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Scenarios and Sensitivity
Analysis

Trading blocs: EU only, Double Bubble,
Annex 1, All countries

Sink Potential: 0, 1/6, 2/3
Other GHGs change to targets: -10%, 0, 10%
Russia: hot air, no hot air trade

Limits on trading: 50%, 30%, 10%
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Welfare (% Change from BAU)

Infinite Horizon Welfare Under the Four Trading Regimes
(EMF Reference Case)
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Trade in Emissions Permits (EMF Reference)
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Change in Non-Annex 1 Emissions/Change in Annex 1 Emissions

Carbon Leakage
(EMF Reference)

20

194

R

15_ e e . . o e e e o e .

14 o e e e e e e e e e e e e e

13 4 - - e e e e e e e e e e e e e e e e e e e e e e e e e e

2010 2015 2020 2025 2030



%@ﬁ/kz/

9/% @/%/

s B .
N //é%%w s ey



Energy Price (% Change from BAU)
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Carbon Emissions (% Change from BAU)

U.S. Carbon Emissions - Deviation from BAU by Trading Scenario

(EMF Reference)
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U.S. Carbon Permit Price by Emissions Trading Scenario
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Permits Purchased (Billion Metric Tons)

U.S. Permits Purchased by Emissions Trading Scenario
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Obligation Satisfied from Purchasing Permits (%)

U.S. Emissions Obligation Satisfied Through Trading
(EMF Reference)
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GDP (% Change from BAU)

U.S. GDP - Deviation from BAU by Trading Scenario
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Non-Energy Exports (% Change from BAU)

U.S. Non-Energy Exports - Deviation from BAU by Trading Scenario
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Permit Price ($/Metric Ton)

U.S. Permit Price Under Annex 1 Trading
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Welfare (% Change from BAU)

Infinite Horizon Welfare Under Annex 1 and Global Trading

(No Sinks)

10

W10% - A1

H50% - A1

EB10% - GL

0O50% - GL

E30% - A1

B 100%-A1

030% - GL

100%-GL

ASIA

EE/FSU

EU 15

OPEC

O-OECD

ROW

USA




Permit Price ($/metric ton)

Permit Price with Limits on Permit Purchases
(Annex 1 Trading; No Sinks)

400

350 A

300 -

250 A

200 -

150 +

100

50 A

=¥ 10% of Obligation - CPEE = ==#=30% of Obligation - CPEE = —@=—50% of Obligation - CPEE
= 10% of Obligation - USA =—30% of Obligation - USA —a—50% of Obligation - USA

+

+

eme———

0
2010

T T T T T T

2012 2014 2016 2018 2020 2022 2024

2026

T

2028 2030



GDP (% Change from BAU)
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Permit Price Under Monopolistic and Free Market Competition
(Partial Equilibrium Solution)
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Permit Price in OECD under Annex 1 Trading
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Trade Structure of the MIT
EPPA Model

Henry D. Jacoby and Zil1 Yang
MIT Joint Program on the Science and Policy of Global Change

Yale-NBER Workshop on International Trade
and Climate Change

Snowmass, 12 August 1998




The Trade Structure of EPPA

Purpose and history

General model characteristics
Trade formulation

Sample applications

Trade-related 1ssues in current revision




Purpose and History of EPPA
e Multiple purposes in the MIT IGSM

— Long-term driver of climate analysis

— Studies of other gases

— Cost analysis of policies
 GREEN origin, and revisions

— GREEN SAMs still 1n use

— GAMS/MPSGE = many revisions

e New version in preparation
— Conversion to GTAP

— Other changes
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General Model Characteristics

Model dimensions

Production structure
— CES nesting
— Vintaging options
e Five vintages
e Control of malleable fraction of old vintage

Alternative solution methods
— Recursive dynamic (myopic)
— Forward-looking savings (parallel Ramsey)

K1ang




DIMENSIONS OF THE EPPA MODEL

Production sectors
Non-Energy
1. Agriculture
2. Energy-intensive industries
3. Other industries and services
Energy
4. Crude oil
5. Natural gas
6. Refined oil
7. Coal
8. Electricity, gas and water
Future Supply Technology
9. Carbon liquids backstop
10. Carbon-free electric backstop

Consumer sectors
1. Food and beverages
2. Fuel and power
3. Transport and communication
4. Other goods and services

Primary Factors
1. Labor
2. Capital (by vintage)
3. Fixed factors for each fuel, land in ag.

Regions (and abbreviations)

1. United States USA
2. Japan JPN

3. European Community EEC
4. Other OECD OOE
5. Central and East Europe EET

6. The former Soviet Union FSU
7. Energy-exporting LDCs EEX
8. China CHN
9. India IND

10. Dynamic Asian Econ’s DAE
11. Brazil BRA

12. Rest of the World ROW

Gases (and chemical formulae)

1. Carbon Dioxide CO,
2. Methane CH,
3. Nitrous Oxide N,O
4. Chlorofluorocarbons CFC
5. Nitrogen Oxides NO,
6. Carbon Monoxide CcO .
7. Sulfur Oxides SOx.
8. Hydrofleurocarbons HFC
9. Perfleurocarbons PFC
10. Sulfur Hexafluoride SF¢




EPPA Production Structure
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Trade Formulation
All goods traded, energy and non-energy

— O1l & gas are Heckscher-Ohlin
| — All others are Armington (2 levels)

No cost of international transport
Trade closure

— No financial markets

— Net foreign saving = 0 over 5 periods

Trade in emissions permits

— Same trade closure applies
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Sample Applications

(Not from a common case)

e Explore trade aspects of policy
Welfare effects of OECD/Annex I restriction
Carbon leakage
Terms of trade
Volume of permit trade

e Diagnosis of model behavior

— Selected import-export changes




Figure 3.

Regional Economic Impacts of a Sumple QELRO

Propusal Computed from Runs of the EPPA Model

Peicent Change In Discounted Consumption

Figure 4. Percentuge Change in Carbon Emissioﬁs Between 2000 and 2100
due to Substitution Effects and GDP Loss Resulting from a Sumple
QELRO Proposal
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Net Exports (million 19858)

Net Exports of Non-OECD Regions in 2050; Reference Case
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Price of Coal Relative to Selected Other Goods,
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Selected Exports of JPN in 2010
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Trade-Related Issues 1n Current
EPPA Revision

 Sectoral/regional dimensions

e Trade closure
— As 18?
— Simple debt accounting, with constraints?
— Other?

e Borrowing and banking in permit trade
e Cost function for natural gas trade
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Executive Summary

The proposed Kyoto Protocol establishes aggressive
targets and timetables for limiting greenhouse gas
emissions for developed countries. Although a few
developed nations would be allowed to increase
their emissions above 1990 levels during the 2008-
2012 period, most developed nations would be re-
quired to limit greenhouse gas emissions to between
6 and 8 percent below 1990 levels.

The figure below, ES-1, provides an overview of the
Kyoto commitments for OECD countries. The pie on
the left represents the baseline or business-as-usual
forecasted carbon emissions of the OECD countries
in the year 2010. It shows that in order to meet the
Kyoto protocol targets, emissions must be reduced
by 847 million metric tons from the total forecasted
for the OECD of 3,471 million metric tons.

Sections of the pie show the amount of carbon emis-
sions allowed for countries or groups of countries
under the Kyoto Protocol. The bar on the right
shows the reductions in carbon emissions required
of these countries or regions in order for them to
meet their targets. For example, in order for the U.S.
to meet its target allowance of 1,281 million metric
tons in the year 2010, its emissions must be reduced
by 566 million metric tons. This represents a reduc-
tion of 31 percent from the U.S. government’s busi-
ness-as-usual baseline forecast of 1,847 million met-
ric tons in the year 2010.

Figure ES-1
The OECD’s Forecasted Carbon Emissions in the
Year 2010, the Kyoto Targets and Required
Reductions

Fi d Carbon Emissk
3,471 million metric tons

Allowed * B Reduction
Emisslons Required
Target: —— to Mcet

2,624 ' Targets

In comparison, the 15-member nations of the Euro-
pean Union need to reduce their emissions by 163
million metric tons in order to reach a target total of
838 million metric tons. This reduction is 16 percent
less than the 1,001 million metric tons forecasted for
the region. Similarly, the other member countries of
the OECD would be required to reduce their emis-
sions by 118 million metric tons from a forecasted
total of 623 million metric tons, or by 19 percent.

This study addresses the question: How difficult
will it be to meet these reduction targets? The analy-
sis begins with a review of pre-Kyoto commitments
which indicates that few countries are likely to meet
their early emission limitation commitments. Six of
nine countries appear likely to exceed their com-
mitments made prior to 1991 by wide to very wide
margins. Only two small countries may meet these
early commitments. Similarly, compared to gov-
ernment emission projections, only three of twenty-
one OECD countries are expected to meet the
Framework Convention on Climate Change’s aim of
limiting emissions to 1990 levels by 2000. This pro-
vides an important indication that meeting emission
limitation goals is more difficult than thought.

This study uses a unique means of evaluating the
ease or difficulty of meeting the Kyoto targets for
most OECD countries. The approach taken is nei-
ther the traditional macroeconomic or general equi-
librium modeling approach, nor the engineering
technology approach. Rather, this study takes a
simpler but more intuitive approach using the Kaya
Identity. This algebraic identity breaks the factors
that determine carbon emissions down into four key
components: the carbon content of energy used in
the economy, the energy intensity of economic activ-
ity, per capita gross domestic product (GDP), and
population. In equation form the Kaya Identity is:

C = C/E * E/GDP * GDP/Population * Population

where C equals carbon emissions and E equals en-
ergy use.

This approach, covering 35 years of history plus
government projections through 2010, provides a
yardstick to evaluate how much behavior must be
altered from current and expected behavior, and
how this compares to past experience, especially the



effort to limit energy use (and thereby carbon emis-
sions) during the energy crisis years of 1974-1986.

Under this approach, the only way to reach the
Kyoto targets with domestic actions is to change one
or more of the key factors affecting carbon emis-
sions, identified by the Kaya Identity, so that signifi-
cant reductions can occur. Two approaches are used
to put the magnitude of the effort into perspective.
The first holds all factors but one constant. The sec-
ond looks at past maximum changes in the Kaya
Identity components.

For example, if the effort to achieve the Kyoto target
focused only on the energy/GDP component of the
Kaya Identity—the component that reflects energy
intensity—then the U.S. energy/GDP ratio would
have to decline during 2001-2010 at the rate of 4.5
percent annually. This is more than twice the rate of
change which occurred during the energy crisis
years—a time when fossil fuel prices quadrupled—
and about 5 times the rate of change forecasted, in-
dicating massive required changes in how energy is
used in the U.S.

If, instead, the effort to achieve the Kyoto target fo-
cused solely on changing the carbon content of en-
ergy, then the U.S. would be required to reduce its
carbon/energy ratio at a rate far beyond historical
experience or forecasted expectations. The degree of
change in the fuel mix which would be required to
bring about such declines in the carbon/energy ratio
is hard to imagine given existing energy sources and
substitution possibilities. For example, even if the
U.S. could theoretically substitute lower carbon con-
tent natural gas for all of the higher carbon content
coal, oil and other combustibles forecasted for the
year 2010, the U.S. would still fall short of its Kyoto
target.

If reductions in energy intensity are no greater than
governments forecast, and the mix of fuels and rate
of population growth does not significantly differ
from expectations, then the Kaya Identity makes it
clear that profound reductions in economic growth
would be required to meet the Kyoto targets. For
example, the U.S. gross domestic product in 2010
would have to be 31 percent below projected levels
to achieve the Kyoto target.

If economic growth is not to be sacrificed and the
mix of fuels and energy efficiency improvements are
the same as governments forecast, then under the
Kaya Identity formulation, all of the effort to reduce
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emissions would fall on population size reductions.
Short of draconian new policies to limit immigration
and lower birth rates, it is unrealistic to assume any
significant effort to reach the Kyoto targets would
come through reduced population growth. It is this
population growth, however, which fuels much of
the future growth in carbon emissions in the U.S.
Between 1990 and 2010 the U.S. population is fore-
casted to increase by 20 percent whereas Europe's is
expected to grow only about 5 percent. This makes
U.S. emission reduction targets that much more dif-
ficult to meet.

Finally, even if the maximum past changes in each
Kaya Identity component which resulted in limiting
carbon emissions were somehow to reoccur simulta-
neously for the next decade, the U.S. would still fall
far short of its Kyoto target. Nevertheless, reproduc-
ing the maximum historic changes tould come at a
heavy cost. Past reductions in the amount of carbon
emitted per unit of energy and the amount of energy
used per dollar of GDP required rapidly expanding
nuclear power, deregulation of natural gas, quadru-
pling U.S. fossil fuel energy prices, a host of gov-
ernment funded efficiency programs, and a 50 per-
cent reduction in the growth rate of GDP per capita.

The European Union would just fall short of meeting
its Kyoto target under their own maximum historic
effort scenario, even if growth in per capita GDP is
cut in half. Japan would achieve the Kyoto target
under their maximum historic effort scenario, but
not without a drastic reduction in their per capita
GDP growth rate.

Clearly, the US. is not alone in requiring a major
effort to meet the commitments made in Kyoto.
Meeting the Kyoto Protocol targets would require
major changes in how most countries use energy,
and perhaps what energy is used and how fast eco-
nomic growth occurs. Based on the Kaya Identity
analysis, it appears highly unlikely that the Kyoto
targets could be met by domestic action without
major new policies to limit energy use. It is highly
likely that these policies would have significant ad-

verse impacts on the rate of growth in per capita
GDPs.

This analysis concludes that major changes would be
required to reach the Kyoto target. This raises seri-
ous questions about the claims that the Kyoto Proto-
col targets are “realistic.”



. Introduction

The proposed new Kyoto Protocol establishes very
aggressive targets and timetables for limiting green-
house gas emissions for developed countries. Al-
though a few developed nations would be allowed
to increase their emissions above 1990 levels during
the 2008-2012 period, most nations would be re-
quired to limit greenhouse gas emissions to between
6 and 8 percent below 1990 levels.

The framing of these targets is a misleading indica-
tor of the extent to which emissions of greenhouse
gases would have to be constrained. In the U.S., for
example, government projections of carbon emis-
sions, in the absence of new policies to limit those
emissions, exceed the Kyoto Protocol target by 44
percent in 2010 and 56 percent in 2020. Phrased dif-
ferently, the U.S. would have to reduce its carbon
emissions by 31 percent from a 2010 business-as-
usual projection to meet the Kyoto target. In con-
trast, greenhouse gas emissions in developing coun-
tries are allowed to grow unconstrained under the
Kyoto Protocol.

This study provides a concise and transparent
means of evaluating the ease or difficulty of meeting
the Kyoto targets for most Organization for Eco-
nomic Co-operation and Development (OECD)
countries.! The approach taken is not a traditional
macroeconomic modeling approach. That approach
asks the question, what price must be put on carbon
emissions, and therefore fossil fuel use, either
through a carbon tax or an equivalent tradable per-
mit system to meet the Kyoto targets. A strength of
the macroeconomic approach, sometimes called a
“top-down” approach, is that it evaluates a policy —
increased energy costs that alter the behavior of
businesses and individuals. At the same time, how-
ever, the top-down approach does not provide
highly detailed information on exactly how busi-
nesses and individuals would alter their behavior
and the equipment they purchase.

Another approach not taken is the traditional engi-
neering technology approach like that presented in

! The 21-member countries of the OECD reviewed in this
report include Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Ireland,
Italy, Japan, Luxembourg, Netherlands, New Zealand,
Portugal, Spain, Sweden, Switzerland, United Kingdom,
and United States.

recent U.S. national laboratory studies. Such studies
seek in general to identify the types of equipment
changes needed to limit emissions for industries,
commercial establishments; homesand transporta-
tion systems. A strength of the “bottoms-up” ap-
proach, as it is sometimes called, is that it identifies
the quantity of alternative technologies that must be
installed to limit emissions to some target level. An
important weakness of the bottoms-up approach is
that it has difficulty explaining why businesses and
individuals do not already use specific technologies
and, more importantly, what policies would be re-
quired to alter the behavior of individuals and busi-
nesses so as to achieve the emission reduction tar-
gets. . -

This study takes a simpler but more intuitive ap-
proach and provides a way to compare the level of
effort or amount of change required to meet the
Kyoto emissions targets ‘with current projections of
emissions as well as past periods when emissions
were significantly constrained. That is, this ap-
proach provides a yardstick to evaluate how much
behavior must be altered from current and expected
behavior, and how this altered behavior compares to
past experience, especially the effort to limit energy
use (and thereby carbon emissions) during the en-
ergy crisis years of 1974-1986.

In the U.S., for example, carbon emissions in 1986
equaled those in 1973. This 13-year period is about
the same length as the period between now and the
end of the Kyoto target period for limiting emis-
sions. How does the effort required to limit emis-
sions between now and 2008-2012 compare to the
effort to limit energy use over the 1974-1986 period?
And how do the U.S. efforts compare with the ef-
forts of other OECD countries?

This study uses an algebraic identity to provide the
necessary yardstick to make these comparisons. In
the “Kaya Identity,”2 carbon emissions depend en-
tirely on the carbon content of energy used in the
economy, the energy intensity of economic activity,

2 The Kaya Identity has been used in a number of
analyses. An early reference is: Kaya, Y., “Impact of
Carbon Dioxide Emission Control on GNP Growth:
Interpretation of Proposed Scenarios,” paper presented to
the IPCC Energy and Industry Subgroup, Response
Strategies Working Group, Paris, France, 1990.



per capita economic activity and population. As
such, the Kaya Identity does not identify or evaluate
specific policies. Rather, it evaluates the extent of
change required to reach a specific target.

Chapter II provides background on the December
1997 Kyoto Protocol agreement, including an evalua-
tion of two major earlier efforts to limit carbon emis-
sions — efforts that largely failed. Chapter III ex-
plains the Kaya Identity approach and applies the
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methodology to the United States. Chapters IV and
V extend the analysis to the other OECD countries.
Chapter VI looks at the Kyoto targets in light of past
maximum changes in Kaya Identity components.
Chapter VII summarizes the results. Appendices A
and B provide information on emissions projections,
as well as detailed data on the average annual per-
cent changes in carbon emissions and the Kaya Iden-
tity factors affecting these emissions for each of the
21-member OECD countries.



ll. The Kyoto Protocol and Previous Commitments

A. Overview

In December 1997, in Kyoto, Japan, more than 150
countries concluded negotiations under the Frame-
work Convention on Climate Change (FCCC) on
proposed new stringent limitations on developed
country emissions of greenhouse gases. The Kyoto
Protocol, as the proposed new treaty is called, was in
fact the culmination of negotiations initiated in mid-
1995 at the First Conference of Parties to the Frame-
work Convention on Climate Change. And the 1995
meeting was the first meeting of the countries that
had ratified the FCCC, which itself was negotiated in
1992.

While the Protocol is a complex document, a key
component specifies targets and timetables for emis-
sion limitations on six anthropogenic greenhouse
gases from developed countries, the so-called Annex
I countries. A focus of the negotiations was on car-
bon dioxide (CO;) emissions from the use of fossil
fuels — coal, natural gas, and petroleum. The pro-
posed Protocol places no limits on greenhouse gas
emissions from developing countries.

The carbon emissions targets for most Annex I coun-
tries are between 6 and 8 percent below 1990 emis-
sions levels, although a few countries are allowed to
exceed their 1990 level emissions. The timetable for
reaching targeted levels is 2008-2012. While the
terminology may make the targets sound modest,
they are not. For the U.S., for example, basecase or
reference case carbon emission projections by the
US. Energy Information Administration for 2010, a
little over a decade from now, are 44 percent greater
than would be allowed under the Kyoto Protocol.

Before addressing the implications of the Kyoto Pro-
tocol for OECD countries, it is important to remem-
ber that this is not the first effort to put limits on
greenhouse gas emissions. In fact, the Kyoto Proto-
col is the third in a series of commitments to limit
greenhouse gas emissions.

The first set of commitments were made during the
1988-1990 period. Although there were some dis-
cussions within the European Community as a
whole, the commitments at that time were primarily
made by individual countries. The second set of
emissions commitments or aims were made primar-
ily in conjunction with the drafting, signing, and

ratification of the Framework Convention on Cli-
mate Change in the 1991-1995 period. The proposed
Kyoto Protocol, as noted, is the result of negotiations
covering the 1995-1997 period. Reviewing the ap-
parent success or failure to meet these earlier com-
mitments provides a very useful perspective in
evaluating the proposed new Kyoto Protocol emis-
sion limitation targets.

B. Early Emission Reduction
Commitments

Climate Change Policy Initiatives, published in 1992 by
the International Energy Agency/OECD, provides a
useful summary of early national commitments to
limit greenhouse gas emissions, particularly carbon
emissions from the use of fossil fuels. Table II-1
summarizes the early commitments identified in that
source.

The table also compares these emission targets with
recent emissions projections that are variously re-
ferred to as “business-as-usual”, or “reference case”
or “base case” projections3 These terms refer to
projections that take into account all existing specific
government policies that impact future emissions.
They do not take into account additional policies
that might be implemented in the future, perhaps in
response to the Kyoto Protocol.

‘The commitments listed in Table II-1 reflected early

concerns about potential global warming which
were expressed, for example, at an international
meeting in Toronto in 1988. ‘This 1988 meeting led to
an “Action Plan of the Toronto Conference” which
discussed a target of returning national emissions to
20 percent below 1988 levels by 2005. At the time,
there was little in-depth analysis of the actions re-
quired and resulting economic impacts that would
follow the implementation of such a policy.

3 The emissions history and projections are described in
greater detail elsewhere in this report (see Appendix A).
But in essence, the EU country projections are from the EU
Directorate General for Energy (DG XVII) Energy in Europe
— European Energy to 2020: Scenario Approach; the U.S.
projection is derived from the U.S. Energy Information
Administration Annual Energy Outlook 1998, and the
projections for other OECD countries are from Energy
Policies of IEA Countries — 1997 Review, published by the
International Energy Agency/OECD. A brief comparison
of the EU and IEA projections is contained in Appendix A.
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Table Ii-1
Early Emission Reduction Commitments — Success or Failure?

Date Made &

Emissions Projections

Country Type of Commitment Target Relative to Target
Austria 1988 Action Plan of Toronto Conference ~ 80% of 1988 levels in 2005 Exceed target by 51%
Denmark 1990 Action Plans 80% of 1988 levels in 2005 Exceed target by 35%
Germany 1990 Interministerial Working Group 72.5% of 1987 levels in 2005  Exceed ;érg'et by 31%
Luxembourg 1990 Goal 80% of 1990 levels in 2005 Meet target
Netherlands 1990 NEPP-Plus Plan 96% of 1989/90 in 2000 Exceed target by 8%

Norway 1989 Preliminary 100% of 1989 levels in 2000  Projection not available
Switzerland 1990 Federal Council Action 100% of 1990 levels in 2000  Below target by 3%
Australia 1990 Planning Target 80% of 1988 levels in 2005 Exceed target by 82%
New Zealand 1990 Climate Change Programme 80% of 1990 in 2005 Exceed target by 40%

Projections: See discussion in text and Table II-2.

Sources: Commitments: International Energy Agency/OECD, Climate Change Policy Initiatives, 1992.

Prior to 1991, six of the countries listed in Table II-1
made national commitments to limit emissions in
2005 to 20 percent or more below the levels reached
in 1988, 1989 or 1990. Three of them made commit-
ments to return emissions to at or slightly below
1989 or 1990 levels by 2000.

How many of these nine countries appear likely to
meet these early commitments to limit carbon emis-
sions? Compared to current “reference case” projec-
tions it appears that:

e five of the six nations with year 2005 targets
of 20 percent or more below 1987 to 1990
levels will exceed their early targets by very
wide margins ranging from 30 percent to 80
percent. These countries are Austria, Den-
mark, Germany, Australia and New Zea-
land;

e Luxembourg may meet its aggressive target
of 20 percent below 1990 levels by 2005, but
it is important to note that Luxembourg's
1990 level emissions were only about 1 per-
cent of those of Germany;

¢ Netherlands' emissions likely will exceed
the much less aggressive early target which
was 4 percent below 1989/90 levels in 2000
by about 8 percent;

e Switzerland may succeed in limiting its
emissions to slightly below its less aggres-
sive target of 1990 levels in 2000; and

e no comparable projection was available to
make a judgment whether or not Norway
might meet its early commitment.

