PPM Parts Per Million
TCE Tonne of Carbon Equivalent
UCE Units of Carbon Equivalent