In sum, six of the nine countries appear likely to ex-
ceed their early commitments by wide to very wide
margins, the smallest country might meet its com-
mitment, one country may have emissions some-
what below its early commitment, and for one coun-
try data are not adequate to make a judgment.
While these countries still have some time to imple-
ment additional and more stringent policies to fur-
ther constrain emissions, it also must be acknowl-
edged that the commitments in question were made
seven or more years ago. In sum, for most of the
countries in Table II-1, the policies enacted to date
have not been adequate to meet these early emission
limitation commitments.

In retrospect, these early commitments simply offer
a good example of the difficulty of reducing carbon
emissions at a future date to levels significantly be-
low a past date while population and economic ac-
tivity are increasing. For example, three countries in
Table II-1 made commitments to limit emissions in
2005 to 20 percent below 1988 levels. While carbon
emissions were pledged to decline 20 percent over
the 17-year interval, population in Austria, Denmark
and Australia is projected to increase by 8 percent, 2
percent, and 22 percent, respectively. And for eco-
nomic standards of living to increase, economic ac-
tivity (GDP) must increase more than population.
And that is the case. For Austria, Denmark and
Australia, real GDP is projected to increase 54 per-



cent, 46 percent, and 62 percent, respectively. Re-
ducing emissions by 20 percent while population is
increasing 2 percent to 22 percent and GDP is in-
creasing 50 percent to 60 percent was clearly a task
far more difficult than those making the commit-
ments appreciated.

C. The Emission Limitation Aims of the
UN Framework Convention on
Climate Change

In the early 1990s, a series of international negotia-
tions on climate change led to the signing of the
United Nations Framework Convention on Climate
Change (FCCC) in June, 1992. One hundred and
fifty-four countries signed the Framework Conven-
tion at the UN conference on the Environment and
Development in Rio de Janeiro. After receiving the
required ratification by 50 countries, including the
United States, the Framework Convention entered
into force on March 21, 1994, becoming international
law for all Parties (countries) that had ratified it.
The first official meeting of the Parties of the FCCC
was held in Berlin in 1995.

The Framework Convention established a number of
legally binding commitment for all Parties to the
Convention. These generally non-intrusive obliga-
tions included, but were not limited to:

e preparation of national inventories of an-
thropogenic greenhouse gas emissions;

* development of programs to mitigate effects
of greenhouse gases and promote measures
of adaptation to climate change;

¢ technology co-operation;

* sustainable management of greenhouse gas
sinks and reservoirs;

e integration of climate change considerations
in the formulation of other policies;

e scientific research to reduce scientific uncer-
tainties about possible climate change;

¢ exchanges of information.
Additionally, the Framework Convention estab-

lished a number of legally binding obligations that
fell only on the so-called Annex I nations. Annex I (a
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list of countries in the Framework Convention) in-
cludes the OECD countries except Mexico, the mem-
bers of the European Union,* and eleven ex-Soviet
Bloc countries sometimes referred to as “countries in
transition” to market economies.

Key among the obligations of Annex [ countries, but
not the developing nations, is an obtusely formu-
lated aim to limit greenhouse gas emissions. Article
4.2(a) of the Framework Convention states that each
Annex I Party shall take policies and measures to
limit its anthropogenic emissions of greenhouse
gases. These policies and measures:

e “will demonstrate that developed countries
are taking the lead in modifying longer-term
trends in anthropogenic emissions...”

e “recognizing that the return by the end of
the present decade to earlier levels of an-
thropogenic emissions of carbon dioxide and
other greenhouse gases not controlled by the
Montreal Protocol would contribute to such
modification....”

And Article 4.2(b) states that each Party shall detail
policies and measures:

¢ “with the aim of returning individually or
jointly to their 1990 levels of these anthropo-
genic emissions of carbon dioxide and other
greenhouse gases not controlled by the
Montreal Protocol.”

Clearly, the Framework Convention did not estab-
lish a specific target and timetable for a reduction in
Annex I country greenhouse gases. Equally clear,
however, was an emphasis on one of the greenhouse
gases, carbon dioxide, as well as a target, 1990 level
emissions, and a timetable, the end of the present
decade, i.e., the year 2000.

Prior to and after the negotiation, signing, and ratifi-
cation of the Framework Convention, many Annex |
Parties made national commitments to limit their
greenhouse gas emissions and or their carbon diox-
ide emissions to 1990 levels by the year 2000.

1 The 15-member countries of the European Union include
Austria, Belgium, Denmark, Finland, France, Germany,
Greece, Ireland, Italy, Luxembourg, Netherlands,
Portugal, Spain, Sweden, and United Kingdom.
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For the United States, this commitment was made on
April 21, 1993, with the plan to achieve this com-
mitment being issued as The Climate Change Action
Plan in October 1993. The text box provides a quota-
tion from that Action Plan.

The Climate Change-Action Plan

Today, I reaffirm my personal, and announce our na-
tion’s commitment to reducing our emissions of green-
house gases to their 1990 levels by the year 2000. I am
instructing my administration to produce a cost-effec-
tive plan...that can continue the trend of reduced emis-
sions. This must be a clarion call, not for more bureauc-
racy or regulation or unnecessary costs, but instead for
American ingenuity and creativity, to produce the best
and most energy-efficient technology.”

President Clinton
April 21, 1993

After the Framework Convention was signed, the
International Energy Agency/OECD developed an
updated summary of national commitments or aims
for limiting carbon dioxide and/or greenhouse gas
emissions. This update was published as Climate
Change Policy Initiatives - 1994 Update - Volume I -
OECD Countries.

As summarized in the IEA/OECD 1994 update,
most OECD Annex I parties established national
commitments or aims to limit carbon dioxide and/or
greenhouse gas emissions to 1990 levels by 2000,
although the commitments were made in somewhat
varying forms. While the European Union as a
whole made a commitment to limit emissions to
1990 levels in 2000, individual EU members made a
variety of commitments, some of which allowed
growth in emissions. And until very recently there
was no explicit attempt to reconcile the sum of the
various national commitments with the overall EU
commitment. Other nations, like Japan, made com-
mitments in the form of per-capita emissions goals.

Table II-2 provides a comparison of recent govern-
mental projections of carbon dioxide emissions for
2000 with 1990 level emissions for OECD countries.
For the OECD countries as a whole, year 2000 emis-
sions are projected to exceed the 1990 target by
about 12 percent, or about 340 million metric tons

carbon. This total excludes Iceland, Norway and
Turkey, because comparable governmental projec-
tions of energy consumption and carbon emissions
were not available.

Compared to the EU's own projections, total EU
emissions are expected to exceed 1990 levels in the
year 2000 by about 4 percent. Ofily Luxembourg,
the smallest by far of the countries, appears likely to
have emissions substantially below the year 2000
target.

Germany's year 2000 emissions are expected to be
slightly below 1990 levels, in large part because of
the unification with East Germany after 1990, and
the subsequent closure of many highly inefficient old
East German production facilities and the elimina-
tion of subsidized energy. However, Germany has a
self-proclaimed aim of reducing carbon emissions
from energy to 25 percent to 30 percent below 1987
levels by 2005 (with 1987 levels being about 4 per- .
cent larger than 1990 levels). Compared to the EU’s
projections, Germany will fall far short of this goal.

Compared to the EU projection, carbon emissions in
Great Britain will exceed 1990 levels in year 2000 by
about 3 percent. Under some other projections, the
UK’s emissions fall somewhat below-1990 levels in
2000. In either case, approximately reaching the
year 2000 target is largely due to policy shifts that
allowed and promoted the use of natural gas in elec-
tricity generation. This one-time switch from coal to
gas in electricity generation significantly lowered the
path of future carbon emissions.5

Japan’s carbon emissions, and those of Australia,
Canada, New Zealand and the U.S. are projected to
exceed 1990 levels in 2000 by 8 percent to 23 percent.

In summary, only three of the twenty-one OECD
countries for which forecasts are available are ex-
pected to meet the aim of limiting carbon emissions
in year 2000 to 1990 levels. Two of those countries
are among the four smallest countries reviewed, and
the third, Germany, achieves the target largely be-
cause of reunification.

5 See note in Table II-2 and Appendix A for discussion of
alternative projections.
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Table II-2
OECD Carbon Emissions: Comparison of 1990 and Projected Year 2000 Emissions
(million metric tons carbon)
1990 Emissions as  Projected Year 2000
Country the 2000 Target Emissions Difference % Difference

Austria 17.6 19.5 1.9 11%

Belgium 30.7 31.6 08 . . 3%

Denmark 15.1 18.3 3.2 21%

Finland 17.3 223 5.0 29%

France 109.7 116.6 6.9 6%

Germany 274.0 267.3 -6.7 2%

Great Britain 162.3 167.9 5.6 3%

Greece 19.5 22.0 2.4 13%

Ireland 9.0 10.1 1.2 13%

Italy 113.1 123.8 10.7 9%

Luxembourg 2.8 2.3 -0.6 -20%

Netherlands 48.1 49.3 1.2 3%

Portugal 13.0 15.9 29 . 23%

Spain 60.5 63.4 2.9 5%

Sweden 18.6 . 33 _ 18%

Eﬁ[ eanﬂ-[g Ny 1FS »' ' “ . —4058 o 4%

Switzerland 12.7 . -0.4 -3%

Australia 73.8 90.6 16.8 23%

Canada 126.1 143.1 16.9 13%

Japan 306.2 330.0 23.7 8%

New Zealand 7.3 8.2 0.9 12%

U.S. . 1,377.1 1,621.5 244.4 18%

Total All Countries' -« .4 .. 2.814.7 43,1578 ¢ 3431 12%

Sources: See description in text. Includes carbon dioxide, measured in metric tonnes carbon, from fossil fuels plus 50
percent of carbon from combustibles and other solid fuels. 1990 data calculated from IEA/OECD Energy Balances of
OECD Countries using IPCC suggested methodology. Year 2000 data calculated from government projections show-
ing 1990 data and year 2000 projections, linked to the OECD Energy Balances data.

Iceland, Norway, and Turkey are not included because comparable governmental energy and emissions projections were
not available. It should be noted that Turkey has requested that it be removed from the Annex I obligations under
the Framework Convention on Climate Change.

As noted in Appendix A, alternative projections for 2000 and 2010 exist. For example, IEA projections have emissions in
some countries substantially higher (Finland, Greece and Ireland). Germany's emissions are somewhat lower.
Emissions for Great Britain are lower in 2000, but about the same in 2010.

Many factors contribute to the failure to meet this
aim of the Framework Convention on Climate
Change. Even though nations adopting the Frame-
work Convention’s emissions aim introduced a wide
variety of policies to limit emissions$ policies must
be stringent enough to offset population and eco-
nomic growth. Compared to a target of keeping
year 2000 emissions at 1990 levels, the population in
both the EU and Japan is projected to increase about
3 percent and GDP about 24 percent. In the US,
Australia and Canada, population is projected to

6 A useful perspective on these policies is available in the
IEA/QECD publication Climate Change Policy Initiatives -
1994 Update.

increase 10 percent to 12 percent, while GDP is pro-
jected to increase 20 percent to 35 percent.

An even more useful perspective, however, is gained
by taking a more detailed look at the underlying
economic and energy use factors that link carbon
emissions and energy use with fundamental eco-
nomic factors. These include population growth and
-increases in per capita gross domestic product (GDP).
which tend to increase emissions, reductions in the
energy intensity of GDP which tend to slow carbon
emission growth, and changes in a nation’s fuel mix
which can push emissions upward or downward.
However, before assessing these factors in detail, the
emission limitation commitments made under the
proposed Kyoto Protocol are reviewed.
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D. Kyoto Protocol Targets and
Timetable

The proposed Kyoto Protocol to the Framework
Convention on Climate Change, agreed to in De-
cember 1997, set new greenhouse gas emission tar-
gets and timetables for Annex I nations. This pro-
posed protocol was the result of an intensive two-
year round of negotiations that culminated in all-
night negotiating sessions before agreement was
reached.

The ground rules for the negotiating process were
established at the First Conference of Parties, the
first meeting of the countries that ratified the
Framework Convention, in 1995. A decision docu-
ment referred to as the “Berlin Mandate” specifies
key findings and ground rules, such as:

s the emission limitation obligations contained
in the 1992 Framework Convention “are not
adequate” and the Parties of the Conference
agree “to begin a process to enable it to take
appropriate action for the period beyond
2000...” (see Adoption of Decisions section)

o the negotiating process will aim “to set
quantified limitation and reduction objec-
tives [for developed country/other Parties
included in Annex I] within specified time-
frames, such as 2005, 2010 and 2020, for
their anthropogenic emissions by sources
and removals by sinks of greenhouse gases
not controlled by the Montreal Protocol....”
(see Section II)

e the negotiating process will “not introduce
any new commitments for Parties not in-
_cluded in Annex I...." (see Section II)

e the negotiating process should be completed
“as early as possible in 1997 with a view to
adopting the results at the third session of

the Conference of the Parties.” (see Section
I1I).

The end result of this negotiating process, the pro-
posed Kyoto Protocol, establishes a “commitment
period” covering 2008-2012. During this period,
emissions of anthropogenic greenhouse gases (in
carbon dioxide equivalents) in each country should
not exceed five times a certain percentage of that
country's emissions in 1990 (three small volume but

potent greenhouse gases use 1995 as a base year).
Because the commitment period centers on 2010,
comparisons of projections for 2010 with 1990 levels
provide a useful barometer of how easy or how dif-
ficult it will be for countries to meet their targets.
The specific targets for the Annex I countries, as a
percentage of 1990 levels emissions, are summarized
in Table II-3.

Table 1I-3
Kyoto Protocol Emission
Limitation Targets for 2008-2012

As % of 1990 Level Country/Region
110% Iceland
108% Australia -
101% Norway
100% New Zealand
. Russian Federation*
Ukraine*
95% Croatia*
94% Canada
Japan
Poland*
93% United States
92% EU countries as a total

(targets for

individual EU

countries to be

specified

by the EU within an

EU “bubble”)
Bulgaria*
Czech Republic*
Estonia*
Hungary*
Latvia*
Liechtenstein
Lithuania*
Monoco
Romania*
Slovakia*
Slovenia*
Switzerland

*Ex-Soviet Bloc countries — in transition to
market economies




The Kyoto Protocol also established a number of
other mechanism that in principle could influence
the level of emissions reductions required in a spe-
cific country. However, as indicated below, the sig-
nificance of these mechanisms is difficult to deter-
mine at this time. These mechanisms include:

Emissions Trading: Article 3.10 of the Kyoto
Protocol allows countries to trade their
“emission reduction units”, thereby altering
their national emission reduction targets
upward or downward. However, Article 17
indicates that the Conference of Parties shall
define the relevant “principles, modalities,
and rules and guidelines, in particular for
verification, reporting and accountability for
emissions trading.” Trading is also sup-
posed to be “supplemental to domestic ac-
tions...."

Hence, the Kyoto Protocol in theory allows
trading but contains no rules for trading.
Presumably, no trading can occur until such

Implications of the Kyoto Protocol Targets for OECD Countries

extent that other gases do not meet their
emission limitation targets, emissions of car-
bon dioxide from fossil fuels would have to
be reduced even more for a country to meet
its overall target.

Bubbles, Meeting Targets Jointly, gnd Joint Im-

plementation: Article 3 allows Parties in
Annex | to meet their targets “individually
or jointly” in the aggregate. This allows the
EU countries to operate under the long-de-
clared EU “bubble” — individual country
emissions can be above or below the 92 per-
cent of 1990 level target as long as the EU
aggregate achieves the targeted level. How-
ever, other countries also could agree to
meet their combined aggregate target
jointly. The Protocol also allows “joint im-
plementation” among Annex” I countries.
These are project specific emission reduction
efforts undertaken by one Party in another
Annex [ country.

rules exist, and those rules also could be Sinks: Sinks refers to the;ability of plants to pull

subsequently altered. Until rules exist, it is
difficult to develop any credible estimates of
how large such trading might be. When such
rules might be developed is problematic,
given the diverse and strongly held views
about trading that were expressed in the ne-
gotiations leading to the protocol and pre-
vented the inclusion of trading rules in the
protocol.

Other Gases: The Kyoto Protocol covers the
“aggregate anthropogenic carbon dioxide
equivalent emissions” of six greenhouse
gases, carbon dioxide (COg), methane (CHy),
nitrous oxide (Nz0), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur
hexafluoride (SFs) The first three gases use
a 1990 base year and the last three gases use
a 1995 base year for the 2008-2012 emission
limitation targets. For most countries, car-
bon emissions make up the bulk of total car-
bon dioxide equivalent emissions.” To the

7 The U.S. Climate Action Report, also known as the
“Second National Communication” under the FCCC,
summarizes U.S. emissions. Carbon emissions account for

carbon from the atmosphere as they grow,
thereby sequestering carbon. The Kyoto
Protocol appears to require that changes in
emissions, relative to 1990 levels, from direct
human-induced land use changes and for-
estry activities which impact this sequestra-
tion be counted. Whether including sinks
increases a nation’s emission reduction tar-
get or decreases the target depends on the
nature of land use change, afforestation, re-
forestation, deforestation, etc.

This formulation might cause difficulty for
countries with growing populations. The
population in the U.S., for example, is ex-
pected to increase by about 50 million peo-
ple between 1990 and 2010. This implies di-
rect human induced land-use changes for
roads and housing, etc. that tend to reduce
sequestration of carbon. Unless other pro-
grams exist to offset any such reduced se-
questration, then greater reductions in an-
thropogenic emissions of the six greenhouse
gases would be required for a nation to meet
its overall emissions limitation target.
Again, the rules for this category of emis-
sions have yet to be written, and their poten-

85 percent of total carbon equivalent emissions, followed

by methane (11 percent), nitrous oxide (2 percent) and between 1990 and 1995, HFC and PFC emissions

small amounts of HFCs, PFCs and SF6s. However, increased more than 60 percent.
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Table II-2
OECD Carbon Emissions: Comparison of 1990 and Projected Year 2000 Emissions
(million metric tons carbon)
1990 Emissions as  Projected Year 2000
Country the 2000 Target Emissions Difference % Difference

Austria 17.6 19.5 1.9 11%

Belgium 30.7 31.6 08 . .. 3%

Denmark 15.1 18.3 3.2 21%

Finland 17.3 22.3 5.0 29%

France 109.7 116.6 6.9 6%

Germany 274.0 267.3 -6.7 -2%

Great Britain 162.3 167.9 5.6 3%

Greece 19.5 22.0 2.4 13%

Ireland 9.0 10.1 1.2 13%

Italy 113.1 123.8 10.7 9%

Luxembourg 2.8 2.3 -0.6 -20%

Netherlands 48.1 49.3 1.2 3%

Portugal 13.0 15.9 2.9 23%

Spain 60.5 63.4 2.9 5%

Sweden 186 21.9 3.3 18%
peantni ©911.3) ih 9821 408: ;. 4%

Switzerland 12.7 12.4 -0.4 -3%

Australia 73.8 90.6 16.8 23%

Canada 126.1 143.1 16.9 13%

Japan 306.2 330.0 23.7 8%

New Zealand 7.3 8.2 0.9 12%

uUs. o ] 1,377.1 ) 1,621.5 244.4 18%
“Total All Cotintries ™~ " ..7% 281477 .7 " 31578 343.1. 12%

Sources: See description in text. Includes carbon dioxide, measured in metric tonnes carbon, from fossil fuels plus 50
percent of carbon from combustibles and other solid fuels. 1990 data calculated from IEA/OECD Energy Balances of
OECD Countries using IPCC suggested methodology. Year 2000 data calculated from government projections show-
ing 1990 data and year 2000 projections, linked to the OECD Energy Balances data.

Iceland, Norway, and Turkey are not included because comparable governmental energy and emissions projections were
not available. It should be noted that Turkey has requested that it be removed from the Annex I obligations under
the Framework Convention on Climate Change.

As noted in Appendix A, alternative projections for 2000 and 2010 exist. For example, IEA projections have emissions in
some couniries substantially higher (Finland, Greece and Ireland). Germany’s emissions are somewhat lower.
Emissions for Great Britain are lower in 2000, but about the same in 2010.

Many factors contribute to the failure to meet this
aim of the Framework Convention on Climate
Change. Even though nations adopting the Frame-
work Convention's emissions aim introduced a wide
variety of policies to limit emissions,6 policies must
be stringent enough to offset population and eco-
nomic growth. Compared to a target of keeping
year 2000 emissions at 1990 levels, the population in
both the EU and Japan is projected to increase about
3 percent and GDP about 24 percent. In the U.S.,,
Australia and Canada, population is projected to

6 A useful perspective on these policies is available in the
IEA/OECD publication Climate Change Policy Initiatives -
1994 Update.

increase 10 percent to 12 percent, while GDP is pro-
jected to increase 20 percent to 35 percent.

An even more useful perspective, however, is gained
by taking a more detailed look at the underlying
economic and energy use factors that link carbon
emissions and emergy use with fundamental eco-
nomic factors. These include population growth and
increases in per capita gross domestic product (GDP)
which tend to increase emissions, reductions in the
energy intensity of GDP which tend to slow carbon
emission growth, and changes in a nation's fuel mix
which can push emissions upward or downward.
However, before assessing these factors in detail, the
emission limitation commitments made under the
proposed Kyoto Protocol are reviewed.
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D. Kyoto Protocol Targets and
Timetable

The proposed Kyoto Protocol to the Framework
Convention on Climate Change, agreed to in De-
cember 1997, set new greenhouse gas emission tar-
gets and timetables for Annex [ nations. This pro-
posed protocol was the result of an intensive two-
year round of negotiations that culminated in all-
night negotiating sessions before agreement was
reached.

The ground rules for the negotiating process were
established at the First Conference of Parties, the
first meeting of the countries that ratified the
Framework Convention, in 1995. A decision docu-
ment referred to as the “Berlin Mandate” specifies
key findings and ground rules, such as:

¢ the emission limitation abligations contained
in the 1992 Framework Convention “are not
adequate” and the Parties of the Conference
agree “to begin a process to enable it to take
appropriate action for the period beyond
2000..." (see Adoption of Decisions section)

» the negotiating process will aim “to set
quantified limitation and reduction objec-
tives [for developed country/other Parties
included in Annex I} within specified time-
frames, such as 2005, 2010 and 2020, for
their anthropogenic emissions by sources
and removals by sinks of greenhouse gases
not controlled by the Montreal Protocol....”
(see Section II)

¢ the negotiating process will “not introduce
any new commitments for Parties not in-
cluded in Annex L...." (see Section II)

e the negotiating process should be completed
“as early as possible in 1997 with a view to
adopting the resuits at the third session of

the Conference of the Parties.” (see Section
I11).

The end result of this negotiating process, the pro-
posed Kyoto Protocol, establishes a “commitment
period™ covering 2008-2012. During this period,
emissions of anthropogenic greenhouse gases (in
carbon dioxide equivalents) in each country should
not exceed five times a certain percentage of that
country’s emissions in 1990 (three small volume but

potent greenhouse gases use 1995 as a base year).
Because the commitment period centers on 2010.
comparisons of projections for 2010 with 1990 levels
provide a useful barometer of how easy or how dif-
ficult it will be for countries to meet their targets.
The specific targets for the Annex I countries, as a
percentage of 1990 levels emissions, are summarized
in Table II-3. '

Table 1I-3
Kyoto Protocol Emission
Limitation Targets for 2008-2012

As % of 1990 Level Country/Region

110% Iceland

108% Australia  _

101% Norway

100% New Zealand
Russian Federation*
Ukraine*

95% Croatia*

94% Canada
Japan
Poland*

93% United States

92% EU countries as a total

(targets for

individual EU

countries to be

specified

by the EU within an

EU “bubble”)
Bulgaria*
Czech Republic*
Estonia*
Hungary*
Latvia*
Liechtenstein
Lithuania*
Monoco
Romania*
Slovakia*
Slovenia*
Switzerland

*Ex-Soviet Bloc countries — in transition to
market economies
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The Kyoto Protocol also established a number of
other mechanism that in principle could influence
the level of emissions reductions required in a spe-
cific country. However, as indicated below, the sig-
nificance of these mechanisms is difficult to deter-
mine at this time. These mechanisms include:

Emissions Trading: Article 3.10 of the Kyoto
Protocol allows countries to trade their
“emission reduction units”, thereby altering
their national emission reduction targets
upward or downward. However, Article 17
indicates that the Conference of Parties shall
define the relevant “principles, modalities,
and rules and guidelines, in particular for
verification, reporting and accountability for
emissions trading.” Trading is also sup-
posed to be “supplemental to domestic ac-
tions....”

Hence, the Kyoto Protocol in theory allows
trading but -contains no rules for trading.
Presumably, no trading can occur until such
rules exist, and those rules also could be
subsequently altered. Until rules exist, it is
difficult to develop any credible estimates of
how large such trading might be. When such
rules might be developed is problematic,
given the diverse and strongly held views
about trading that were expressed in the ne-
gotiations leading to the protocol and pre-
vented the inclusion of trading rules in the
protocol.

Other Gases: The Kyoto Protocol covers the
“aggregate anthropogenic carbon dioxide
equivalent emissions” of six greenhouse
gases, carbon dioxide (CO), methane (CHa),
nitrous oxide (N20), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur
hexafluoride (SF¢) The first three gases use
a 1990 base year and the last three gases use
a 1995 base year for the 2008-2012 emission
limitation targets. For most countries, car-
bon emissions make up the bulk of total car-
bon dioxide equivalent emissions.” To the

7 The U.S. Climate Action Report, also known as the
“Second National Communication” under the FCCC,
summarizes U.S. emissions. Carbon emissions account for
85 percent of total carbon equivalent emissions, followed
by methane (11 percent). nitrous oxide (2 percent) and
small amounts of HFCs, PFCs and SFK6s. However,

extent that other gases do not meet their
emission limitation targets, emissions of car-
bon dioxide from fossil fuels would have to
be reduced even more for a country to meet
its overall target.

Bubbles, Meeting Targets Jointly, apd Joint Im-

plementation: Article 3 allows Parties in
Annex I to meet their targets “individually
or jointly” in the aggregate. This allows the
EU countries to operate under the long-de-
clared EU "bubble” — individual country
emissions can be above or below the 92 per-
cent of 1990 level target as long as the EU
aggregate achieves the targeted level. How-
ever, other countries also could agree to
meet their combined aggregate target
jointly. The Protocol also allows “joint im-
plementation” among Annex 1 céuntries.
These are project specific emission reduction
efforts undertaken by one Party in another
Annex I country.

Sinks: Sinks refers to the ‘ability of plants to pull

carbon from the atmosphere as they grow,
thereby sequestering carbon. The Kyoto
Protocol appears to require that changes in
emissions, relative to 1990 levels, from direct
human-induced land use changes and for-
estry activities which impact this sequestra-
tion be counted. Whether including sinks
increases a nation's emission reduction tar-
get or decreases the target depends on the
nature of land use change, afforestation, re-
forestation, deforestation, etc.

This formulation might cause difficulty for
countries with growing populations. The
population in the U.S., for example, is ex-
pected to increase by about 50 million peo-
ple between 1990 and 2010. This implies di-
rect human induced land-use changes for
roads and housing, etc. that tend to reduce
sequestration of carbon. Unless other pro-
grams exist to offset any such reduced se-
questration, then greater reductions in an-
thropogenic emissions of the six greenhouse
gases would be required for a nation to meet
its overall emissions limitation target.
Again, the rules for this category of emis-
sions have yet to be written, and their poten-

between 1990 and 1995, HFC and PFC emissions
increased more than 60 percent.
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tial significance will depend critically on
those rules.

Clean Development Mechanism: Article 12 es-
tablishes a means by which Parties may un-
dertake project specific emission reduction
activities in developing nations. Such proj-
ects can start as early as 2000 and generate
emission reduction credits for the 2008-2012
period. However, the projects must be certi-
fied by an as yet to be established FCCC
body and a share of the proceeds of the
projects certified must be paid to that body.
Again, the extent to which this mechanism
may yield meaningful emission reductions
during the 2008-2012 period is indetermi-
nate at this time.

E. Emission Reductions Required by
the Kyoto Protocol

While the remainder of this report goes into some
detail about the nature of the emission limitation
commitments contained in the Kyoto Protocol, and
how easy or difficult it may be to meet these com-
mitments, Figure II-1 provides a useful overview to
these commitments for OECD countries/Annex I
countries. As noted earlier, Iceland and Norway are
not included because of data problems, and Turkey
is not included because it has no emission limitation
specified in the Kyoto Protocol.

The figure below provides an overview of the Kyoto
commitments for OECD countries. The pie on the
left represents the baseline or business-as-usual fore-
casted carbon emissions of the OECD countries in
the year 2010. It shows that in order to meet the
Kyoto protocol targets, emissions must be reduced
by 847 million metric tons from the total forecasted
- for the OECD of 3,471 million metric tons.

Sections of the pie show the amount of carbon emis-
sions allowed for countries or groups of countries
under the Kyoto Protocol. The bar on the right
shows the reductions in carbon emissions required
of these countries or regions in order for them to
meet their targets. For example, in order for the U.S.
to meet its target allowance of 1,281 million metric
tons in the year 2010, its emissions must be reduced
by 566 million metric tons. This represents a reduc-
tion of 31 percent from the U.S. government’s busi-
ness-as-usual baseline forecast of 1,847 million met-
ric tons in the year 2010.

Figure [I-1
The OECD’s Forecasted Carbon Emissions in
the Year 2010, the Kyoto Targets and Required
Reductions

T

Fo Carbon :
3,471 million metric tons 'R

us.

Allowed . Reduction 566
Emissions Required
Target: n to Meet
2,624 - Targets

153,5

In comparison, the 15-member nations of the Euro-
pean Union would be required to reduce their emis-
sions by 163 million metric tons in order to reach a
target total of 838 million metric tons. This reduc-
tion is 16 percent less than the 1,001 million metric
tons forecasted for the region. Similarly, the other
member countries of the OECD would be required
to reduce their emissions by 118 million metric tons
from a forecasted total of 623 million metric tons, or
by 19 percent.

The question of how easy or how hard it may be to
reach these emission reduction commitments has
been the subject of significant debate and many
analyses. The approach taken in this study is neither
another macroeconomic simulation (sometimes re-
ferred to as a “top-down” study) nor an engineer-
ing/technology assessment (called a “bottoms-up”
study). Rather, this study looks at the core variables
that drive emissions:

¢ population,
e per capita gross domestic product,
e the energy intensity of GDP, and

e the carbon content of energy used in the
economy.



In fact, carbon emissions cannot be changed from
baseline projected levels without changing one or
more of these four components of what is called the
Kaya Identity. How these components change be-
tween now and 2010 determines carbon emissions in
2010 in the baseline or business-as-usual projection.

Comparing how much these components must
change between now and 2010 to reach the emission
levels mandated by the Kyoto Protocol, versus the
changes in the business-as-usual projection,

Implications of the Kyoto Protoco! Targets for OECD Countries 11

provides a revealing indication of how easy or hard
it will be to achieve the Kyoto targets. Further. these
changes also are compared with changes that oc-
curred during the energy crisis years of 1973-1986, a
period in which U.S. inflation adjusted fossil fuel
prices quadrupled. As demonstrated in subsequent
chapters, the reductions in fossil energy.use required
by the Kyoto Protocol emission’ targets are quite
large, and would require changes in its determinants
well in excess of those which occurred in most mar-
ket economies during the energy crisis years.
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lll. Methodology and lllustration for the U.S.

A. Overview of the Kaya Identity®

Comparison of recent energy market forecasts
through 2010 and beyond with carbon emission limi-
tation targets and timetables contained in the pro-
posed Kyoto Protocol reveals a strong disconnect
between the world of energy market forecasting and
the world of international climate change policy. For
example, the U.S. Energy Information Administra-
tion's Annual Energy Outlook 1998 reference case
projects U.S. carbon emissions to be 44 percent
above the Kyoto target for the U.S. in 2010 and 56
percent above in 2020.

The Kaya Identity decomposes carbon emissions in a
way that allows comparison of past changes in key
components affecting emissions with changes that
would be required to meet the Kyoto Protocol’s pro-
posed emission targets. For example, the most dra-
matic alteration of U.S. carbon emissions trends in
the past 35 plus years occurred during the 1974-1986
period, sometimes referred to as the energy crisis
years. Although U.S. carbon emissions in 1985 and
1986 almost exactly matched emissions in 1973, the
_intervening years were marked by very large in-
creases in real energy prices, rapid growth of nuclear
power, numerous government programs to reduce
energy use, and a 50 percent reduction in the rate of
growth of per capita GDP. Over this period, the en-
ergy intensity of GDP declined an average of 2.1
percent per year.

The Kaya Identity provides a useful tool for charac-
terizing past changes in key factors impacting car-
bon emissions and allows a comparison with the
types of changes required to meet future emission
targets. Under the Kaya Identity formulation, car-
bon emissions depend on the carbon content of en-
ergy used in the economy, the energy intensity of
economic activity, per capita gross domestic product

8 This chapter updates and extends analysis presented in
“Carbon Emissions — A Kaya Identity Perspective on
Historic Emissions and Proposed Emission Reduction
Targets and Timetables” by Russell Jones and Barbara
Tierney, published in International Energy Markets,
Competition and Policy, Conference Proceedings of the 18th
Annual North American Conference of the U.S.
Association for Energy Economics, and the International
Association for Energy Economics, San Francisco,
September, 1997.

(GDP), and population. In equation form the Kaya
Identity is:

C = C/E * E/GDP * GDP/Populatiop * Population

where C equals carbon emissions and E equals en-
ergy use. For small to moderate changes in the Kaya
components between any two years, the sum of the
percent changes in each of the components (C/E,
E/GDP, GDP/Population, and Population) closely
approximates the percent change in carbon emis-
sions between those two years.

The historical trends in the Kaya Identity compo-
nents provide a reference point for evaluating cur-
rent baseline projections of carbon émissions as well
as the key economic, demographic and energy inten-
sity factors leading to those emissions. More signifi-
cantly, the past changes in the Kaya ldentity compo-
nents, especially during the period of the oil price
shocks, can be compared with the extent of change
required to meet emissions targets and timetables
proposed in the Kyoto Protocol. To the degree that
changes in energy intensity required to reach pro-
posed targets, given other assumptions, are outside
the scale of changes during the energy crisis years of
the 1970's and 1980’s, the viability of the proposed
targets and timetables must be seriously questioned.

The Kaya Identity approach makes it clear that un-
less economic growth is significantly slowed from
projected rates or large changes in the nation’s fuel
mix are made in the next decade, the effort required
domestically (i.e., without emissions trading) to
reach carbon emission limitation goals proposed by
the Kyoto Protocol would be more than twice that
required to limit energy use in the 1974-1986 period.

It should be noted that the Kaya Identity, by itself,
says little about the nature of policies that would be
required to reach the Kyoto targets. The Kaya Iden-
tity also does not evaluate the cost to the economy of
what and how products are made and consumed.
The Identity only provides a measure of the extent of
change required to reach the target. However, unless
new policies alter economic and energy trends sufficiently
so that the Kaya Identity requirements are met, the Kyoto
targets will not be achieved.

This chapter explains the application of the Kaya
Identity by summarizing Kaya Identity information
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Figure 1li-1
U.S. Kaya ldentity Components
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for the United States. This highlights historic trends
as well as current energy business-as-usual (also re-
ferred to as reference case or baseline) projections
into the next century. These results are then com-
pared with the targets contained in the Kyoto Proto-
col for the U.S. Finally, an assessment is made of the
effort that would be required to meet the target and
timetable in light of historical experience. Subse-
quent chapters look at all OECD countries.

B. Kaya Ildentity Components: Historic
Trends and Projections

1. Data

Energy data for 1960 - 1995 are available from the
OECD’s Energy Balances of OECD Countries. The
data used here are for total primary energy and in-
clude: coal, crude oil and petroleum products
(excluding non-energy use), natural gas, nuclear,
hydro-power, geothermal, solar, wind & other, com-
bustible renewables and waste, and other non-
specified combustion (for electricity generation or
heat).

The carbon content of these fuels is calculated fol-
lowing procedures suggested by the Intergovern-

mental Panel on Climate Change.® To allow for the
possibility that some of the carbon in current com-
bustible renewables and waste!® is in fact being
“recycled,” that is, drawn from the atmosphere and
then emitted during combustion, the carbon content
of these fuels is counted as only half that suggested
by the IPCC. As a practical matter, however, this
adjustment has no material impact on the analysis
because combustible renewables are such a small
part of energy supplies.

Historic GDP data are drawn from the OECD Na-
tional Income Accounts - Main Aggregates as well as
from the U.S. Economic Report of the President. Popu-
lation data are drawn from the OECD Labour Foice
Statistics and the U.S. Economic Report of the President.
Data and projections for the 1995 - 2010 period are
drawn from the U.S. Energy Information Admini-
stration’s Annual Energy Outlook 1998 reference case.

Figure III-1 provides a summary of the Kaya com-
ponents for the U.S. as well as a projection using the

% See Part 1 of Volume 3 of the Greenhouse Gas Inventory
Reference Manual - IPCC Draft Guidelines for National
Greenhouse Gas Inventories, 1994.

10 This category includes peat, wood, wood waste,
municipal waste, vegetal waste, industrial waste and
sulfite lies, but varies from country to country.
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Table liI-1
U.S. Kaya Identity Components
(average annual percent change)

1960-1973 1974-1986 1987-1995 1996-2000* 2001-2010*
Carbon (Million Mt) 4.0% 0.0% 1.4% 1.9% 1.3%
Carbon/Energy -0.2% -0.2% -0.4% 0.0% 0.1%
Energy/GDP 0.3% -2.1% -0.4% -0.6% v . -0.9%
GDP/Population 2.7% 1.3% 1.3% L.7% - 1.3%
Population 1.2% 1.0% 1.0% 0.9% 0.8%

Note: *Calculated using EIA, Annual Energy Outlook 1998, Reference case.

Energy Information Administration’s Annual Energy
Outlook 1998 reference case. All data have been con-
verted to index form with 1990 equal to 100. This
date was chosen because international negotiations
for limits on greenhouse gas emissions use 1990 lev-
els as a common reference point.

Table III-1 provides summary statistics for five time
periods within the 1960-2010 period illustrated in
Figure III-1. As will become more apparent in the
discussion below, the key criterion for the selection
of the time periods in Table III-1 was the annual
change in the energy/GDP ratio. For example, the
energy/GDP ratio declined every year during the
1974-1986 period with the exception of one year
(1976). The ratio even declined in 1986, despite the
dramatic collapse of world oil prices in that year.

2. The 1960-1973 Period

The 1960-1973 period was characterized by fairly
sustained U.S. economic growth. Population grew at
1.2 percent per year over this period, more rapidly
than in any subsequent period. Per capita income
(GDP/population) grew at an average annual rate of
2.7 percent over this period. Even though there was
a mild economic recession lasting from April 1960 to
February 1961, GDP per capita grew by 1.0 percent
between 1960 and 1961. As seen in Figure III-1, the
energy/GDP ratio declined somewhat during the
first few years of the 1960-1973 period and then rose
toward the end of the period. Over the entire pe-
riod, the energy/GDP ratio increased at an average
annual rate of 0.3 percent. Only the carbon content
of energy (the carbon/energy ratio) showed a mod-
est decline during this period. Overall, carbon emis-
sions increased at an average annual rate of 4.0 per-
cent between 1960 and 1973.

3. The 1974-1986 Period

This time period was marked by several important
events and changes in underlying trends that had a
dramatic impact on U.S. carbon emissions. First,
energy prices increased substantially. Between 1959

and 1972, real crude oil prices (domestic first pur-
chase price) stayed in a relatively narrow range of
$1.74 to $2.18 per million Btu in real 1992 dollars.u!
Between 1972 and 1974, real oil prices increased
from $1.74 to $3.08 per million Btu. Between 1978
and 1981, oil prices increased from $3.04 to $8.31 per
million Btu. Prices then declined somewhat in real
terms for a while and then fell substantially in 1986
to $2.68 per million Btu. Real wellhead natural gas
prices followed a different upward pattern, increas-
ing at a more measured pace from $0.57 per million
Btu in 1973 to a peak of $3.18 in 1983. Coal prices, in
real terms, more than doubled between 1971 and
1976.

Overall, the composite fossil fuel price for the U.S,,
in real 1992 dollars, roughly doubled between 1972
and 1976, and doubled again by 1981. During the
1981-1986 period, composite fossil fuel prices de-
clined slowly and then much more rapidly, but in
1986 they were still double the pre-1973 levels in real
terms. These price increases generated not only sub-
stantial market pressure for increases in energy effi-
ciency, but also numerous government programs
aimed at increasing energy efficiency, reducing
overall energy use, and lowering oil imports.

The second major factor affecting carbon emissions
was a significant slowing of economic growth —an
event arguably not completely independent of the
increases in energy prices. During the 1974-1986
period, three recessions jolted the economy, includ-
ing back-to-back recessions in 1980 and in 1981/82.
In all three of these recessions, U.S. GDP per capita
declined on a year to year basis.

The third key factor impacting carbon emissions
trends during this period was the growth of electric-
ity generated from nuclear power. Between 1972

Il Unless otherwise indicated, prices are from the U.S.
Energy Information Administration, Annual Energy Review
1995, Table 3.1.
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and 1978, U.S. nuclear power generation increased
from 15 million TOE (tonnes of oil equivalent en-
ergy, as reported by the OECD) to 76 million TOE.
Output declined to 69 million TOE in 1980, related to
the Three Mile Island reactor accident, but then re-
bounded to 114 million TOE in 1986, or more than 6
percent of total U.S. primary energy. This trend had
a major impact on the carbon content of overall U.S.
energy use. Of all Kaya Identity components, the
carbon/energy ratio has changed the least. The
primary cause of the reduction in the carbon/energy
ratio was the growth of nuclear power.

The Kaya Identity components shown in Table III-1
reflect these three factors quite clearly. First, the rate
of increase in per capita GDP slowed dramatically.
The average annual increase in GDP per capita over
the 1960-1973 period was 2.7 percent, but over the
1974-1986 period the increase slowed by more than
50 percent, down to 1.3 percent per year. Second,
the average annual change in the energy/GDP ratio
changed from an increase of 0.3 percent per year
over 1960-1973 to a decrease of 2.1 percent per year.
This change reflected a quadrupling of real energy
prices in the US., plus a host of government pro-
grams aimed at promoting increased energy effi-
ciency. Third, driven primarily by the expansion of
nuclear power, the carbon content of overall energy
declined at a 0.2 percent annual rate, the same as the
rate of decline in the 1960-1973 period.

These changes in the Kaya Identity components had
a dramatic impact on U.S. carbon emission trends.
Over the 1960-1973 period, U.S. carbon emissions
increased every year, at an average rate of 4.0 per-
cent. Starting from a level of 1.30 billion metric tons
(MT) in 1973, carbon emissions initially declined to
1.24 million MT by 1975 and then increased to 1.39
billion MT in 1978, and then declined back to 1.30
billion MT in 1986, the same level as 1973.

As summarized in Table III-1, the average annual
change in carbon emissions in the 1974-1986 period
was 0.0 percent. This period is a useful reference
point for evaluating the level of effort that would be
required to meet targets and timetables for emission
limits negotiated in the Kyoto Protocol.

Compared to the previous time period when carbon
emissions were increasing at an average rate of 4.0
percent per year, the 0.0 percent growth rate in car-
bon emissions over 1974-1986 was achieved with a
roughly 20 percent reduction in the rate of popula-
tion growth, a 50 percent reduction in the growth

rate of GDP per capita. no change in the rate of re-
duction in the carbon/energy ratio, and a. large
change from a 0.3 percent per year increase in the
energy intensity of GDP to an average annual 2.1
percent reduction in the energy intensity of GDP.

4. The 1987-1995 Period

This period was significantly less volatile than the
1974-1986 period, and carbon emissions increased at
an average rate of 1.4 percent per year. The popula-
tion growth rate was the same as in the preceding
period. There was one recession, from July 1990 to
March 1991, and the average annual change in per
capita GDP was 1.3 percent, matching the rate of
increase in the 1974-1986 period. Inflation adjusted
composite fossil fuel prices in 1987 were $2.05 per
million Btu, about double that in 1972 but half that
in 1981. With some volatility, prices trended down-
ward and by 1995 had fallen to $1.39 per million Btu,
about one-third greater than the 1972 level.

The energy/GDP rtinued to fall at an aver-
age annual decline gf 0.4 pgrcent. The rate of decline
was less than one-fifththat experienced during the
1974-1986 period (-2.1 percent). However, the car-
bon content of overall energy use declined at a faster
rate than in either of the preceding two time periods.
Several factors contributed to this trend. Again, nu-
clear power increased its share of total U.S. primary
energy, from a little over 6 percent in 1985 to about 9
percent in 1995. There were some increases in geo-
thermal and other non-carbon energy sources, but
there was a bigger decline in the share of crude oil
and petroleum products in total primary energy,
from about 39 percent in 1986 to a little over 35 per-
cent in 1995, reflecting the lagged impact of the ear-
lier high prices. Also, natural gas increased its share
of total primary energy by about two percentage
points over the period. This increase was due in
part to the deregulation of wellhead natural gas
markets and the resulting low prices for natural gas.

5. The 1996-2000 and the 2001-2010 Periods

While the data in Figure IlI-1 and Table III-1 reflect
the reference case projection in the Energy Informa-
tion Administration’s Annual Energy Outlook 1998
through 2010, the short 1996-2000 period is included
here for a pragmatic reason. The Kyoto Protocol
climate change negotiations on greenhouse gas
emission limitations came to a conclusion in Decem-
ber 1997. Even with this completed negotiation, it is
unknown when, or even if, the Kyoto Protocol will
be ratified by the required number of national gov-
ernments to enter into force as an international
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treaty with the force of law on those countries ratify-
ing it. Some have speculated that it might be three
to five years before enough countries ratified the
Protocol to bring entry into force.

With this outlook, it is unlikely that U.S. emission
trends would be significantly altered prior to 2000,
given the time requirements of treaty approval, de-
velopment of national implementing programs,
drafting of necessary laws and regulations, and the
process of obtaining necessary Congressional ap-
proval. Efforts to significantly alter the emissions
path from the assumed EIA baseline probably would
take effect only after that date. Therefore, it is useful
to use the year 2000 as a reference point to calculate
the level of effort required to achieve emission limi-
tation targets.

Additionally, looking at the EIA reference case pro-
jection in two time periods provides a useful per-
spective. For example, compared to a 1.4 percent
annual average increase in U.S. carbon emissions
over the 1987-1995 period, the average annual
change over 1996-2000 projection is 1.9 percent, but
this declines substantially to an annual average of
only 1.3 percent per year over the 2001-2010 period.

Most, but not all, of the trends in the Kaya compo-
nents contribute to this trend of slowing emissions
growth in the EIA reference case projection. First,
population growth slows from 1.0 percent per year
over the 1987-1995 to 0.9 percent per year for 1996-
2000 periods and to 0.8 percent per year over 2001-
2010.

Second, growth in per capita GDP initially increases
but then slows again in the EIA reference case. Over
the 1996-2000 period per capita GDP grows at 1.7
percent per year. However, over the 2001-2010 pe-
riod the growth rate returns to the 1.3 percent per
year rate of the 1987-1995 period. Put in perspec-
tive, however, this is only about half the growth rate
in GDP per capita experienced over the 1960-1973
period.

Third, the energy intensity of economic activity, the
energy/GDP ratio, decreases at a much faster rate
than in the 1987-1995 period. Over the latter period,
the energy/GDP ratio decreased by 0.4 percent per
year; over 1996-2000 it is projected by the EIA to de-
crease by 0.6 percent per year; and over 2001-2010 it
is projected to decrease at 0.9 percent per year. The
reduction in energy intensity of GDP is not caused
by assumed increases in real energy prices. While

very modest increases do occur in certain fuel cate-
gories, average end-user inflation adjusted energy
prices decline modestly over the 1995-2010 period.’?
Rather, the reductions in energy intensity appear to
be caused primarily by increases in efficiency in the
electricity generation sector, implementation of
mandated energy efficiency standards_in buildings
and motors, plus other energy efficiency improve-
ments in the transportation sector and elsewhere.

However, it is worth noting that the assumed annual
decline in the energy/GDP ratio over the 2001-2010
period of 0.9 percent is more than twice the 0.4 per-
cent per year decline over the 1987-1995 period. Un-
less these rapid reductions in the energy/GDP ratio
occur between now and 2010, future emissions will
be greater than projected.

One Kaya Identity component that works to increase
carbon emissions over the 1996-2010 periods in the
EIA reference case relative to the 1987-1995 period is
the carbon/energy ratio. The ratio moves from an
annual average reduction of 0.4 percent over 1987-
1995 to an annual average increase of 0.1 percent
over the 2001-2010 period. A major factor contribut-
ing to this trend is the anticipated retirement of nu-
clear power plants at or before they reach the end of
their 40-year operating licenses. In EIA’s projec-
tions, about 52 gigawatts of capacity will be retired
by 2020 out of about 101 gigawatts of capacity avail-
able in 1996.#® Twenty-four of these shut-downs are
as early as 10 years before licenses expire. This fact
is consistent with the view of some industry ana-
lysts. For example, a Wall Street Journal article cited
concerns that perhaps two dozen nuclear power
plants, out of 109 plants in the country, could shut
down before their licenses expire due to rising costs
associated with more strict enforcement of U.S. Nu-
clear Regulatory Commission regulations.!4

C. What-If Assessment of Emission
Reduction Targets for the U.S.

A significant debate over the ease or difficulty of
reducing greenhouse gas emissions in general, and
carbon emissions in particular has continued for
over a decade. This debate encompasses not only

12 See Energy Information Administration, Annual Energy
Outlook 1998, Table A3, page 104.

13 See Energy Information Administration, Annual Energy
Outlook 1998, page 5. '

4 Ross Kerber, “Nuclear Plants Face Huge Costs to Fix
Problems™, Wall Street Journal, June 18, 1997, page B1.
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the United States but other developed as well as de-
veloping countries throughout the world. One of the
more recent efforts at addressing the many relevant
issues is contained in two of the three volumes of the
Second Assessment Report by the Intergovernmental
Panel on Climate Change. Despite significant effort
at resolving the issue, there is still a wide variety of
claims regarding the economic impacts of signifi-
cantly reducing carbon emissions in the U.S. econ-
omy, as well as emissions in other countries.

One way the Kaya Identity can be used is for com-
paring the effort required to meet carbon emission
targets and timetables with historical experience,
especially the effort required to hold US. carbon
emissions in 1986 to 1973 levels. This is clearly not a
modeling effort in the traditional sense. Rather, the
Kaya Identity can be used to answer a more narrow
question: given government agency assumptions
about population and per capita GDP growth and
the carbon/energy ratio, how much would the U.S.
energy/GDP ratio have to change over the 2001-
2010 period to achieve emission targets in 2010, and
how does this compare to the changes that occurred
over the 1974-1986 period?

For illustration, two alternative targets are evalu-
ated. The first is to limit emissions in 2010 to 1990
levels, and the second is 7 percent below 1990 levels.

The following set of assumptions define these two
different cases:

Starting from levels for all Kaya Identity compo-
nents in 2000;

e Population increases at the annual average
rate over the 2001-2010 period in EIA’s 1998
reference case;

« GDP/ population increases at the annual av-
erage rate over the 2001-2010 period in

EIA’s 1998 reference case;

e Carbon/energy increases at 0.1 percent per

year, the average increase over 2001-2010 in
EIA's 1998 reference case;

¢ Carbon emissions in 2010 equal:

o Case l: 1990 levels

e Case 2: Kyoto Target, 7 percent below

1990 levels .

These assumptions determine the average annual
rate of change required in the energy/GDP ratio
over the 2001-2010 period to achieve the assumed
carbon emissions target for 2010. This is clearly a
ceteris paribus approach, for it implicitly assumes that
significant alterations in the energy/GDP ratio could
be accomplished without imposing costs on the
economy and altering GDP from the assumed levels.

At the same time, however, the what-if assessment
raises a critical question — namely, if the proposed
target requires changes in the energy/GDP ratio
equal to or greater than that which occurred during
the energy crisis years of 1974-1986, a period in
which the per capita GDP growth rate fell by 50 per-
cent and U.S. inflation-adjusted composite fossil fuel
prices quadrupled, how could emission targets be
met without similar consequences to economic activ-
ity? '

The results of the what-if assessment are summa-
rized in Table III-2. The energy/GDP ratio would
have to decline an average of 3.8 per year over 2001-
2010 to reach a target of 1990 level emissions. This is
roughly four times the rate of decline in the EIA ref-
erence case for 2001-2010. More importantly, the
rate of decline is roughly 80 percent greater than that
achieved during the energy crisis years of 1974-1986.

More relevant to assessment of the Kyoto Protocol
targets, Case 2 addresses the target of limiting U.S.
carbon emissions to 7 percent below 1990 levels by
2010. To reach this target under the what-if assess-
ment assumptions, the energy/GDP ratio would
have to decline by 4.5 percent per year. This decline
rate is roughly 110 percent greater than that
achieved during the 1974-1986 period. Additionally,

Table ii1-2
What-If Assessment of U.S. Emission Reduction Targets for 2010
(average annual percentage changes for 2001-2010)

Carbon/ Energy/ GDP/
Case Carbon Energy GDP Population Population
BAU Projection 1.3 0.1 -0.9 1.3 0.8
Case 1: 1990 Target in 2010 -1.7 0.1 -3.8 1.3 0.8

Case 2: 7% Below 1990 in 2010 -2.3 0.1 -4.5 1.3 0.8




this rate of recluction in the energy/GDP ratio is 5
times that in EIA's reference case projection.

D. Conclusions

These examples illustrate how the Kaya ldentity can
be used for comparing past changes in key compo-
nents affecting carbon emissions with changes that
would be required to achieve carbon emission tar-
gets. The most dramatic alteration of U.S. carbon
emissions trends in the past 35 years occurred dur-
ing the 1974-1986 period, sometimes referred to as
the energy crisis years. Although U.S. carbon emis-
sions in 1985 and 1986 almost exactly matched
emissions in 1973, the 1974-1986 period included a
quadrupling of real fossil fuel prices, growing use of
nuclear power, numerous government programs to
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promote energy efficiency, and a 50 percent
reduction in the rate of growth of per capita GDP.
Over this period, the energy/GDP ratio declined at
2.1 percent per year.

The Kaya Identity approach, using the Energy In-
formation Administration’s Annua] Energy Outlook
1998 reference case as a baseline, makes it clear that
the changes required to reach carbon emission limi-
tation goals in the Kyoto Protocol would signifi-
cantly exceed that of the 1974-1986 period in the U.S.

The following chapters extend the analysis. First,
more detail is provided on historic trends in OECD
countries and the implications of the Kyoto emission
targets. Then Chapters V and VI characterize the
effort or changes from business-as-usual projections
required to reach the Kyoto targets.
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IV. OECD Carbon Emissions

A. Historical Trends

Between 1960 and 1973 carbon emissions in the U.S.
increased from nearly 800 million metric tons to
1,300 million metric tons. This. represents an average
annual increase of about 4 percent. In comparison,
growth in the carbon emissions from the 15-member
countries of the European Union was even faster,

averaging 5 percent annually during this period, and-

rising from 500 million metric tons to over 900 mil-
lion metric tons. In Asia, Japan's carbon emissions
increased at an average annual rate of more than 10
percent, tripling the amount of carbon emissions
from 75 million metric tons in 1960 to 265 million
metric tons by 1973.

During the energy price shock years of 1974 through
1986, the rate of growth of carbon emissions fell to
zero in the U.S. and turned negative in Europe and
Japan, declining slightly by an average of 0.4 percent
per year and 0.1 percent per year, respectively.
These historical trends are plotted in Figure IV-1

along with “business-as-usual” (BAU) government
forecasts of future growth and the targets the EU,
the U.S. and Japan committed to in Kyoto.'s

B. Business-as-Usual Forecasts to 2010

EIA reference case or business-as-usual (BAU) fore-
casts call for pronounced increases in U.S. carbon
emissions in the future compared to the relatively
flat EU forecasts for Europe and IEA forecast for Ja-
pan. This is due in part to the more rapid growth
expected in the U.S. population compared to
Europe’s and Japan's. (See Chapter V below.) Un-
der a BAU scenario U.S. emissions are expected to
increase from nearly 1,400 million metric tons in
1990 to nearly 1,850 million metric {ons in 2010.'6 In
comparison, the European Union forecasts its carbon
emissions to increase from about 900 million metric
tons in 1990 to 1,000 million metric tons in 2010.
This is about the same level reached in 1979 when
the EU’s carbon emissions peaked at around 990 mil-
lion metric tons. Japan’s carbon emissions are fore-

2,000 +

1,800 +

1,600

1,400 +

1,200 +

1,000 +

Millicns of Metric Tons

800
]
600 T

400 |

Figure V-1
Carbon Emissions: The Kyoto Target Versus Projected Levels

US Kyoto Target ==

L]
European Union *

EU Kyoto Target mm

Y

Japan

/E'_——,'

200

o-/

Japan Kyoto Target "

1960 1965 1970 1975 1980

1985 1990 1995 2000 2005 2010

Basellne

15 See Table B-1 for a complete list of sources.
16 Carbon emissions from fossil fuels are projected to reach
1,803 million metric tons. The estimates in this paper
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cast to increase by just 30 million metric tons from cific targets associated with this reduction range
the year 1990 to 2010. from a 30 percent reduction for Luxembourg on up
to & 40 percent increase for Portugal. These targets
C. Promises Made in Kyoto are shown in the second column of Table IV-1.
The U.S. agreed to a 7 percent reduction in green- It is assumed that country specific commitments un-
house gas emissions from 1990 levels by 2008 to der the Kyoto Protocol will closgly follow those
2012. Figure IV-1 reveals the distance from the tar- agreed to earlier in the year in Brussels. Therefore,
get point in the year 2010 to the forecast trend is in order to match the slightly smaller 8 percent re-
substantial, representing a 31 percent decline in duction the EU agreed to in Kyoto, the country spe-
emissions compared to the BAU forecast. In com- cific commitments under the Brussels agreement are
parison, the EU agreed to an 8 percent reduction in proportionately scaled back as shown in the third
carbon emissions, with country specific reductions column of Table IV-1. For example, under the
within the EU “bubble” determined by negotiated March 1997 Brussels commitments, Sweden is al-
EU burden sharing allocation. This results in a 16 lowed to increase its emissions by 5 percent between
percent decline compared to the “business-as-usual” 1990 and 2010. Under the Kyoto commitments for
forecast for 2010, or about half the difference re- the EU, Sweden’s allowance is assumed to increase
quired of the U.S. Japan's agreement calls for a 6 slightly to 6.7 percent. Similarly, Austria's early
percent reduction in carbon emissions. This repre- commitment was to a 25 percent reduction in carbon
sents an emissions level which would be 14 percent emissions by the year 2010 compared to 1990 levels.
below Japan’s BAU forecast for the year 2010. The Kyoto Protocol would allow a smaller reduction
of 23.8 percent. These and other country estimates
D. The EU Bubble are shown in Table IV-1. |
Estimates of country specific reductions within the E. Kyoto Targets v. Forecasted Growth
European Union are based on agreements reached and Historical Experience
by the EU Council of Ministers in Brussels in March
1997. The commitments of European member states Measurements of the difference between European
at that time added up to a 10 percent reduction from government forecasts of carbon emissions in the year
the 1990 base year level by 2010. The country spe- 2010 and the changes required to meet the commit-
Table IV-1
Calculation of EU Country Changes Required to Reach 8% Reduction Target
Required % Change from % Reduction from 2010
1990 Baseline by 2010 BAU Baseline
Country 10% Bubble 8% Bubble - with 8% Bubble
Austria -25% -23.8% -33.3%
Belgium -10% ' -8.6% -8.6%
Denmark -25% -23.8% -31.9%
Finland 0% 1.6% -28.9%
France 0% 1.6% -4.9%
Germany -25% -23.8% -23.4%
Greece 30% 32.1% 6.8%
Ireland 15% 16.8% -1.7%
Italy -1% -5.5% -17.6%
Luxembourg -30% -28.9% -13.4%
Netherlands -10% - -8.6% -14.9%
Portugal 40% 42.2% -10.7%
Spain 17% 18.8% -1.5%
Sweden 5% 6.7% -44.3%
United Kingdom -10% -8.6% - -13.4% ‘
‘European Union™" % =0, %7 o109+ . D - S 0% (16:3%. - o
Source: Calculated from EU Council of Mmlsters Envnronment "'EU Conclusxons on Cllmate Change Brussels, 3 March
1997.

include 44 million metric tons of emissions from half of a small miscellaneous combustibles category.
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ments macle in Kyoto are shown in the last column Figure IV-2;

of Table 1V-1 and are plotted in Figure 1V-2 along Change from Projected Levels of Carbon

with the changes required of other OECD countries. Emissions Required to Meet Kyoto Targets
The U.S. is shown to require one of the most pro- in 2010

nounced reductions in emissions—31 percent.
However, Sweden, Austria, and Denmark, are esti- Sweden
mated to require even greater efforts. The large
change required of Sweden is somewhat surprising ]
given the fact that it is among only a few European Denmark| =~ -
Union countries allowed to increase their emissions.
But projections for Sweden are highly dependent on us.
decisions regarding the decommissioning of nuclear .
. Finlang :
power plants. Nonetheless, the difference between
the targeted increase and the IEA’s projected emis-
sions growth for Sweden is great—more than 44
percent. In the case of Austria and Denmark, the New Zegland
large change required reflects especially ambitious
emission reduction targets.
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Other measures of the relative change in carbon
emissions required of OECD countries are illustrated Adstralia |.
in Figure IV-3. This figure compares carbon emis-
sion levels among major OECD countries in the base
year 1990 with forecasted levels for the year 2010
and the Kyoto targets for the same year. The U.S. is —
shown to account for 1,377 million metric tons of Netherlands |-

carbon emissions in the year 1990, or nearly half of '
the OECD’s total of 2,815 million metric tons. Much Jgpan
of the forecasted growth to the year 2010 is expected
to occur in the U.S. Between 1990 and 2010 govern-
ment forecasts call for OECD carbon emissions to
increase by 656 million metric tons to 3,471 million
metric tons in 2010 with the U.S. share reaching 53 Luxembourg,
percent. The promises made in Kyoto would bring

Eurppean Unlon

Great Britain |~ " 7

s . Switzerland
this total down by 847 million metric tons or 24 per- ‘
cent to 2,624 million metric tons, with most of the Belgium | = - ;
reduction (67% or 566 million metric tons) required : : :
of the U.S. France %
Irelan:
Spain
s Greece
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OECD Carbon Emissions
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U.S. carbon emissions are projected to grow at a
faster rate than most of Europe, especially major
OECD partners, hence the U.S. carbon emission re-
duction target is larger and more difficult to meet.
This is illustrated in Table IV-2. This table compares
the average annual percentage change in carbon
emissions required by the Kyoto Protocol during the
ten-year period 2001-2010 with changes in carbon
emissions over three historical periods (1961-1973,
1974-1986, and 1987-1995) and two forecasted

periods (1996-2000 and 2001-2010). For all but a few
countries, the reductions required by the Kyoto
Protocol, shown in the last column of the table, are
not only significantly greater than those for the same
“business-as-usual” forecasted period, but are also
notably larger than the declines which occurred
during the energy crisis years of 1974-1986.

The underlying factors affecting these historical and
projected differences in carbon emissions are ex-
plored in Chapter V below.
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Table IV-2
Average Annual Percent Change in Carbon Emissions

Historical Forecasts Kyoto
Country 1961-1973 1974-1986  -1987-1995 1996-2000 2001-2010 2001-2010
United States L 4.0% 0.0% 1.4% 1.9% 1.3% -2.3%
Austria 4.7% 0.3% 0.8% 2.1% 0.3% -3.7%
Belgium 4.3% -1.9% 1.2% -1.0% -03% -1.2%
Denmark 3.5% 0.7% 0.4% 1.2% -0.8% - -4.5%
Finland 6.5% 0.6% 0.9% 5.0% 1.0% -2.3%
France 5.2% -1.7% 0.3% 1.2% 0.1% -0.4%
Germany 6.4% -0.2% -1.6% 1.5% 0.2% -2.4%
Greece 13.0% 3.3% 3.5% 1.2% 0.9% 1.6%
Ireland 4.3% 2.3% 1.9% 1.3% 0.6% 0.3%
Italy 9.5% 0.3% 1.7% 1.1% 0.5% -1.5%
Luxembourg 1.4% -3.2% -0.3% -1.4% 0.0% -1.2%
Netherlands 6.8% 0.3% 1.5% -1.1% 0.5% -1.1%
Portugal 1.1% 4.8% 5.6% 0.7% 2.7% 1.5%
Spain 8.4% 2.3% 3.3% -2.2% 1.4% 1.3%
Sweden 5.0% -1.6% -0.1% 1.3% 50% . . -1.0%
United Kingdom 1.3% -1.0% -0.2% _ 1.3% 0.2% -1.2%
7Eiiropean:Union A I0h e QM TR A0, 2% L 0:9¢ v 205% o) =1.3%
Australia 4.4% 2.0% 2.6% 1.3% -1.3%
Canada 5.3% 0.7% 1.8% 1.2% -1.9%
Japan 10.4% -0.1% 3.0% 0.2% -1.4%
Switzerland 7.3% 0.0% 0.5% -0.5%
New Zealand NA NA L7% - -L1%
OECDY . T A Rop o ' C10% |- 21.8%

* Excludes Iceland and Norway because comparable govemmental energy and emissions projections were not avallable
Also excludes Turkey because it has no emission limitation specified in the Kyoto Protocol.

NA = not available

Sources: Historical data calculated from IEA/OECD Energy Balances of OECD Countries using IPCC suggested methodol-
ogy. U.S. projections derived from the U.S. Energy Information Administration Annual Energy Outlook 1998, EU coun-
try projections from the EU Directorate General for Energy (DG XVII) Energy in Europe—European Energy to 2020: Sce-
nario Approach, and the projections for other OECD countries from Energy Policies of IEA Countries-1997 Review, pub-

lished by the International Energy Agency/OECD.
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V. Measures of the OECD Level of Effort Required

to Meet Kyoto’s Targets

A. Kaya ldentity Factors Affecting
Carbon Emissions

The commitments made by the U.S. and other na-
tions to meet the carbon emission reduction targets
set in Kyoto is unprecedented. The Kaya Identity
discussed in Chapter III provides a useful tool for
measuring the effort required to meet these targets
by demonstrating the implicit tradeoffs between the
key factors affecting carbon emissions. These factors
include the carbon content of energy (C/E), the en-
ergy intensity of economic activity (E/GDP), the per
capita gross domestic product (GDP/Population),
and the population. Comparing past and forecasted
changes in these key factors provides a framework
for measuring the level of effort that would be re-
quired to achieve the carbon emission reduction tar-
gets set in Kyoto.

Table V-1 shows the average annual percentage
changes in carbon emissions and the key factors af-
fecting these emissions in the U.S., Japan, and the
European Union over different periods of time. The
table follows the Kaya Identity formulation. Read-
ing from left to right, the percentage changes in car-
bon emissions shown in the second column are equal
to the sum of the percentage changes in each of the
key factors shown in the remaining columns.!?

1. The Early Years, 1960-1973

The top part of Table V-1 provides data on the early
years, 1960-1973. During this time, U.S. carbon
emissions increased at an average annual rate of 4
percent, Europe’s grew by 5 percent, and Japan's
averaged 10 percent. These increases were fueled
largely by growth in per capita gross domestic
product, and to a lesser extent by population growth

Table V-1
Kaya Identity Factors Affecting Carbon Emissions
(average annual percentage changes)
Period of Years for Carbon/
Country/ Region Carbon = Energy + Energy/ GDP+ GDP/Capita + Population
The Early Years: 1960-1973
United States 4.0 -0.2 0.3 2.7 1.2
European Union 5.0 -0.9 1.1 4.0 0.7
Japan 104 -0.6 1.3 8.4 1.2
The Oil Crisis Years: 1974-1986
United States 0.0 -0.2 -2.1 1.3 1.0
European Union -0.4 -1.1 -1.4 1.8 0.3
Japan -0.1 -1.1 -2.3 2.5 0.9
Recent History: 1987-1995
United States 14 0.4 0.4 1.3 1.0
European Union 0.2 -0.8 -1.1 1.8 0.4
Japan 3.0 -0.6 0.6 2.6 0.4
Business-as-Usual Forecasts: 2001-2010
United States 1.3 0.1 -0.9 1.3 0.8
European Union 0.5 -0.2 -1.5 2.1 0.1
Japan 0.2 -1.1 -1.3 2.4 0.2
Sources: See Appendix B, Table B-1 for a complete list of sources and for other OECD country resulis.

17 As discussed in Chapter III, the Kaya Identity expresses a
multiplicative relationship among the Kaya Identity components.
However, unless the change in individual components is large,
the average annual change in carbon emissions will be very
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and growth in the amount of energy used per dollar
of gross domestic product. The modest declines in
the carbon content of energy during this time were
swamped by the growth in these other factors.

2. The Oil Crisis Years, 1974-1986

The reductions in carbon emissions during the oil
crisis years of 1974-1986 are shown in the second
section of Table V-1. Europe’s emissions declined at
an average annual rate of 0.4 percent. Japan's fell by
0.1 percent annually and in the U.S. carbon emis-
sions remained flat over the period.

Comparing the oil crisis years with the earlier years
shows reductions in the rate of growth of per capita
gross domestic product to be the single most impor-
tant factor affecting the decline in carbon emissions
between the two periods. In the U.S. and Europe,
growth in the GDP per capita was cut in half. In Ja-
pan it was two-thirds less than it had been. Since
population growth declined slightly between these
two periods, the sharp decline in the GDP/capita
was due to declining growth in gross domestic
product.

The second most important contributing factor to the
declines in carbon emissions during the oil crisis
years was the changes in the amount of energy used
per dollar of GDP. In Japan, the E/GDP ratio
changed from an average annual growth rate of 1.3
percent during the early years of 1960-1973 to a 2.3
percent annual decline during 1974-1986. Similarly,
in Europe the E/GDP ratio changed from +1.1 per-
cent per year to -1.4 percent. For the U.S., the ratio
fell from +0.3 percent to -2.1 percent.

3. Recent History, 1987-1995

In recent years, 1987-1995, growth in carbon emis-
sions has averaged 1.4 percent per year in the U.S,,
0.2 percent in Europe, and 3.0 percent in Japan.
These rates are significantly higher than those expe-
rienced during the oil crisis years, but far below
those recorded during the early years before the cri-
sis. The recent growth in carbon emissions has been
partly a function of the growth in gross domestic
product. For the U.S., the growth in population also
has made a significant difference, with the U.S.
population growth rate two and a half times that of
the EU and Japan. For Japan, growth in the amount
of energy used per dollar of GDP is a major contrib-
uting factor. Growth in per capita GDP has been the

closely approximated by the sum of the average annual change of
the Kaya Identity components.

same in recent years for the U.S. and Europe as it
was during the oil crisis years, and has been nearly
the same for Japan, but substantially below the early
years for all three. While the amount of energy used
per dollar of GDP continues to decline in the U.S.
and Europe, it is declining at a slower pace than dur-

ing the oil crisis years. ..

4, Business-as-Usual Forecasts, 2001-2010

As noted above, the EIA forecasts carbon emissions
in the U.S. will increase at an average annual rate of
1.3 percent during the years 2001-2010. This in-
crease is fueled by forecasts of population growth of
0.8 percent annually and GDP growth of 1.3 percent
annually. The carbon to energy ratio also increases,
but by just 0.1 percent annually. This is due primar-
ily to the retirement of nuclear plants. The amount
of energy used per dollar of GDP is forecast to fall at
the rate of 0.9 percent yearly. In some respects, this
appears optimistic because the reduction is twice
that which occurred over 1987-1995.

The European Union forecasts!® its emissions will
increase by 0.5 percent émnually with GDP/capita
growing at the rate of 2.1 percent annually and
population increasing by just 0.1 percent yearly.
Interestingly, the EU forecasts declines in its E/GDP
ratio of 1.5 percent. This is slightly greater than the
1.4 percent average annual decline experienced dur-
ing the oil crisis years when energy prices skyrock-
eted. In contrast, forecasts for the U.S. and Japan
show their E/GDP ratios declining about half as rap-
idly as during the oil crisis years.

In the IEA BAU forecast, Japan's carbon emissions
will increase by just 0.2 percent annually. Unlike
Europe and the U.S., Japan's carbon to energy ratio
is expected to decline at the comparatively rapid
pace of 1.1 percent annually. This is due to Japan’'s
expectation of rapid expansion of nuclear power.
This forecasted rapid decline in its C/E ratio, com-
bined with expected declines in its energy to GDP
ratio, offset increases in Japan's per capita gross do-
mestic product which is expected to grow at an av-
erage annual rate of 2.4 percent, or nearly twice as
fast as the U.S.

18 See Appendix A for a discussion of alternative forecasts.
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B. Changing the Kaya ldentity Factors
Affecting Carbon Emissions

Given that negotiations on the Kyoto Protocol were
completed in December 1997, that it may be several
years or more before the protocol becomes legally
binding, if ever ratified, and that new policies would
require actions by national legislatures, this analysis
assumes that carbon emissions will essentially fol-
low projections until the year 2000. Hence, the
Kyoto Protocol would require significant reductions
in carbon emissions over the period from 2001-2010.

The U.S. would be required to reduce emissions at
the rate of 2.3 percent annually, compared to the
“business-as-usual” forecasted growth of 1.3 per-
cent. Europe would need to reduce its emissions 1.3
percent yearly, instead of growing at the forecasted
rate of 0.5 percent. Japan would be required to
lower its emissions by 1.4 percent annually, in con-
trast to the 0.2 percent annual rate forecasted. The
only way to reach these targeted levels is for one or
more of the key factors affecting carbon emissions,
identified by the Kaya Identity, to be changed so
that significant reductions can occur. Numerous
combinations are possible, but by holding all of the
factors constant, except one, the magnitude of the
effort required is put into perspective.

The changes from projected levels in each of the key

factors affecting future carbon emissions are shown
in Table V-2. The second column in each of the four
sections of this table shows the carbon emission re-
duction growth rates required of the U.S., Europe,
and Japan in order to meet the Kyoto emission re-
duction targets over the period 2001-2010.

1. Changes in the Carbon Content of
Energy Only '

In the first section of Table V-2, the average annual
change in energy used per dollar of GDP, per capita
GDP and population growth rates are held constant
at their business-as-usual-forecasted rates. Under
this first scenario, the only way to meet the emis-
sions reduction targets is for the carbon content of
energy to decline at dramatic and unprecedented
rates. The U.S. would be required to reduce its C/E
ratio at an average annual rate of 3.5 percent.
Europe would need to reduce its by 2.0 annually,
and Japan's annual rate of decline would need to be
2.6 percent. (A glance back at the carbon/energy
ratios recorded in Table V-1 shows the rates of de-
cline needed to meet Kyoto's targets are far beyond
historical experience or forecasted expectations.)

It is difficult to fully appreciate the degree of change
in the fuel mix which would be required to bring
about such declines in the C/E ratios. Figure V-1
gives some idea of the magnitude of the effort for
the U.S. The left bar shows the source of carbon

Table V-2
Changes in Kaya Identity Factors Affecting Carbon Emissions Over the Period 2001-2010
(average annual percentage changes)
Changes in One Factor Carbon/
Only by Country/ Region Carbon = Energy + Energy/ GDP + GDP/ Capita Population
Changes in Carbon/Energy Only
United States -2.3 0.9 1.3 0.8
European Union -1.3 -1.5 2.1 0.1
Japan -1.4 -1.3 2.4 0.2
Changes in Energy/GDP Only
United States -2.3 0.1 13 0.8
European Union -1.3 -0.2 2.1 0.1
Japan -14 -1.1 2.4 0.2
Changes in GDP/Capita Only
United States -2.3 0.1 -0.9 0.8
European Union -1.3 -0.2 -1.5 0.1
Japan -1.4 -1.1 -13 0.2
Changes in the Population Only
United States 2.3 0.1 0.9 1.3 e 28
European Union -1.3 0.2 -15 2.1 AT
Japan -1.4 -1.1 -1.3 2.4 Co-14
Sources: See Appendix B, Table B-1 for a complete list of sources and for other OECD country results.
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Figure V-1

Meeting the U.S. Carbon Emissions Kyoto Target:

Theoretical Impact of Substituting Natural Gas for All
Forecasted Coal, Oil, and Combustible Energy Use by 2010
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tions falls short of the Kyoto emissions target
of 1,281 million metric tons. More specifically,
the middle bar shows that if we could
theoretically switch away from all of the
forecasted use of higher carbon content coal,
oil and other combustibles and substitute these
fuels with the lower carbon cqntent natural gas
by the year 2010, emissions would reach 1,378
million metric tons by the year 2010, or 96
million metric tons more than the Kyoto target
shown in the right bar.

Moreover, this comparison does not address
the practical question, where would all the
natural gas come from? In reality and in all
probability, the carbon to energy ratio for a
nation can be changed only slowly and at sub-
stantial expense.

2.

Changes in the Amount of Energy
Used Per Dollar of Gross Domestic
Product Only

Technological breakthroughs and efficiency
improvements can'help reduce the amount of
energy used per dollar of gross domestic
product in the future. This analysis uses the
Kaya Identity to measure just how much the
E/GDP ratio would have to change to meet the
Kyoto targets, without sacrificing economic or
population growth and assuming changes in
the C/E ratio would not deviate from gov-
ernment forecasts.

The results are highlighted in the second sec-

emissions by fuel type under the Energy Information
Administration’'s  “business-as-usual”  (reference
case) forecast. Carbon emissions from coal, for ex-
ample, are projected to amount to 615.9 million met-
ric tons in the year 2010. Coal contains approxi-
mately 70 percent more carbon per unit of energy
than natural gas. If the U.S. substituted natural gas
for all forecasted coal use then the amount of carbon
emitted would be reduced to 362.3 million metric
tons. (This is shown in the middle bar of Figure V-
1.) Similarly, oil contains approximately 31 percent
more carbon per unit of energy than natural gas. If
natural gas replaced all projected oil use shown in
the first bar of Figure V-1 (761.5 million metric tons),
then emissions would fall to 579.8 million metric
tons.

These are unrealistic assumptions to say the least.
Even so, the cumulative impact of these substitu-

tion of Table V-2. The rate of decline in the
U.S. necessary to achieve the Kyoto emission
reduction target is 4.5 percent annually. This is five
times greater than the rate of decline forecast by
EIA, and more than twice as great as the decline
which occurred during the oil crisis years. Europe’s
E/GDP ratio would need to decline at an average
annual rate of 3.3 percent. This represents a rate
twice as great as forecasted or experienced during
the oil crisis years. For Japan, the effort is similar to
Europe’s. Japan would need to reduce its E/GDP
ratio by 2.8 percent annually to meet its target.

The reductions in energy per dollar of GDP required

of the U.S., Japan, Europe and other OECD countries
to meet their Kyoto targets are illustrated in Figure
V-2. The changes required of each country are in-
dexed to their “business-as-usual” forecasts. So, for
example, the U.S., with a rate of decline in its
E/GDP ratio five times greater than the EIA's fore-
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Figure V-2
Relative Change in E/GDP Required to Meet Kyoto
Targets*
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* This index is calculated by dividing the average annual percent
growth in the energy to gross domestic product ratio that would be
required of each country or region in order for them to meet their

tion in its E/GDP ratio. Throughout this
century, the closest America came to such
declines was during the Great Depression.
This is illustrated in Figure V-3. This chart
plots the average annual percentage change in
the U.S. E/GDP ratio over ten-year periods
from 1920 through 2010. It shows that over
the ten-year period ending in"1943, the E/GDP-
ratio declined at a rate of 3.5 percent annually.
The next really sharp decline did not occur
again until the energy crisis years. Over the
ten-year period ending in 1986, the E/GDP
ratio fell 2.7 percent annually. The EIA fore-
casts a decline in the E/GDP ratio of 0.9
percent annually over the period from 2001-
2010, a rate of reduction that already is more
than twice as fast as actually occurred over
1987-1995. The distance from this forecast to
the annual 4.5 percent decline srequired to
reach the targeted emission reduction by 2010
is much greater than anything previously
experienced.

3. Changes in the Per Capita Gross
Domestic Product Only

If reductions in energy intensity are no greater
than governments forecast, and the mix of
fuels and population growth does not differ
from expectations, then the economy must pay
the full costs of emission reductions in order
to achieve the Kyoto targets. The third section
of Table V-2 shows the consequences on the
economy of holding the other Kaya Identity
variables constant. The largest change is for
the US. Per capita GDP would need to
decline at an average annual rate of 2.4
percent over the period 2001-2010 in order for
the U.S. to meet the emission reduction target
set in Kyoto. This is in sharp contrast to the

Kyoto targets by the average annual percent business-as-usual fore.cast BAU g_r'owth of 1.3 percent annual}_y
growth forecasted by governments. See Appendix B for individual| during this period. The results for Europe

country growth rates.

show its growth in GDP per capita would be

cast, leads the group of countries illustrated in terms
of the level of effort required. Greece is at the oppo-
site end, requiring half as much more effort as in its
BAU forecast. Under the EU bubble arrangement,
Greece's carbon emission are allowed to grow in the
future, and at a comparatively rapid pace. See Table
V-1 above.

Another way to put these changes into perspective is
to view them over the long term. For example, its
useful to ask if the U.S. ever achieved such a reduc-

required to slow to 0.4 percent annually from

a forecast growth rate of 2.1 percent. In Japan
the per capita GDP growth rate would fall from 2.4
percent to 0.8 percent annually.

Such changes in growth rates would result in pro-
found reductions in gross domestic product com-
pared to “business-as-usual” forecasts. The forecast
$8.4 trillion (1990 $) U.S. economy in 2010 would be
reduced by 31 percent to $5.8 trillion. Europe’s GDP
would fall from $10.4 trillion to $8.7 trillion, or by
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Average Annual Percentage Change

Figure V-3
U.S. Energy Use per Dollar of Gross Domestic Product
(measured in 10-year average annual percentage changes)
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about 16 percent, and Japan's would fall by 14 per-
cent to $4.1 trillion.

These stunning reductions are difficult to compre-
hend. What would a 31 percent loss of GDP repre-
sent? One way to illustrate the loss for the U.S., for
example, is in terms of consumer expenditures.
Americans spend about 31 percent of their income
on housing, another 14 percent goes to food and 17
percent is spent on transportation. Having 31 per-
cent less GDP is like eliminating all housing, or all
food and transportation. While this example is
clearly hypothetical, it does serve to underscore the
fact that clearly if economic activity was reduced the
full amount necessary to reach the Kyoto targets,
with all other Kaya variables fixed at their forecasted
levels, then the consequences for consumers would
be profoundly adverse.

4, Changing the Population Only

Barring an enormous catastrophe, it is unrealistic to
assume the burden of meeting carbon emission re-
duction targets could be borne entirely by reducing
the population. In reality, short of draconian new
policies to limit immigration and lower birth rates, it
is unrealistic to assume any of the effort required to

reach the Kyoto target would come through reduced
population growth.

Nonetheless, its instructive to measure what would
be involved in meeting the Kyoto targets if govern-
ment forecasts of other Kaya Identity variables are
held constant. The reductions in population needed
are highlighted at the bottom of Table V-2. Instead
of growing at an average annual rate of 0.8 percent
during the period 2001-2010, the population of the
U.S. would be forced to decline by 2.8 percent a
year. Similarly, Europe’s population would be re-
quired to decline by 1.7 percent annually compared
to forecasted annual growth of 0.1 percent. Japan's
population would need to fall by 1.4 percent yearly
instead of the 0.2 percent growth forecasted. For the
U.S., these rates of decline would result in a popula-
tion 30 percent smaller than forecasted for the year
2010. Europe’s would be 15 percent less and Japan's
13 percent smaller.

These results are an extreme example. Under the
Kaya Identity formulation, the population variable is
the least likely to change from forecasted expecta-
tions. However, the results are useful only in as
much as they provide one more measure of the
enormous challenge presented by the Kyoto targets.
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Figure V-4

Projected Percentage Change in Populations Between

1990 and 2010
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These changes are important hecause they fuel
much of the forecasted growth in carbon
emissions. This can be readily demonstrated
with the Kaya Identity formulation. Table V-3
illustrates the impact of population growth
rates on forecasts of carbgn emissions by
showing what would happen to U.S. emis-
sions if our population growth rates were the
same as Europe’s. Instead of increasing at an
average annual rate of 1.3 percent as
forecasted for the period 2001-2010, U.S.
emissions would be expected to grow at the
same rate as Europe’s—0.5 percent annually.

Figure V-5 illustrates how this affects the
carbon emission reductions required of the
U.S. Under a business-as-usual forecast, U.S.
emissions are expected to reach 1,847 million
metric tons by 2010. Under this forecast,
emissions must fall 566 million metric tons in
order to meet the Kyoto target level of 1,281
million metric tons. If U.S. population were to
grow at the same pace as Europe's—0.1
percent annually, instead of at the business-as-
usual forecasted rate of 0.8 percent, then U.S.
emissions would reach 1,673 million metric
tons by the year 2010 and the reduction
required to meet the Kyoto target would fall
by nearly one-third to 392 million metric tons.

This is especially true for the U.S., whose population
is expected to grow at a rapid rate compared with
Europe and Japan and most of its other OECD part-
ners. Between 1990 and 2010, the U.S. population is
forecasted to increase by 20 percent from 250 million
to 299 million, or by about 49 million people. Ac-
cording to the U.S. Census Bureau, if children of
recent immigrants are included, then immigration
accounts for about half of the forecasted growth.:®
Over the same period, the population of Europe is
expected to grow from 365 million to 383 million, or
by nearly 5 percent. Figure V-4 provides a com-
parison of the percentage changes in population
forecasted for the U.S. and other OECD countries
gver the period from 1990 through 2010. Three
countries—Australia, Canada, and New Zealand—
forecast increases slightly above the US.’s. All the
others are notably smaller.

19 William Branigin, "Immigration Policy Dispute Rocks
Sierra Club, Washington Post, March 7, 1998.

Hence, if the US. had a slower pace of
population growth, its emissions targets would be
much easier to meet. However, with few exceptions,
U.S. rates of population growth are significantly
higher than other OECD countries. And this
population growth fuels much of the expected
carbon emissions growth in the future.
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Figure V-5
U.S. Carbon Emissions in 2010:
The Impact of Population Growth Rates
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In sum, numerous combinations of changes in the
Kaya Identity factors are possible and probable in
the future. The foregoing examined each factor in
turn, while the next chapter addresses simultaneous
changes in each Kaya Identity component.

Table V-3
The Impact of Population on the Growth of U.S. Carbon Emissions
(average annual percentage changes)

Carbon/ Energy/
Scenarios Carbon =  Energy + GDP + GDP/Capital + Population
Business-as-Usual 0.1 0.9 1.3 - 08
With EU’s Population Growth Rate 0.1 ' -0.9 1.3 )




VI. The Kyoto Target versus the Maximum Historic

Efforts

A. Overview

One of the difficulties in evaluating public policy is
reflected in the dictum: you never do only one thing.
With respect to the just completed Kaya Identity
analysis, one may ask, how realistic is it to address a
change in the energy/GDP ratio without a change in
the carbon/energy ratio and/or the
GDP/population ratio? And from a broader public
policy perspective, it is difficult to envision a policy
that reduces carbon emissions by causing the prema-
ture abandonment of existing capital equipment that
also does not slow future economic growth, since
such capital stock no longer generates a flow of in-
come for future capital investment.

A strength of the Kaya Identity approach, however,
is that it can be used to evaluate what emissions
would be under specific assumptions about the vari-
ous Kaya components. For example, the Kaya Iden-
tity can answer the question, what would emissions
be in 2010 if the maximum past changes in each
Kaya Identity component which resulted in limiting
carbon emissions were somehow to reoccur simulta-
neously for the next decade? This provides another
measure of the level of effort required if a country is
to reach its Kyoto target through domestic emissions
limitations.

It must be emphasized that the Kaya Identity does
not address what policies would be necessary to
force or induce the behavioral changes necessary to
repeat past maximum efforts during the 2001-2010
period. While these policy questions are not ad-
dressed, it remains true that unless the Kaya compo-
nents are altered as indicated below, or in an equiva-
lent fashion, the calculated reductions in carbon
emissions will not occur.

B. Assumptions

The following “maximum historic what-if assess-
ment” assumes that the annual average change in
each Kaya component over the 2001-2010 period,
except population, is equal to the maximum carbon
emission limiting change that occurred in any of the
time periods during the 1960-1995 period. More
specifically, the maximum historic case makes the

following assumptions which are summarized in
Table VI-1:

1. Carbon/Energy Ratio

Reductions in this ratio lead to lower carbon emis-
sions. The greatest reduction in this ratio for the
U.S. occurred during the 1987-1995 period while the
greatest annual reduction for the EU and Japan oc-
curred in the energy crisis years of 1974-1986. The
primary contributors to these reductions were
growth in nuclear power generation, reduction in
petroleum’s share of total energy due to then current
or past high prices, and increased use of natural gas
(especially in the US.). Except for planned large
scale expansion of nuclear power in Japan, none of
these events appear repeatable without major in-
creases in energy prices. Nevertheless, this case as-
sumes that the carbon energy ratio is reduced at its
maximum historic annual rates.

2. Energy/GDP Ratio

As with the carbon/energy ratio, reductions in the
energy/GDP ratio lead to reductions in carbon emis-
sions. For the U.S., Japan and the EU, the maximum
historic reductions in energy/GDP ratios occurred in
the energy crisis years. It was during this period
that U.S. composite, inflation adjusted, fossil fuel
prices quadrupled before declining somewhat to-
ward the end of the period. This quadrupling, plus
a host of government programs aimed at improving
energy efficiency, provided substantial pressure for
reductions in the energy intensity of economic activ-

- ity. For the U.S. and Japan, these maximum historic

rates are far different than what occurred over the
1987-1995 period. Interestingly, the projected de-
cline in EU’s energy/GDP ratio is slightly greater
than the maximum historic reduction. Historically,
however, rapid reductions in this ratio have only
occurred with sharply higher energy prices.

3. GDP/Population Ratio

Increases in this ratio increase carbon emissions, but
also reflect improvements in the economic standard
of living. Compared to levels over the 1960-1973
period, the projected rates of increase in per capita
GDP are quite low. However, during the period of
low growth in carbon emissions during the energy
crisis years, the annual average increase in
GDP/population in the U.S. declined by 50 percent
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compared to the 1960-1973 period. Large reductions
also occurred in the EU and Japan. As a measure of
maximum historic effort, this what-if scenario as-
sumes that the annual change in the
GDP/population ratio over 2001-2010 is 50 percent
lower than the projected level for each region. For
example, for the U.S. the rate of change falls from 1.3
percent per year in the baseline projection to 0.6 per-
cent per year.

5. Population

Reductions in the rate of growth of population aiso
lead to reductions in the rate of growth of carbon
emissions. As noted earlier, the relatively high U.S.
population growth rate is a major contributor to the
relatively high U.S. growth rate in carbon emissions
compared. While lowering immigration would
lower the rate of population growth, it may be unre-
alistic to assume that immigration would become a
part of climate policy. This assessment assumes no
alteration in population growth rates between now
and 2010 for the U.S., the EU or Japan.

6. Results

Table VI-1 summarizes the results of this maximum
historic effort what-if scenario. The first line in each
section repeats the business-as-usual projection
while the second line gives the what-if assumptions
as well as the resulting annual change in carbon
emissions. The short third line gives the annual
change in carbon emissions required ‘to reach the
Kyoto target.

The U.S. falls far short of the Kyoto target even un-

der the maximum historic effort scenario which
yields an emissions reduction of 1.0 percent/year
compared to a 2.3 percent/year reduction required
to reach the Kyoto target. The EU just falls short of
meeting its Kyoto target under this scenario, even
though growth in GDP per capita is cut in half, as in
the U.S. Japan's emissions fall more rapidly than
required to meet the Kyoto target linder the maxi-
mum historic scenario. However, without a drastic
reduction in the rate of growth in per capita GDP,
Japan also would miss the Kyoto target.

Figure VI-1 gives the U.S. carbon emissions under
the maximum historic effort case, as well as emis-
sions under the business-as-usual projection and the
Kyoto target case. Carbon emissions in 2010 under
these three cases are:

o Business as Usual Projection * -
1,847 million metric tons

e Maximum Historic Effort Case
1,448 million metric tons

¢ Kyoto Target
1,281 million metric tons.

Under the maximum historic effort case, carbon
emissions are limited only to 1,448 million metric
tons, far short of the Kyoto target of 1,281 million
metric tons. Hence, even if the maximum historic -
efforts that occurred over any extended period since
1960 somehow reoccurred simultaneously during
the 2001-2010 period, U.S. carbon would exceed the

Table VI-1
Maximum Historic Effort Case for 2001-2010
(average annual percentage changes)
United States
Case Carbon Carbon/ Energy Energy/ GDP GDP/ Population  Population -
BAU Projection 1.3 0.1 -0.9 1.3 08
Max. Effort Case -1.0 -0.4 -2.1 0.6 0.8
Kyoto Target -2.3
European Union

Case Carbon Carbon/ Energy Energy/ GDP GDP/ Population  Population
BAU Projection 0.5 0.2 -1.5 2.1 0.1
Max. Effort Case -1.2 -1.1 . -1.4 1.1 0.1
Kyoto Target -1.3

Japan
Case Carbon Carbon/ Energy Energy/ GDP GDP/ Population  Population
BAU Projection 0.2 -1.1 -1.3 24 0.2
Max. Effort Case -2.0 -11 -2.3 1.2 0.2
Kyoto Target -1.4
Source: Appendix B, Table B-1 for sources and for other OECD country results.
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Figure VI-1
U.S. Carbon Emissions:
Projected (Business-as-Usual), Maximum Historic Effort, and the Kyoto Target
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Kyoto target by 13 percent.

Reducing the carbon/energy ratio by 2010
as assumed would require a major alteration
in what fuels are used in the U.S. And with
the nuclear sector shrinking instead of ex-
panding and the natural gas sector already
deregulated and capturing a larger fuel
share, the task would be even harder.

The last time the assumed maximum historic
effort reduction in the energy/GDP ratio oc-
curred (in 1974-1986), U.S. fossil fuel energy
prices quadrupled. Without a similar price
increase, it would take breathtaking ad-
vances in technology plus extremely rapid
diffusion into the market place to even ap-
proach the reduction in the energy/GDP ra-
tio assumed in this case.

Clearly, reproducing the maximum historic efforts at
limiting emissions is not enough to meet the Kyoto
target domestically. But it also should be remem-
bered that maximum historic efforts occurred with
the economy and the energy system under severe
strain. For example, in the U.S.:

s The 50 percent reduction in improvements
in the GDP/population ratio, that is, in GDP
per capita, has only occurred once before in
the last 35 years, in the 1974-1986 period.
Contributing to that slowing were three re-
cessions. In all three of these recessions, U.S.
GDP per capita declined on a year to year
basis. The notion of slowing economic
growth to achieve climate change policy ob-
jectives has been widely rejected.

C. Conclusions

This analysis raises serious questions about the
claims that the Kyoto target is “realistic.” In the
past, achieving the assumed maximum historic ef-
forts required rapidly rising energy prices, an ex-
panding nuclear power sector, deregulation of the
energy sector, significant advances in technology,
and a host of government efficiency programs. Even

if the maximum historic effort were repeated, the

U.S. would not achieve the Kyoto target. Neither
would the EU, nor would Japan succeed without
drastic cuts in its GDP growth. This indicates that
the level of effort required to reach the Kyoto targets
would be quite large.
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As noted in Chapter 11, the Kyoto Protocol is really
the third set of national commitments to limit carbon
emissions. Compared to current projections, neither
the commitments made prior to 1991 nor the com-
mitments made in 1992-1995 are likely to be met.



VIl. Conclusions

The proposed Kyoto Protocol establishes limits on
greenhouse gas emissions in developed countries for
the 2008-2010 period, with an emphasis on carbon
emissions, that are well below current projections of
emissions for that period. Although the Kyoto Pro-
tocol is intended to establish legally binding limits
on emissions, it may be years before the proposed
protocol is ratified as an international treaty, if in
fact it ever is ratified.

In this regard, it is useful to note that past aims or
commitments to limit emissions have essentially not
been met. First, seven of the nine mainly European
countries who made early commitments in the 1987-
1990 period to significantly limit carbon emissions in
the 2000-2005 period appear likely to exceed their
own targets by between 8 and 80 percent. The other
countries—the smallest one and the one with the
least aggressive target—may succeed in meeting
these early emission limitation commitments.

Second, in the years surrounding the negotiation,
signing and ratification of the Framework Conven-
tion on Climate Change (1992-1995), many countries
made national commitments to limit their emissions
to 1990 levels by 2000. The few countries that ap-
pear likely to meet their commitments each have
unique explanations for that achievement, generally
unrelated to climate change policy. Germany
probably will meet its year 2000 aim because former
East Germany was integrated into West Germany
after 1990 and old energy inefficient factories and
businesses were shut down. If Great Britain meets
its commitment, it will be because it made a one-
time change in laws to promote the use of natural
gas in electric generation, thereby reducing the roles
of coal, and mining unions, in the British economy.
Based. on recent government projections, 13 of 21
countries for which data are available, including the
United States, are expected to exceed the year 2000
target by 8 percent to 30 percent. Only three or per-
haps four countries, including some of the smallest
countries (Luxembourg and Switzerland) might
make the year 2000 target.

The proposed Kyoto Protocol establishes aggressive
emissions targets and timetables that would be le-
gally binding on countries that ratify the agreement.
For the 2008-2012 period, some developed nations,
like Australia and Iceland, would be allowed emis-
sions 8 percent to 10 percent above 1990 levels.

Canada and Japan have targets that are 6 percent
below 1990 levels, and the U.S. target is 7 percent
below 1990 levels. And while the European Union
has a target that is 8 percent below 1990 levels, the
EU nations operate within a “bubbfk” in which some
countries will be allowed to increase emissions while
others must have greater emission reductions.

The Kyoto Protacol includes other actions that might
theoretically allow the limits on carbon emissions to
be less than the targets indicated above. Theoreti-
cally is the operative word because these additional
mechanisms might also lead. to a greater require-
ment to reduce carbon emissions if a country is to
meet its target. For example, the greenhouse gas
emissions target covers the aggregate emissions of
six gases. If some of the other gases are hard to con-
trol, or it is difficult to document their control, re-
ductions in carbon emissions might have to be in-
creased.

Other Kyoto Protocol mechanisms, including emis-
sions trading among developed nations, carbon
sinks, joint implementation and the Clean Develop-
ment Mechanism, are as yet not defined. Hence, it is
difficult to assess whether they will allow smaller
reductions in domestic carbon emissions than indi-
cated above. At this time, a conclusion that these
alternative mechanisms will substantially reduce
obligations to limit carbon emissions is based more
on faith or hope than on hard facts.

Existing government projections of carbon emis-
sions, based on the assumption of no new policies
(alternatively called business-as-usual, baseline, or
reference case projections), indicate that the OECD
countries would have carbon emissions in 2010 of
about 3,470 million metric tonnes carbon. This
would exceed the Kyoto targets in 2010 by roughly
850 million metric tonnes carbon. Roughly two-
thirds of the required emissions reductions would
have to occur in the United States.

Most countries would require reductions in carbon

emissions that are equivalent to about 10 percent to

20 percent of business-as-usual projected emissions
in 2010. A few nations have emission reduction re-
quirements in 2010 that are closer to that in the U.S,,
about 30 percent from projected levels.
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For over a decade. there has been a significant de-
bate over the ease or difficulty of reducing green-
house gas emissions in general, and carbon emis-
sions in particular. The Kaya Identity provides a
yardstick to evaluate the level of effort required to
meet the Kyoto targets. Comparing past and fore-
casted changes in the factors that determine carbon
emissions in the U.S. and among other OECD coun-
tries with the changes needed to meet the targets set
in Kyoto provides a useful framework for measuring
the level of effort needed.

While the Kaya Identity clearly identifies the extent
of the effort required to meet an emissions target, it
does not evaluate the policies necessary to alter the
Kaya Identity components. However, if the Kaya
Identity components are not altered from their busi-
ness-as-usual projected levels, then the Kyoto Proto-
col targets would not be met.

The results show the level of effort required of the
U.S. and many other nations to meet the carbon
emission reduction targets set in Kyoto is by any
measure unprecedented. For the United States, the
level of effort to meet the Kyoto targets is, in fact,
dramatic. For example, during the 1974-1986 energy
crisis years when U.S. inflation adjusted composite
fossil fuel prices quadrupled, the U.S. reduced its
energy/GDP ratio by an average of 2.1 percent per
year. If the effort to achieve the Kyoto target fo-
cused only on the energy/GDP component of the
Kaya Identity—the component that reflects im-
provements in energy efficiency—then the en-
ergy/GDP ratio would have to decline at 4.5 percent
per year over 2001-2010. This is more than twice the
rate of change of the energy crisis years, and about 5
times the rate of change in the business-as-usual
projection, indicating massive required changes in
how energy is used in the U.S.

If, instead, the effort to achieve the Kyoto target fo-
cused solely on changing the carbon content of en-
ergy, then the U.S. would be required to reduce its
carbon/energy ratio at an average annual rate of 3.5
percent over 2001-2010, a rate far beyond historical
experience or forecasted expectations. The degree of
change in the fuel mix whijch would be required to
bring about such declines in the carbon/energy ratio
is incomprehensible. For example, even if the U.S.
could theoretically substitute lower carbon content
natural gas for all of the higher carbon content coal,
oil and other combustibles forecasted for the year
2010, the U.S. would still fall short of its Kyoto tar-

get.

If reductions in energy intensity are no greater than
governments forecast, and the mix of fuels and
population growth does not differ from expecta-
tions, then under the Kaya Identity formulation, re-
ductions in economic growth would be required to
meet the Kyoto targets. For the U.S. per capita GDP
would need to decline at an average annual rate of
2.4 percent over the period 2001-2010 in order to
meet the target. Such growth rates would result in
profound reductions in gross domestic product
compared to government forecasts. For example,
the forecast $8.4 trillion (19908) U.S. economy in
2010 would be reduced by 31 percent to $5.8 trillion.

If economic growth is not to be sacrificed and the
mix of fuels and energy efficiency improvements are
the same as governments forecast, then under the
Kaya Identity formulation, all of the effort to reduce
emissions would fall on populations.  Under this
circumstance, what would it take to effect the
changes needed to meet the Kyoto targets? For the
U.S. it would mean that the population would need
to be about 30 percent smaller than expected for the
year 2010.

This extreme example is useful only in as much as it
provides one more measure of the enormous extent
of the effort required to meet Kyoto's targets. Short
of draconian new policies to limit immigration and
lower birth rates, it is unrealistic to assume any of
the effort required to reach the Kyoto targets would
come through reduced population growth. It is this
population growth, however, which fuels much of
the future growth in carbon emissions. Between
1990 and 2010 the U.S. population is forecasted to
increase by 20 percent whereas Europe’s is expected:
to grow only about 5 percent. This makes U.S. emis-
sion reduction targets that much more difficult to
meet.

Finally, even if the maximum past efforts at limiting
carbon emissions in each Kaya Identity component
were somehow to reoccur simultaneously for the
next decade, the U.S. would still fall far short of its
Kyoto target. This scenario yields an emissions re-
duction of 1.0 percent per year compared to a 2.3
percent annual reduction required to reach the
Kyoto target. And the EU would just fall short of
achieving its target, while Japan would not succeed
without drastic cuts in its GDP.

Clearly, the US. is not alone in terms of the level of
effort required to meet the commitments made in
Kyoto. Other countries, including many countries in



the European Union and Asia, could have major dif-
ficulties meeting the Kyoto targets and timetables.

This raises serious questions about how realistic the
targets are.

Meeting the Kyoto Protocol targets clearly would
require major changes in how.countries use energy,
and perhaps what energy is used and how fast
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economic growth occurs. Based on the Kaya
Identity analysis, it appears highly unlikely that the
Kyoto targets could be met without major new
policies to limit energy use and carbon emissions,
and highly likely that these policies would have
significant adverse impacts on the rate of growth in
per capita GDP. ; '
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Appendix A: Data Sources and Comparison of

Projections

This analysis draws on original sources for historic
energy, GDP and population data. Carbon emis-
sions are calculated using IPCC suggested method-
ology and checked against published sources with
comparable data.

The energy data for 1960 - 1995 are from the OECD'’s
Energy Balances of OECD Countries. This source re-
ports total primary energy and includes coal, crude
oil and petroleum products (non-energy use is iden-
tified and excluded from this analysis), natural gas,
nuclear, hydro-power, geothermal, solar, wind &
other, combustible renewables and waste, and other
non-specified combustion (for electricity generation
or heat).

Carbon emissions from the fossil fuels for 1960 -
1995 are calculated following procedures suggested
by the Intergovernmental Panel on Climate Change.
For example, see Part 1 of Volume 3 of the Green-
house Gas Inventory Reference Manual- IPCC Draft
Guidelines for National Greenhouse Gas Inventories,
1994. To allow for the possibility that some of the
carbon in the “combustible renewables and waste”
category is being “recycled,” that is drawn from the
atmosphere and then emitted during combustion,
the carbon content of these fuels is counted as only
half that suggested by the IPCC. While this adjust-
ment has no material impact on the analysis because
combustible renewables are such a small part of en-
ergy supplies, it does cause calculated emissions to
not be identical to some other published sources.

Historic GDP data are drawn from the OECD Na-
tional Income Accounts — Main Aggregates as well as
from the U.S. Economic Report of the President. Popu-
lation data are drawn from the OECD Labour Force
Statistics and the U.S. Economic Report of the President.

Projections for the 1996 - 2010 period are drawn
from a variety of sources, each one of which con-
tained carbon, energy, GDP and .population projec-
tions. For the U.S., this analysis relied upon the U.S.
Energy Information Administration's Annual Energy
Outlook 1998 reference case. For European Union
countries, projections from the EU Directorate Gen-
eral for Energy (DG XVII) Energy in Europe - Euro-
pean Energy to 2020: Scenario Approach, were used.
The projections for other OECD countries are from
Energy Policies of IEA Countries - 1997 Review, pub-
lished by the International Energy Agency/OECD.
To ensure consistency across the historic data as well
as the projections used in this analysis, growth rates
from the projections covering the 1995-2010 period
were applied to historic 1995 data.

Iceland, Norway, and Turkey are not included in the
analysis because comparable governmental energy
and emissions projections were not available. It
should be noted that Turkey has requested that it be
removed from the Annex I obligations under the
Framework Convention on Climate Change and is
not listed in Annex B of the Kyoto Protocol.

As noted in Chapter 2, Table II-2, of this report, there
are alternative sources of projections for 2000 and
2010. For example, Appendix Table A-1 compares
carbon emission projections for EU countries that are
covered in both the EU’s Directorate General for En-
ergy study Energy in Europe - European Energy to
2020: Scenario Approach, as well as in IEA’s Energy
Policies of IEA Countries — 1997 Review. In some in-
stances, the somewhat more recent projections from
the IEA are substantially higher (see Finland, Greece

" and Ireland). However, Germany's emissions are

lower in the IEA projection. For Great Britain, IEA |
emission projections are somewhat lower in 2000 but
somewhat higher in 2010. However, for total emis-
sions for countries covered for all years in both sets
or projections, there is little difference across the two
sets of projections. '
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Table A-1
Comparison of EU and IEA Carbon Emission Projections
(in million metric tons of CO,)

EU Projections IEA Projections

1990 2000 2010 1990 2000 2010
Austria 56 62 64 59.4 61.4 66.1
Belgium 11] 114 111 109.3 114.2 v . 122.5
Denmark 52 63 58 53.3 534 - 45.2
Finland 52 67 74 53.7 80.4 99.0
France 368 391 393 378.0 415.9 404.6
Germany 978 954 972 982.3 908.6 893.6
Greece 72 81 89 72.5 90.3 136.4
Ireland 30 34 36 33.2 384 45.2
Italy 402 439 461 409.3 448.3 NA
Luxembourg 12 8 8 10.9 7.9 7.8
Netherlands 157 161 169 161.5 159.3 165.4
Portugal 40 49 64 41.6 54.0 66.2
Spain 208 218 251 215.9 269.0 NA
Sweden 96 52.8 55.0 + - NA
United Kingdom 611 584.1 562.9 : 623.5
“EUTotal - R R { 32085 e T og3M5T T 03,2178 0 33190 0 NA
Comparable Country Total 2,649 2,675.5

Sources: EU projections are from Directorate General for Energy (DG XVII) Energy in Europe - European Energy to 2020:
Scenario Approach. IEA projections are from Energy Policies of IEA Countries - 1997 Review, published by the Interna-
tional Energy Agency/OECD.




Appendix B: Average Annual Percent Changes in
Kaya Identity Factors Affecting Carbon

Emissions

Table B-1 shows the average annual percent changes
in carbon emissions and the Kaya Identity factors
affecting these emissions for each of the OECD coun-
tries {excluding Iceland, Norway, and Turkey), and
the average for the 15-member nations of the Euro-
pean Union and the 21-member average for the
OECD countries. The percent changes in carbon
emissions shown in the bottom row are equal to the
sum of the percent changes in each of the Kaya Iden-
tity factors shown in the rows above the last one.2
Table B-1 compares the past annual average changes
in carbon emissions and the Kaya Identity factors
affecting these emissions over the 1960-1995 period
with government business-as-usual (BAU) forecasts
of changes in these factors, as well as measures of
the degree of change required if the Kyoto targets
are to be met by 2010.

The historic time periods shown in the first few col-
umns of the Table B-1 were selected to highlight the
“energy crisis” years of 1974-1986. This period was
identified in part by very large increases in energy
prices. For example, Austria’s carbon to energy ratio
declined at an average annual rate of 0.6 percent
during 1974-1986. lts energy to GDP ratio fell at an
annual rate of 1.2 percent. Per capita GDP grew by
2.2 percent annually, or just half the rate of growth
of the previous period, 1961-1973. Population
growth also fell slightly from 0.6 percent in the ear-
lier period to a flat average annual rate during the
energy crisis years.

Government business-as-usual forecasts for the pe-
riod 2001-2010 are shown in the sixth column of Ta-
ble B-1. Austria projects its carbon to energy ratio
will decline at an average annual rate of 0.5 percent
and that the amount of energy used per dollar of
GDP will decline by 1.3 percent annually. Its per
capita GDP is projected to increase by 2.0 percent
annually, while population expands at the rate of 0.1
percent yearly. Taken together these government

20 As discussed in Chapter III, the Kaya Identity expresses a
multiplicative relationship among the Kaya Identity components.
However, unless the change in individual components is large,
the average annual change in carbon emissions will be very
closely approximated by the sum of the average annual change of
the Kaya Identity components.

forecasts result in carbon emissions growing at an
average annual rate of 0.3 percent. However, in or-
der for Austria to meet its EU bubble target of 24
percent below 1990 level carbon emissions by the
year 2010, emissions must decline at an average an-
nual rate of 3.7 percent over the 2001-2010 period.

The only way for Austria to meet its target with do-
mestic actions is for one or more of the Kaya Identity
factors affecting carbon emissions to be changed in a
way that significant reductions can occur. While
numerous combinations are possible, the magnitude
of the change required is put into perspective by
holding all of the factors constant, except one. The
results are shown in the 7th, 8th, 9th and 10th col-
umns of Table B-1. Compared to historical and pro-
jected business-as-usual forecasts, the changes
needed to reach the targets are clearly very large for
all of the countries shown in Table B-1.

The last two columns of the table summarize how
emissions would grow if the maximum past efforts
at limiting carbon emissions in each Kaya Identity
component were somehow to reoccur simultaneously
over the next decade. This assessment assumes that
the annual average change in each Kaya component
over the 2001-2010 period, except population, is
equal to the maximum carbon emissions limiting
change that occurred in any of the time periods over
1960-1995. For example, the fastest decline in Aus-
tria’s carbon to energy ratio occurred during the
1961-1973 and 1974-1986 periods, when it fell at the
rate of 0.6 percent annually. Similarly, the most
rapid decline in energy use per dollar of GDP oc-
curred in the 1987-1995 period, when it fell in Aus-
tria by 1.5 percent yearly. This assessment assumes
that the annual change in the GDP/population ratio
over 2001-2010 is 50 percent lower than the business-
as-usual-projected leve] for each country. For exam-
ple, for Austria the rate of change falls from 2.0 per-
cent per year in the BAU forecast (shown in the 6th
column) to 1.0 percent per year (shown in the second
to last column). Finally, this assessment assumes no
alteration in BAU projected population growth rates
between now and 2010.
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The results show that even under this maximum ef-
fort. Austria falls far short of meeting its Kyoto tar-
get. Emissions are shown to decrease at an average
annual rate of 1 percent, whereas the average annual
decline needed to meet its target is 3.7 percent.

Some countries can meet their target under this
maximum changes scenario. However. zken to-
gether, the 15-member nations of the European Un-
ion fail to reach their Kyoto target. as does the U.S..
and as a result the OECD fails, too.



Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

Table B-1

AUSTRIA
Meeting the Kyoto Target Over 2001-2010 Historical Can

Business - by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/| Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy| GDP Population Population Changes Target?
Carbon / Energy -0.6% -0.6% -0.3% 0.1% -0.5% I -4.4% -0.5% -0.5% -0.5% -0.6% .
Energy / GDP 05% -12% -1.5% -1.0% -1.3% -1.3% -5.3% -1.3% -1.3% -1.5% :
GDP / Population 43% 22% 20% 28% 2.0% 2.0% 2.0% -2.0% 2.0% 1.0% '
Population 0.6% 0.0% 0.7% 0.2% 0.1% 0.1% 0.1% 0.1% -3.8% 0.1%
Carbon (Million MT) 47% 03% 08% 21% 0.3% -3.7% . 3.7% -3.7% -3.7% -1.0% NO

AUSTRALIA
Meeting the Kyoto Target Over 2001-2010 Historical Can

Business by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -03% -02% 0.0% 0.0% 0.0% | -2.6% 0.0% 0.0% 0.0% -0.3% ' .
Energy / GDP -0.4% -0.6% -05% -0.5% -1.3% -1.3% -3.8% -1.3% -1.3% -0.6% .
GDP / Population 32% 1.5% 18% 2.3% 1.5% 1.5% 1.5% -1.0% 1.5% 0.8% :
Population 1.9% 13% 13% 0.9% 1.1% 1.1% 1.1% *1.1% -1.5% 1.1% * .
Carbon (Million MT) 44% 20% 26% 2.7% 1.3% -1.3% -1.3% -1.3% -1.3% 1.0% NO
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Table B-1 (continued)
Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

BELGIUM
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya ldentity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/| - GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy 1.1% -2.0% -02% -1.5% -0.6% I -1.5%) -0.6% -0.6% -0.6% -2.0%
Energy / GDP 0.5% -1.7% -08% -2.1% -1.5% -1.5% -2.4% -1.5% -1.5% -1.7% '
GDP / Population 4.4% 1.7% 1.9% 3.1% 1.9% 1.9% 1.9% 1.0% 1.9% 0.9%
Population 0.5% 0.1% 03% -0.3% 0.0% 0.0% 0.0% 0.0% -0.9% 0.0% !
Carbon (Million MT) 43% -1.9% 12% -1.0% -0.3% -1.2% -1.2% -1.2% -1.2% -2.7% YES
CANADA
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy 0.5% -0.9% -0.2% -0.7% 0.2% [ 28%] 0.2% 0.2% 0.2% -0.9% :
Energy / GDP 04% -1.7% -0.1% -0.6% -1.2% -1.2% -4.2% -1.2% -1.2% -1.7% '
GDP / Population 36% 23% 07% 1.3% 1.3% 1.3% 1.3% -1.8% 1.3% 0.6% .
Population 18% 12% 14% 0.9% 0.9% 0.9% 0.9% 0.9% -2.2% 0.9% '
Carbon (Million MT) 53% 0.7% 18% 0.9% 1.2% -1.9% -1.9% * -1.9% -1.9% 1.1%* NO
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Table B-1 (continued)

Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

DENMARK
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya ldentity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.8% 05% -04% -0.5% -1.4% | -5.1% -1.4% -1.4% -1.4% -0.8%
Energy / GDP 19% -2.0% -08% -1.4% -1.4% -1.4% -5.0% -1.4% -1.4% -2.0%
GDP / Population 3.6% 2.0% 1.3% 3.1% 1.8% 1.8% 1.8% -2.0%| 1.8% 0.9%
Population 07% 02% 02% 0.0% 0.2% 0.2% 0.2% 0.2% -3.6% 0.2% :
Carbon (Million MT) 55% 07% 04% 1.2% -0.8% -4.5% -4.5% -4.5% -4.5% -1.7% NO
EUROPEAN UNION
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya ldentity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.9% -1.1% -0.8% -0.2% -0.2% | -2.0% -0.2% -0.2% -0.2% -1.1%, :
Energy / GDP 11% -1.4% -11% -1.7% -1.5% -1.5% -3.3% -1.5% -1.5% -1.4% '
GDP / Population 4.0% 1.8% 1.8% 2.6% 2.1% 2.1% 2.1% 0.4% 2.1% 1.1% .
Population 07% 03% 04% 0.3% 0.1% 0.1% 0.1% 0.1% -1.6% 0.1%
Carbon (Million MT) 50% -04% 0.2% 0.9% 0.5% -1.3% -1.3% * -1.3% -1.3% -1.2%* NO
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Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

Table B-1 (continued)

FINLAND
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum' Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy 0.4% -1.4% 0.0% 1.2% 0.0% [ -33% 0.0% 0.0% 0.0% -1.4% Z
Energy / GDP 1.1% -0.7% -04% 0.6% -1.6% -1.6% -4.8% -1.6% -1.6% -0.7% ’
GDP / Population 46% 23% 09% 29% 2.4% 2.4% 2.4% -1.0% 2.4% 1.2% .
Population 04% 04% 04% 02% 0.2% 0.2% 0.2% 0.2% -3.1% 0.2% '
Carbon (Million MT) 6.5% 0.6% 0.9% 5.0% 1.0% -2.3% -2.3% -2.3% -2.3% -0.7% NO
FRANCE
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya ldentity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -1.0% -3.1% -1.6% -0.1% -0.8% | -1.3% -0.8% -0.8% -0.8% -3.1% :
Energy / GDP 08% -07% -01% -1.4% -1.5% -1.5% -2.0% -1.5% -1.5% -0.7% .
GDP / Population 44% 15% 15% 2.0% 2.1% 2.1% 2.1% 1.6% 2.1% 1.0% :
Population 1.0% 05% 05% 07% 0.4% 0.4% 0.4% 0.4% -0.1% 0.4% '
Carbon (Million MT) 52% -1.7% 0.3% 1.2% 0.1% -0.4% -0.4% « -0.4% -0.4% -2.3% YES
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Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

Table B-1 (continued)

GERMANY
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/| Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.9% -0.8% -0.9% 0.5% -0.2% I -2.8% -0.2% -0.2% -0.2% -0.9%
Energy / GDP 2.8% -1.4% -2.9% -2.8% -1.9% -1.9% -4.4% -1.9% -1.9% -2.9% .
GDP / Population 3.7% 2.1% 1.7% 3.5% 2.3% 2.3% 2.3% -0.4% 2.3% 1.1%
Population 0.6% -0.1% 0.6% 0.4% 0.0% 0.0% 0.0% 0.0%! -2.6% 0.0% .
Carbon (Million MT) 6.4% -0.2% -1.6% 1.5% 0.2% -2.4% -2.4% -2.4% -2.4% -2.6% YES
GREECE
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy 00% 04% 00% -0.3% 04% [ 03%] - -0.4% -0.4% -0.4% 0.0% :
Energy / GDP 51% 04% 1.7% -0.6% -1.3% -1.3% -0.7%) -1.3% -1.3% 0.4%
GDP / Population 71% 16% 12% 1.8% 2.5% 2.5% 2.5% 3.2%] - 2.5% 1.3%
Population 05% 09% 05% 0.3% 0.2% 0.2% 0.2% 0.2% 0.8% 0.2% .
Carbon (Million MT) 13.0% 33% 35% 1.2% 0.9% 1.6% 1.6% . 1.6% 1.6% 1.8% NO
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Table B-1 (continued)
Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

IRELAND
Meeting the Kyoto Target Over 2001-2010 Historical Can

Business by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987-  1996- Forecasts Carbon/ Energy/ GDP/| Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.8% 0.0% -0.4% 0.9% -0.6% | -0.9% -0.6% -0.6% -0.6% -0.8% '
Energy / GDP 0.8% -1.0% -3.4% -21% -1.9% -1.9% -2.1% -1.9% -1.9% -3.4%
GDP / Population 3.7% 24% 58% 27% 3.1% 3.1% 3.1% 2.8% 3.1% 1.6% :
Population 06% 1.1% 0.1% -0.1% 0.0% 0.0% 0.0% 0.0% -0.3% 0.0%
Carbon (Million MT) 43% 23% 1.9% 1.3% 0.6% 0.3% 0.3% 0.3% 0.3% -2.7% YES

ITALY
Meeting the Kyoto Target Over 2001-2010 Historical Can

Business by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy 0.6% -0.3% -0.1% -0.5% -0.5% | -2.4% -0.5% -0.5% -0.5% -0.3% .
Energy / GDP 34% -21% -02% -0.9% -1.0% -1.0% -2.9%| -1.0% -1.0% -21%
GDP / Population 46% 2.4% 1.8% 2.6% 2.0% 2.0% 2.0% 0.1% 2.0% 1.0% '
Population 07% 03% 0.1% 0.0% -0.1% -0.1% -0.1% -0.1% -2.0% -0.1%
Carbon (Million MT) 95% 03% 1.7% 1.1% 0.5% -1.5% -1.5% -1.5% -1.5% -1.5%]| YES
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Table B-1 (continued)

Average Annual Percent Changes in Kaya ldentity Factors Affecting Carbon Emissions

JAPAN
Meeting the Kyoto Target Over 2001-2010 Historical Can

Buslness by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon Energy GDP, Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDPF| Populationp Population Changes Target?
Carbon / Energy -06% -1.1% -0.6% -0.4% -1.1% | -2.6% -1.1% -1.1% -1.1%l -1.1%
Energy / GDP 1.3% -23% 06% -3.0% -1.3% -1.3% -2.8% -1.3% -1.3%) -2.3% .
GDP / Population 8.4% 2.5% 2.6% 2.7% 2.4% 2.4% 2.4%; 0.8% 2.4 % 1.2%
Population 1.2% 0.9% 0.4% 0.3% 0.2% 0.2% 0.2% 0.2%) -1.3% 0.2% .
Carbon (Million MT) 10.4% -0.1% 3.0% -0.5% 0.2% -1.4% -1.4% -1.4% -1.4%) -2.0% YES

LUXEMBOURG
Meeting the Kyoto Target Over 2001-2010 Historical Can

Business by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya ldentity 1961- 1974 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy 11% -0.8% -1.5% -1.4% -0.6% I -1.8% -0.6% -0.6% -0.6% -1.5% )
Energy / GDP -1.6% -48% -44% 0.7% -11% -1.1% -2.3% -1.1% -1.1% -4.8%
GDP / Population 3.2% 1.9% 4.5% -0.2% 21% 21% 21% 0.9% 2.1% 1.0% !
Population 0.9% 0.4% 1.2% -0.4% -0.3% -0.3% -0.3% -0.3% -1.4% -0.3%
Carbon (Million MT) 1.4% -3.2% -0.3% -1.4% 0.0% -1.2% -1.2% -1.2% -1.2% -5.5% YES
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Table B-1 (continued)
Average Annual Percent Changes in Kaya ldentity Factors Affecting Carbon Emissions

NETHERLANDS
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya ldentity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -1.8% -0.1% 0.1% -0.8% -0.2% I -1.8% -0.2% -0.2% -0.2% -1.8% '
Energy / GDP 37% -1.7% -11% -2.3% -1.5% -1.5% -3.0% -1.5% -1.5% -1.7% ,
GDP / Population 3.6% 1.4% 1.9% 1.3% 1.9% 1.9% 1.9% 0.2% 1.9% 0.9% '
Population 1.2% 0.6% 0.7% 0.7% 0.3% 0.3% 0.3% 0.3% -1.3% 0.3%
Carbon (Million MT) 6.8% 0.3% 1.5% -1.1% 0.5% -1.1% -1.1% -1.1% -1.1% -2.2% YES
NEW ZEALAND
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/| Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy N.A. N.A.  -05% -0.4% 0.0% | -2.8% 0.0% 0.0% 0.0% N.A.
Energy / GDP N.A. N.A. 0.9% -0.3% -1.2% -1.2% -3.9% -1.2% -1.2% N.A.
GDP / Population 2.3% 1.0% 0.6% 2.3% 2.1% 2.1% 2.1% -0.7% 2.1% 1.1%
Population 1.7% 0.8% 1.0% 0.7% 0.9% 0.9% 0.9% 0.9% -1.9% 0.9%
Carbon (Million MT) N.A. N.A. 20% 2.2% 1.7% -1.1% -1.1% -1.1% -1.1% N.A. N.A.
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Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

Table B-1 (continued)

OECD
Meeting the Kyoto Target Over 2001-2010 Historical Can

Business by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya ldentity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/| GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.5% -0.7% -0.5% -0.1% -0.1% I -2.8% -0.1% -0.1% -0.1% -0.7% -
Energy / GDP 0.3% -1.8% -06% -1.3% -1.2% -1.2% -3.9% -1.2% -1.2% -1.8%
GDP / Population 4.0% 1.8% 1.7% 2.3% 1.8% 1.8% 1.8% -0.9% 1.8% 0.9% '
Population 1.0% 0.6% 0.6% 0.5% 0.4% 0.4% 0.4% 0.4% -2.2% 0.4%
Carbon (Million MT) 48% -01% 1.2% 1.3% 1.0% -1.8% -1.8% -1.8% -1.8% -1.1% NO

PORTUGAL
Meeting the Kyoto Target Over 2001-2010 Historical Can

Business by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy 0.0% 0.3% 0.7% -0.1% 0.5% I -0.7% 0.5% 0.5% 0.5% 0.0% .
Energy / GDP 0.2% 2.1% 1.7% 1.7% -0.9% -0.9% -2.1% -0.9% -0.9% 0.2%
GDP / Population 6.9% 1.2% 3.2% 3.6% 3.1% 3.1% 3.1% 1.9% 3.1% 1.6% '
Population 0.0% 1.2% -01% -0.9% 0.0% 0.0% 0.0% 0.0% -1.1% 0.0%
Carbon (Million MT) 71% 4.8% 56% 0.7% 2.7% 1.5% 1.5% 1.5% 1.5% 1.8% NO
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Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

Table B-1 (continued)

SPAIN
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.8% -05% -05% -12% 0.0% I -0.1% 0.0% 0.0% 0.0% -0.8% 4
Energy / GDP 1.9% 0.8% 0.9% -3.8% -1.3% -1.3% -1.4% -1.3% -1.3% 0.8% '
GDP / Population 6.2% 1.2% 2.7% 2.6% 2.5% 2.5% 2.5% 2.3% 2.5% 1.3% :
Population 1.0% 0.8% 0.2% 0.3% 0.2% 0.2% 0.2% 0.2% 0.0% 0.2% .
Carbon (Million MT) 8.4% 2.3% 3.3% -2.2% 1.4% 1.3% 1.3% 1.3% 1.3% 1.4% NO
SWEDEN
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.3% -3.6% -04% 0.5% 5.8% I -0.3% ‘ 5.8% 5.8% 5.8% -3.6% .
Energy / GDP 1.1% 0.2% -0.9% -0.7% -2.9% -2.9% -8.5% -2.9% -2.9% -0.9%
GDP / Population 3.5% 1.6% 0.6% 1.3% 2.1% 21% 2.1% -3.7% 2.1% 1.0% '
Population 0.6% 0.2% 0.6% 0.3% 0.2% 0.2% 0.2% 0.2% -5.5% 0.2%
Carbon (Million MT) 5.0% -1.6% -0.1% 13% 5.0% -1.0% -1.0% -1.0% -1.0% -3.3% YES
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Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

Table B-1 (continued)

SWITZERLAND
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.4% -1.7% -0.7% 0.2% 0.0% I -1.1% 0.0% 0.0% 0.0% -1.7% '
Energy / GDP 3.1% 0.8% -0.6% -2.0% -1.6% -1.6% -2.7% -1.6% -1.6% -0.6%
GDP / Population 3.0% 0.8% 0.4% 1.0% 1.9% 1.9% 1.9% 0.8% 1.9% 1.0% ’
Population 1.4% 0.2% 0.8% 0.8% 0.3% 0.3% 0.3% 0.3% -0.8% 0.3%
Carbon (Million MT) 73% 0.0% 0.0% 0.0% 0.5% -0.5% -0.5% -0.5% -0.5% -1.1% YES
UNITED KINGDOM
Meeting the Kyoto Target Over 2001-2010 Historical Can
Business by Changing Only One Kaya Factor and and/or BAU Maximum
as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987-  1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -11% -06% -1.0% -0.6% -0.4% I -1.9% ‘ -0.4% -0.4% -0.4% -1.1%
Energy / GDP 0.6% -21% -1.2% -0.6% -1.5% -1.5% -2.9% -1.5% -1.5% 2.1%
GDP / Population 2.6% 1.6% 1.7% 2.4% 1.9% 1.9% 1.9% 0.5% 1.9% 1.0% '
Population 05% 01% 03% 02% 0.2% 0.2% 0.2% 0.2% -1.2% 0.2%
Carbon (Million MT) 1.3% -1.0% -02% 1.3% 0.2% -1.2% -1.2% -1.2% -1.2% -2.1% YES
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Table B-1 (continued)
Average Annual Percent Changes in Kaya Identity Factors Affecting Carbon Emissions

UNITED STATES
Meeting the Kyoto Target Over 2001-2010 Historical Can

Business by Changing Only One Kaya Factor and and/or BAU Maximum

as Usual Setting Other Factors Equal to BAU Forecasts Projected Changes
Kaya Identity 1961- 1974- 1987- 1996- Forecasts Carbon/ Energy/ GDP/ Maximum Meet
Factors 1973 1986 1995 2000 2001-2010 Energy GDP Population| Population Changes Target?
Carbon / Energy -0.2% -02% -04% 0.0% 0.1% I -3.5% 0.1% 0.1% 0.1% -0.4% .
Energy / GDP 0.3% 21% -04% -0.6% -0.9% -0.9% -4.5% -0.9% -0.9% -2.1%
GDP / Population 2.7% 1.3% 1.3% 1.7% 1.3% 1.3% 1.3% -2.4% 1.3% 0.6% '
Population 1.2% 1.0% 1.0% 0.9% 0.8% 0.8% 0.8% 0.8% -2.8% 0.8%
Carbon (Million MT) 40% 0.0% 1.4% 1.9% 1.3% -2.3% -2.3% -2.3% -2.3% -1.0% NO

N.A. = not available or not applicable.

Sources: The average annual changes in the Kaya Identity factors were calculated from the following sources: Energy data for 1960 - 1995 are available in diskette form
from the OECD’s Energy Balances of OECD Countries. The data used here are for total primary energy and include: coal, crude oil and petroleum products {excluding
non-energy use), natural gas, nuclear, hydro-power, geothermal, solar, wind & other, combustible renewables and waste, and other non-specified combustion (for
electricity generation or heat). The carbon content of these fuels is calculated following procedures suggested by theIntergovernmental Panel on Climate Change.
Carbon emissions include the above fossil fuels plus 50 percent of the carbon content of combustible renewables to allow for some “recycling” of carbon. Historic GDP
data are drawn from the OECD National Income Accounts - Main Aggregates as well as from the U.S. Economic Report of the President. Population data are drawn from the
OECD Labour Force Statistics and the U.S. Economic Report of the President. All projections are “business-as-usual,” “reference case” or "basecase” projections. The EU
country projections are from the EU Directorate General for Energy (DG XVII) Energy in Europe - European Energy to 2020: Scenario Approach. The U.S. projection is from
the U.S. Energy Information Administration Annual Energy Outlook 1998, and the projections for other OECD countries are from Energy Policies of IEA Countries - 1997
Review, by the International Energy Agency/OECD. IEA projections have emissions in some countries substantially higher (Finland, Greece and Ireland) than the EU
projections. Germany'’s emissions are somewhat lower and emissions for the United Kingdom are lower in 2000, but about the same in 2010. In calculating the average
annual change in carbon emissions needed to reach the Kyoto Protocol targets for 2008-2012, or the midpoint of that period 2010, adjustments have been made to EU
country targets because of the “EU-bubble.” Under the bubble, some countries will be allowed to increase their emissions while others must have offsetting reductions
that allow the EU to meet its overall target. The assumption here is that the EU bubble proposal reached by the EU Council of Ministers Environmental (*"EU
Conclusions on Climate Change,” reached in Brussels, 3 March 1997) will be adjusted proportionately for each county so that the EU Kyoto target of a 8 percent below
1990 levels is reached, rather than the roughly 10 percent reduction from 1990 levels in the “EU Conclusions.”
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Talking Points on the

Economic Impact of the Kyoto Protocol
June 9, 1998
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1 The model used to derive these numbers is flawed. It omits all the flexibility mechanisms
included in the Kyoto Protocol and the Administration’s policies.

. The WEFA analysis omits international emissions trading. This study assumes
that no countries undertake emissions trading, even though the right to trade is
explicitly stated in the Kyoto agreement. International trading among industrialized
countries could reduce costs of emissions by half.
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. The WEFA study does not include developing country participation in
emissions reduction. This study assumes developing countries do nothing to reduce
greenhouse gas emissions. However, the Kyoto Protocol establishes the Clean
Development Mechanism, and even if developing nations only participate in this
mechanism the costs to the United States could be 20 to 25% lower. If key
developing countries participate more fully, for example by taking on emissions
targets and undertake emissions trading, the costs to the United Statcs could be 3
reduced even more. o

»  The WEFA study does not account for six categories of greenhouse gases. This
study assumes that emissions reductions would occur only through carbon dioxide
reductions, even though all six major greenhouse gases are covered by the Protocol.
Since the Kyoto agreement requires countries to reduce emissions to specific targets,
on average across all kinds of greenhouse gases, the flexibility is available to reduce

1 emissions of some gases more than others if it is cost-effective. Allowing for:tradingj

s cacross gases could lower-costs by_about 10%. )

. The WEFA analysis omits carbon sinks. This study assumes that no carbon sink >
opportunities for absorbing greenhouse gas emissions are available, even though the ha
Kyoto agreement explicitly includes forestry activities. Low-cost carbon sink
options provide another opportunity to achieve emissions targets at a modest cost.

By ignoring these flexibility mechanisms, this analysis fails to assess accurately the Kyoto
Protocol as well as the Administration’s efforts to reduce greenhouse gas emissions. The
Administration has always said that reducing emissions can be done smart or dumb. By failing
to account for these flexibility mechanisms, the WEFA analysis illustrates the costs of doing it
dumb. The Administration believes that by including market mechanisms it can be done smart.

The costs of meeting the challenge of climate change will be modest. The Administration is
working to ensure that greenhouse gas emissions that contribute to global warming are reduced in
common sense, cost-effective ways. The Administration believes that with effective market
mechanisms -- international emissions permit trading, the Clean Development Mcchanism joint
implementation, timing flexibility during the cormmitment period, opportunities to trade across
greenhouse gases, and carbon smks -- as well as w'tb meamngful developmg country pamapamn
and flexible timetables, the ¢ mic cost to the United Stz meeting the Kyoto ets will b

modest.
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2. The potential costs of waiting too long to address the threat of climate change exceed the
costs of acting now. The threats climate change presents are widespread and range from
potential increases in asthma and infectious diseases to increasingly frequent and severe 2
storms. Despite the challenge of putting a price tag on the risks of inaction, economists have ~
nonetheless developed troubling cost estimates of the risks of global climate change -- E
ranging in the tens of billions of dollars per year for the United States. a

. Human health. Warmer temperatures are projected to increase fatalities attributable
to heat waves in the U.S. of the kind that killed 400 in Chicago in 1995. The
incidence of asthma and other respiratory illnesses, particularly among children and
the elderly, is expected to increase from the additional smog caused by warmer
temperatures. In a warmer, wetter world, the geographic ranges for infectious
diseases could significantly expand. The incidence of malaria, for example, could
increase by 50 million or more cases a year by 2100.

. Extreme weather. Warmer, wetter weather is projected to increase the frequency ot
and intensity of extreme events such as floods and drought. The 1993 Mississippi -
River flood alone caused damages of $10-20 billion, while the Pacific Northwest
floods in 1996-97, and the 1997 Ohio River and Red River floods resulted in
substantial costs to business and homeowners. Global warming may also mean
increased drought in the U.S., particularly in the Great Plains and other arid areas.

PRI WA T R T
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. Sea level rise. Scientists project that sea level will rise by an additional 6-38 inches e
by 2100. A 20 inch-rise could inundate 7,000 square miles of the U.S. coastline,
with Florida and the Gulf Coast at greatest risk. Changes in rain and snowfall could
affect water supplies and water quality, posing threats to irrigation, fisheries, and
drinking supplies

. Agricultural impacts. Changes in growing seasons, water availability, soil moisture
and precipitation could cause significant regional shifts in food productivity, with
decreases in food production.

3. The President’s plan protects the environment and grows the economy. In October 1997,
President Clinton put forward a responsible, balanced approach to begin meeting the =
challenge of global warming, while protecting our economy and maintaining our
international competitiveness. This plan emphasizes win-win initiatives designed to cut
emissions by increasing energy efficiency; developing new, cleaner energy technologies; '
working with industry and others to promote sensible solutions; and relying on market-based
mechanisms to ensure cost-effective reductions.

FU T L
EERE EX EXE NI

. The plan includes a §6:3 billion package-of taX"incentives and R&D aimed at cutting
greenhouse gas emissions and building partnerships with industry to remove barriers
1o the development and widespread use of energy efficient technologies and
practices.

wedn i i

4. Enabling environmental protection and economic growth to go hand-in-hand. For the
past 25 years, efforts to protect the environment, whether by cleaning our air and water, =
eliminating acid rain or closing the ozoue hcle, have been repeatedly assailed as a threal to :
our economy. Yet today we have the cleansst environment jn a generation and the strongest
economy in a generation. President Clinton’s balanced approach to the challenge of climate :

2
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change will allow us to grow the economy 2nd protect the environment at the same time.
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FIRST COMPREHENSIVE POST-KYOTO STUDY siebX of t
Vlact

SHOWS TREATY WILL COST FAMILIES $§2,700 A

WASHINGTON, D.C. — The climate treaty n.
will cost the typical American family of four{$2,700
as energy, manufactured goods, and food, ac i
Global Climate Coalition.

yoto, Japan, last December
year in higher costs for such things
to a study released today by the

The study, conducted by the independent economic forecasting firm WEFA, Inc,,
projects that the treaty jeopardizes 2.4 million jobs in the mining, energy, manufactunng,
agriculture, and service industries.

WEFA is the first independent organization to calculate, both nationally and on a state-
by-state basis, the full economic consequences of the treaty negotiated in Kyoto. In
addition, it looks at impacts in 20 representative cities, counties, and metropolitan areas
across the nation.

“While scientists debate the extent of human impact on the global climate, there is no
question that the Kyoto treaty will have a dramatic effect on what American families pay
for gasoline, electricity, and food,” said Mary Novak, WEFA Senior Vice President and
lead author of the study.

The WEFA study’s cost projections are based on several key assumptions: that the U.S.
will cut greenhouse gas emissions to a point seven percent below 1990 levels by the years
2008 to 2012, as required by the treaty; that there will be no international system for
emissions trading with developing nations; and that there will be no Clean Development
Mechanism enabling U.S. companies to build efficient new facilities in developing
nations and take credit for emissions reductions.

- More -

@
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“These assumptions reflect the way things ar2 today,” Novak said. “None of the devices
included in the treaty to ease the economic burden of cutting U.S. energy consumption by
35 percent or more exists. And there is no reason to believe they will be available in time
to make a difference. The sad truth is, we need to be looking at this kind of worst case
scenario because that’s the reality Americans face.”

GCC President Gail McDonald said the WEFA study confirms the worst fears the U.S.
Senate expressed last year when it voted 95-C to oppose any treaty that would harm the
American economy. “This treaty is a threat to cur new prosperity,” she said. “The
WEFA study proves conclusively that the Kyoto Protocol is impractical and it won’t
work.”

B

The Global Climate Coalition is an organization of trade associations and private companies established
in 1989 t0 coordinate participation in the scientific and policy debate on global elimare change.
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Economic Impacts of the Kyoto Protocol On
Selected Cities and Counties

(WEFA, Ine., June 1998)

City, County | Jobs Lost
Boston, Massachusetts . 42,000
Billings, Montana - ' 26,000
Chicago, Iilinois 94,000
Charlotte, North Carolina , 25,000
Clark County, Nevada 14,000
Cleveland, Ohio._ | 25,000
Fairfax, Virginia 9,500
Fort Wayne, Indiana 8,000
Fulton County, Georgia 26,000
Harris County, Texas 45,000
Hennepin County, Minnesota 14,000

-Howard County, Maryland - 1,5C0
Jefferson County, Kentucky _ 11,000
Madison County, Alabama 3,600
New Orleans, Louisiana 20,000

Oklahoma City, Oklahoma 9,400
Philadelphia, Pennsylvania 43,000
Phoenix, Arizona | 68,000
San Jose, California 27,000
Seattle, Washington 24,000
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Economic Impacts of the KXyoto Protocol On States

(WEFA, Inc,, June 1998)

State Jobs Los: Cost per family
of four (8§)
Alabama 67,500 943
Alaska 4,300 1,603
Arizona 102,300 1,572
Arkansas 20,600 932 -
California 278,800 1,312
Colorado 47,400 1,144
Connecticut 28,100 1,264
Delaware 4,500 1,240
Florida 142,000 1,816
Georgia 80,000 1,708
Hawaij 9,700 1,020
Idaho 11,600 764
Nlinois 190,700 1,516
Indiana 99,700 1,228
Towa 21,600 772
Kansas 18,400 968
Kentucky 56,500 1,436
Louisiana 64,500 1,232
Maine 7,000 1,772
Maryland 33,300 1,012
Massachuserts 45,600 1,736
Michigan 96,500 1,156
Minnesota 46,900 1,376
Mississippi 28,600 924
Missouri 48,700 1,084
Montana 41,500 2,740
Nebraska 19,000 1,136
Nevada 27,300 1,356
New Hampshire 12,400 1,628
New Jersey 120,500 800
New Mexico {3,500 724
New York 140,000 976
North Carolina 107,200 1,272
North Dakota 3,600 992
Ohio 119,800 1,188
Oklahoma 26,600 732
Oregon 22,900 320
Pennsylvania 108,000 748
Rhode Island 3,400 1,592
South Carolina 32,500 976
South Dakota 7,200 1,168
Tennessee 39,500 892
Texas 124,600 828
Utah 12,700 976
Vermmont 2,300 1,512
Virginia 34,600 756
Washington 47,700 1,120
West Virginia 19,400 948
Wisconsin 69,800 1,348
Wyoming 7,600 928
futifiott
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Global Warming

The High Cos _,o_'f'the Kyoto Protocol

National and State [mp cis— Executive Summary

tmplementing the Kyoto The Kyoto Protocol is an international treaty that would commit the U.S. and other
Protocol Would Reduce industrialized countries to reduce greenhouse gas emissions by late next decade.
Economic Prosperity and Developing countries would not commit to reduce their greenhouse gas emissions.
Cost US Jobs Without the participation of the developing countries, the impact ou global greenhouse
gas emissions from implementing the Kyoto Protocol would be small.

» Loss of 2.4 Milllon Jobs

>  Loss of $300 bilfion in US The Kyoto Protocol Would Have Little Impact on Global
GDP annually, an average Carbon Emissions from Man-Made Sources
foss of $2700 per household
> Loss of competitiveness to 10.000
developing-countries which 9.000 | OOzveping Countries _
rafuse to commit to emission £.000 - ;;:‘.:" m: : ?(";":‘-;_:’ri'::-’“a‘
targets 2,000 -
6.000 1
. . E 5,000 |
. 4,000
Energy Prices Would 3000 |
Double for Businesses zlooo ]
{Percent Increate from Baseline) 1'000 |
an 0
= o a0m oewmey 1880 1995 2000 2005
E il Source: Energy Information Administration, Intcrnational Energy Outlook 1997
=L % The US faces a daunting task: reducing greenhouse gas emissions to 93% of the 1990

level. Today, carbon emissions exceed the target by 16%; by 2010 -- 37% or merz,

m‘;;zﬁ,:: 5::&7‘, Rise The Kyoto Protocol’s Call for Near-Term Action Costs US Jobs
(Peccent Increase from Basetine) Economists at academic institutions and independent firms, including WEFA, have
helped define climate policy options and their likely costs for more than a decade. All
of their studies estimated high costs at both the national and individual state levels -
without carbon limits, thc cconomy and eaergy—usc arc expected to grow steadily.
Reducing energy-use to achieve carbon emission reductions to or below 1950 levels
within 10-12 years requires sending very powerful price signals through the economy.
However, these powerful price signals, implemented by adding permut fees or taxes to
energy prices, result in; premature retirement of apital stock, 2 decline in GDP, 2 risc
in unemployment, less capital for busincss investments, and less disposable houschold
Evéry State Would Suffer income. The result is a picture of a less prosperous America.

Large Manufacturing Job '

Losses, Even Non-Energy- A Better Strategy:

Intensive States Promote Technological Progress and Global Participation
(Percent Decrease from Baseline)

Aout Ougt

WEFA believes the better climate strategy would be to match policy actions to an
- . - evolving understanding of climate science, as global warming is likely to be gradual

- and limited to only a small change in average global temperature. Measures consistent
- with this approach would be:
- m increase Investments in tachnology and gradually replace existing capital stock v Soved.
- ® encodrage voluntary actions to reduce greenhouse gas emissions v !_{V:Q
~ G
m insist that developing countries meaningfully participate v Clich
A

GLOBAL WARMING. THE HIGH COST OF THE KYOTQ PROTOCOL (o
WATIONAL AND STATE IMPACTS = EXECUTIVE SUMMARY P
weeas e~ {008
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Unemployment Rate (n 2010:

-Qverview

In Washington, DC and .tiroughout the nation, elected officials and key leaders are

State Base Kyoto N X . R -
debating whether the Kyoto Protocol, an international treaty negotiated by the Clinton
Alaska 7.20 8.61 Administration that would legally bind developed countries to reduce their greenhouse
Alabama 3.63 633 gas emissions, should be signed and ultimately ratified by the US Senate. By the terms
ATKaNSaS 2SS of the Protocol, the US would have to reduce its cmissions 7% below 1990 levels by
:f:;::b ::: :;: late next decade. And, unless developing countries agree to binding emissions targets,
Colorado 175 6.32 a competitive imbalance would be created berween industrial and developing nations.
Connecticut 548 6.97 : )
Dolaware 4T 554 Meeting the goal of the Xyoto Protocol would be a daunting task. In 1997, carbon
Florida 457 6.66 emissions from the energy sector, the majority of greenhouse gas emissions, exceed the
‘:"3!' :-:: ;:: goal established at Kyoto by 16%. By late next decade, WEFA projects that carbon
hw:" 607 €29 emissions would exceed the goal by at least 37%. Due to population increases, on a
(@aho 392 6.28 per capita basis, the required reduction would exceed 50%.
IMinols 233 6.06
{ndiana 265 6.5 WEFA has analyzed the economic consequences to the U.S. of achieving the Kyoto
Kansas 421 639 target through domestic actions. These consequeaces would be severs, a result that
Kentucky 4.60 7.10 others analyzing ‘even less onerous targets also have reported. These. include the U.S.
m‘:::'m ot :’:; :‘:g - Department of Energy, leading academic institutions, and other independent consulting
Maryland 4:71 5:92 {firms. Meet:i.ng the Kyoto target would:
:::;,n : :; :::: » Nearly double enercy and electricity prices, and raise gasoline prices an
Minnesota 3.45 483 additional 65 cents per galion.
Missourl 404 555 :
Mizzisslppl 6.86 794 u Cost 2.4 million US jobs and reduce US total output $300 billion (1992%)
Montana 6.04 93¢ annually, 3.2% below baseline GDP projeclions, an amount greater than the
North Carolina  3.95 6.4 total expenditure on primary and secondary education.
North Dakata 278 3.66 -
:::':“:'Psmm ::: ;:i u Harmm U.S. competitiveness, as developing countries will not need to raise
Now Jersey X energy prices (or produd, prices) to meet mandatory greenhouse gas targets.
:::::”” :2 :::2 = Reduce the average annual household income nearly $2700, at a time when
New York 624 T.76 the cost of all goods, particularly food and basic necessities, would rise sharply.
3:::,,,,,,, ::; :I: = State tax revenues would be reduced by $93.1 billion due to job and output
Ocegon 547 663 loses attributable to lost US competitiveness in the global market and higher
Pennsytvania  4.65 6.37 energy Costs.
Rhode lsiand 4.57 6.27 _
South Carolina_ 5.48  €.93 The sharp risc in enmergy prices would reduce ecomomic growth opportunities.
SouthDakota  3.23  4.81 Compounding this effect is the loss of competitivencss the industrialized countries
Tennessoe 6.41 6.61 .. . . .
Yexas 621 612 would suffer, as developing countries would not raisc energy prices to mest
Utah 309 3.3 greenhouse gas reduction targets. Although developing countries argue that fall
Virginia 423 6,06 responsibility for mitigating the risk of global warming rests with industrialized
Vermont 412 479 countries, developing countrics exempted themselves from emission limits because
x;‘:::::" ::ﬁ i;i they recognize the role energy plays in their economic development.
::::.’::‘"h :::: ::z: The Administration has argued that new technology can drastically reduce the costs of
TN T ess implementing the Kyoto Protocol, and that intamational permit trading, sinks and other
market-based mechanisms mentioned in the Protocol also will lower costs. WEFA has
carcfully assessed the ability of technology to reduce costs over the time period in
question. Without very powerful price incentives, such rapid technology improvement
is extremely unlikely. Hence, technology implementation does not invalidate the
estimates determined through this analysis. As for permit-trading and other
GLOBAL WARMING: THE HIGH COST OF THE KYOTO PROTOCOL
NATIONAL AND STATE IMPACTS ~ EXECUTIVE SUMMARY
WEFA, INC., 1998. PAGE 2
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The high cost estimates
reported would only be
justified if catastrophic
climate change were
imminent.

As global warming may be
gradual and largely due to
natural causes, measures
that more closely link
economic cost to the still-
potential threat of very
long<tenm global warming
may be more appropriate.

Consumers would see
price lacreases in excess
of 55% for electricity and
70% for home heating oil
by 2010,

Commetcial
establishments, including
hospitals and schools, as
well as industrial facilities,
would see electricity price
increases of 60% by 2010.

Truckers and railroads
would see their fuel costs
rise by nearly 70 cents per
gallon by 2010.

international market mechanisms, the Kyoto Protocol leaves all such instruments
undefined, to be worked out in the future among the parties. Further, according to the
Protocol, they are to be supplemental to indigenous efforts, not primary mechanisms to
reach country targets. And finally, there is great hostility on the part of many countries
1o their use. For these reasons, WEFA does not ascribe significant savings to them.

The high cost estimates reported would only be justified if catastrophic climate change
were imminent. As global warming may be gradual and largely due to natyral causes,
mcasures that more closely link economic cost to the still-potential threat of very long-
term global warming may be more appropriate. Such measures include encouraging
voluntary actions, supporting academic rescarch and educational programs on climate,
and investing in the development and deployment new encrgy technologies.

Key results of this study of meeting the Kyoto target through intra-country
tradable permits are:

Energy prices wou!d double

The estimated costs of acb_wmg the Kyoto target are high at both the national and
state level because, without carbon limits, the economy, population and energy use are
expected to grow steadily. Reducing energy use to 1990 levels within 10 years or more
requires sending very powerful price signals through the economy. WEFA’s analysis
has determined that a $265 per metric ton of carbon (15928) wouwld be required. When
added to emergy prices, consumers would scc an increase of 65 cents per gallon of
gasoline and nearly a doubling of natural gas and electricity prices for businesses.

Energy Price Impact
of Limiting Carbon Emissions to 93% of 1990 Levels by 2008-2012
(FPercent Difference from Baseline)
: 2010 2015 2020
Carbon Pormit Fee ($96/matric ton) $265 $310 $360
Consumer Impacts .
Home Heating Oil 732 83.7 95.4
Natural Gas 65.7 78.3 94.3
Electricity §5.7 65.7 72.9
Motor Gasoline - 475 53.6 €60.2
Difference, Cents Per Gallon (963) 59,1 68.1 78.2
Business Impacts
Commerclal Establishments
Distillate Fuel Oil 98.3 112.0 1273
Natural Gas ' 76.3 89.9 107.5
Electricity 60.2 71.3 79.4
Industrial Facilities
Residual Fuel Qil 184.5 210.9 240.1
Natura! Gas 1186 135.5 156.4
Electricity : 87.7 983 108.1
Trucking and Rail
Diesel ' 56.2 64.4 736
Difference, Cents Per Callon (963) 68.3 78.8 907
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The results paint a picture
of a less prosperous 21st
century America. '

Some workers would lose
their jobs through a
weaker economic
environment.,

All workers would face a
slowing in their real wage
growth as more workers
compete for fewer jobs.

Economic consequences would be severe:
The U.S. would lose $300 billion in real GDP

These powerful price signals result in premature retirement of capital stock, less
capital for business investracnts, and less disposable houschold income as prices climb
for electricity, gasoline, heating oil and air conditioning. As a result, the growth in
GDP would be substantially slower, there would be a sharp rise in unemplayment,
salaries and wages would be lower, and prices for basic necessities such as food,
medical care and housing would be significantly higher.

Percent Difference from Baseline GOP

CRedece to 7% Beow 1990 Emnsians Laval
wRedice lo 1990 Emlssions Laval

-3.5%

Job losses would exceed 2.4 million; wages would be
fower ' -

Implementing the Kyoto .Protocol would have a devastating impact on workers. Some
workers lose their jobs through a weaker economic environment while other workers
lose relatively high paying manufacturing jobs and find only lower wage service jobs.
All workers face a slowing in their real wage growth as more workers compete for
fewer jobs. Heace, though the government compensates workers — through a refund
of the fees collected to consume carbon-based energy resources — for their increased
energy cxpeaditures, total real disposable income falls due to reduced employment.

Families would suffer as the loss in aggregate income
per household exceeds $2700

On a per household 'basi:s, the cost of signing the Kyoto Protocol results in an average
real GDP loss in 2010 of 52,728 per household.

Real GDP Loss per Household
2010 $2,728
2015  $2,083
2020 $1,876

8TR/218°'}d 8G9 SE6L 2Bc

GLOBAL WARMING: THE HIGH COST OF THE KYOTO PROTOCOL
NATIONAL AND STATE IMPACTS = EXECUTIVE SUMMARY
WEFA, INC., 1996. PAGE 4
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Low and moderate income
families would be hardest
hit.

Low and moderate income
families would be
squeezed: higher costs,
lower wages, fewer jobs,

Commedities such as
food, medical care, and
housing would be nearly
10% more expensive by
2020.

The most severely
impacted industries would
be energy producing
industries, industries that
produce energy-intensive
preducts, and industries
that depend on export
sales or face strong import
competition.

As the imposition of
carbon limits is not borne
equally by all countries,
U.S. exports would be
relatively more expensive
on worid markets.

Low and moderate income families would be hurt

Low and moderate income families would be the ultimate losers under a carbon limjts
regime. Energy usc is pervasive: all commercial activities require the use of energy,
and energy is a neccssity for houscholds. Low and moderate income families spend a
significant share of their income on basic necessities including energy. Raising energy
prices would present an enormous hardship to these families. In combination with a
weaker economy where workers are competing for less-well-paying jobs, families are
projected to see a large risé in costs and a reduction in income.

The cost of all necessities would rise substantially

Throughout the forecast perod, food, medical care, and housing continue to become
more expensive under the carbon stabilization case. By 2020, food is nearly 9% more
expensive, medical care is roughly 11% higher, and housing is nearly 21% higher than
the base case.

Inflation in the Prices of Food, Medical Care, and Housing:
Percent Difference 7% Carbon Limitation Case and Base Case

25%
20% 1 02010

w2020
1% 4+
10% +
g% 4
0%

Mousing

Every state would suffer output and job losses

The most severely affected industries would be energy producing industries, industries
that produce energy-intensive products, and industries that depend on export sales or
face strong import competitton. Because the imposition of the carbon target and permit
system is not bome equally by all countries (the developed economies of the OECD
face comparable energy price increases, but the developing countries do not) U.S.
exports are relatively more expensive on the world market. As a conscquence, real
exports are lowered dramatically, while imports are increased substantially, affecting:

a the chemicals and paper industries, which are both energy-intensive and already
subject to stiff price competition from new producers in developing countries,

= the textile and apparel ?ﬂf‘uetnes which have difficulty competing on price due to
higher U.S. [abor rates, a2nd

u the computer and elect=nic products industries, particulady from imports. (It is
worth noting that the trace defict in this area would escalate dramatically under
the carbon emission limiation case.)
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As a result, all states would suffer output and job losses that would pf:rsist as long as
developing nations exempt themselves from the similar constrainis on carbon

emissions.

~ Real Gross State Product:
Percen Difference from Baseline in 2010
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Measures not included in
WEFA's analysis are
intemational emission
trading, sinks, the
inclusion of an additional
three gases, and
mechanisms for promoting
technology transfer.

WEFA believes that a
better climate strategy
would be to match policy

" actions to an evolving
understanding of climate
Science,

The developing economies
of the world will not
meaningfully participate in
a greenhouse gas
emission reduction or
limitation program until
technological altematives
exist that provide an equal
or better opportunity for
economic growth than is
offered by fossil fuels.

The principal contributors
to GHG emission growth .
are the emerging
economies.

Reducing carbon
emissions from
participating industrialized
countries by 5% would not
substantially impact global
emissions.

Trading, Sinks And Other Mechanisms

While the Kyoto Protoco! includes provisions that have been touted by its proponents
as a means for alleviating the cost of complying with the Protocol’s goals, these
measures have not been tested and have been heavily discounted in WEFA's analysis.
These provisions are currently only conceptual or have very uncertain implications for
meeting the target. Measures not included in WEFA’s analysis are international
emission trading, sinks, the inclusion of an additional three gases, and mechanisms for
promoting technology transfer (Joint Lmplementation and the Clean Development
Fund). '

However, these “market based” mechanisms are undefined in the Protocol and hence
have to be negotiated by a large number of UN nations, many of whom have expressed
open hostility toward such ideas. Further, the Protocol itself indicates these may only
be supplemental to a country’s internal programs. And finally, most are limited in

- scope—~emissions trading, for example, won'’t involve the developing nations--, have no

history in international relations, will be costly and difficult to administer, and may
cornflict with existing GATT or other agreements. For these reasons, it is premature at
best to assume casts can be significantly reduced by these measures.

The Kyoto Protocol Is Not the Only Option

As the present study and the work of others make clear, the Kyoto Protocol forees
policymakers to decide whether they are willing to risk the economic well being of
their nation. From both economic and risk-assessment viewpoints, WEFA believes that
there is a better climate strategy; namely to match policy actions to an evolving
understanding of climate science; to increase investmeats in technology (should it
prove necessary to substantially reduce fossil fuel use); and to gradually retire existing
capital stock,

Further support for investing in a technologically based solution is evident Som the
chart below, It is the developing countries that are the principal contributors to annual
global emission increases; Driven by their expanding economies and their rising
populations, the less developed economies of the world will emit more emissions than
the industrialized economies by 2015. The reduction in carbon emissions that would

_ result from the developed economies fully meeting their targets under the Kyoto

Protocol would not significantly affect the annual global emissions. The developing
econoumies of the world will not meaningfully participate in a greenhouse gas emission
reduction or limitation program wntif there are technological alternatives that provide
equal or better opportunities for economic growth than is offered by fossil fucls today.
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Measures not included in
WEFA's analysis are
international emission
trading, sinks, the
inclusion of an additional
three gases, and
mechanisms for promoting
technology transfer.

WEFA believes that a
better climate strateqgy
would be to match policy
actions to an evolving
understanding of climate
sciencs.

The developing economies
of the world will not
meaningfully participate in
a greenhouse gas
emission reduction or
limitation program until
technological altematives
exist that provide an equal
or better opportunity for
economic growth than is
offared by fossil fuels.

The principal contributors
to GHG emission growth
are the emerging
economies.

Reducing carbon
emissions from
participating industrialized
countries by 5% would not
substantially impact global
emissions.
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Trading, Sinks And Other Mechanisms

While the Kyoto Protocol includes provisions that have been touted by its proponents as
a means for allevianing the cost of complying with the Protocol’s geals, these measures
have not been tested and have been heawily discounted in WEFA’s analysis. These
provisions are currently only conceptual or have very uncertain implications for meeting
the target Measures not included in WEFA’s analysis are international emission
trading, sinks, the inclusion of an additional three gases, and mechanisms for promoting
technology transfer (Joint Implementation and the Clean Development Fund).

However, these “market based” mechanisms are undefined in the Protocol and hence
have to be negotiated by a large aumber of UN nations, many of whom have expressed
open hostility toward such idexs. Further, the Protocol itself indicates these may only be
supplemental o a country’s mf=rnal programs. And finally, most are limited in scope—
emissions trading, for example, won’t involve the developing nations—, have no history
1n international relations, will be costly and difficult 1o administer, and may conflict with
existing GATT or other agreements. For these reasons, it is premature at best to assume
costs can be significantly reduced by these measures.

The Kyoto Protocei Is Not the Only Option

As the present study and the work of others make clear, the Kyoto Protocol forces
policymakers to decide whether they are willing to risk the economic well being of thetr
nation. From both economic and risk-assessment viewpoints, WEFA believes that there
is a better climate strategy; namely to match policy actions to an evolving understanding
of climate science; to increase investments in technology (should it prove necessary o
substantially reduce fossil fiue} use); and to gradually retire existing capital stock.

Further support for investing in a technologically based solution is evident from the chart
below. It is the developing countries that are the principal contributors to annual global
emission increases. Driven by their expanding economies and their rising populations,
the less developed economies of the world will emit more emissions than the
industrialized economies by 201S. The reduction in carbon emissions that would result
from the developed economies fully meeting their targets under the Kyoto Protocol
would not significantly affect the annual global emissions. The developing economies of
the world will not meaningfully participate in a greenhouse gas emission reduction or
limitation program unfi! there are technological alternatives that provide equal or better
opportunities for economic growth than is offered by fossil fuels today.
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TALKING POINTS ON EIA STUDY OF THE KYOTO PROTOCOL
draft 8/30/98

ETA is the premier statistical agency for energy matters. Their ability to collect and
present data is second to none. However, a study of the cconomic effects of the Kyoto
Protocol requires analytical skills that are not a main focus of E1A’s activities. Therefore,
it is not surprising that the analysis has some severe shortcomings.

The Administration’s economic analysis of the Kyoto Protocol incorporated directly all
the key features of the Protocol «-the inclusion of 6 diffcrent  greenhouse gases, the
ability to average emissions over the 2008-2012 period to meet the target, the existence of
flexibility machanisms such as international emissions trading and the Clean ,
Development Mechanism that will help reduce costs, and the fact that countries around
the world will be looking for the most cost-effective ways to reduce greenhousc gas

emissions. None of these features are incorporated into the Congressionally sponsored
(Sensebrenner?) EIA analysis.

The Administration’s analysis of the Kyoto Protocol estimates that the United States will
be able to meet its emissions reduction commitment under the Protocol using the
interhational emissions trading system included in the Protocol at a permit price of $14-
23 dollars par ton of carbon equivalent. Under this analysis, this permit price is the
global cost of emissions permits -- all countries can buy permits at $14-23 per ton, and
there are enough available permits for al] countries to meet their Protocol commitments.
(Other metrics could be used here -- gasoline prices, change ip GDP, etc. I used permit
prices as a shorthand metric.)

its Protoco) obligations completely ajone, without the benefits of a worldwide emissions
trading system. Effectively, what the E1A analysis does is compute the cost curve for
emissions ebaternent in the United States alone, and ignores low-cost emissions W""
abatement opportunitics available in other countrics. The Administration is aware that

the United States may have a relatively high cost of reducing emissions domestically,

which is why the Administration insisted that flexibility mechanisms such as.

international emnissions trading were included in the Protocol.

v -

The Congrcssionally—sponsorcd EJA analysis is bascd on a short-term MAacroeconomic
forecasting model (the DRT) model, that is inappropriate for making forecasts going out a
decade or more. A more sensible approach (and one that the Administration used) is to
base cstimates on a general equilibrium-type model, which incorporates the dynamism
and flexibility that is the hallmark of the American economy, especially when viewed
over periods of a decade or more. (For example, the American economy has adopted the
[nternet in the past decade, leading to industries and scrvices that could not be dreamed of
a decade ago. The class of models used by EJA does not adequately capture the inherent
flexibility in the U.S. economy.)

“ @UO‘O 2

N
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" Under the Congressionally-sponsored EIA analysis, the United States is assumned to meet A
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Compliance with the Kyoto Protocol

Macroeconomics of emissions trading joint implementation,

and the clean development mechanism

Johannes Bollen, Arjen Gielen, and Hans Timmer!

Abstract

We analyse the economic impacts of regional CO,- emission constraints under the
assumption that on the medium term the Annex-1 region (OECD regions and Economies in
Transition) will make abatement efforts to comply with the Kyoto Protocol. The paper
focuses on the role of flexible instruments. Next to the polar cases with no or full Annex-T
emission trade, we first analyse emission trade within two separated markets in Annex-1
(the first block contains Europe, including Central European countries, and all other
'Annex-1 countries as the second block). The second case concemns a restriction on the
reductions to be achieved abroad. Third, we analyse the case in which Annex-1 countries
may jointly implement investments non Annex-1 countries. The applied general equilibrium
model WorldScan is used to analyse macro-economic impacts for several different regimes
and cases.

Keywords: International Agreements, CO,- emissions, Climate change, tradeable permits, joint
implementation, clean development mechanism, cost-effectiveness '

!Johannes Bollen is researcher at the Dutch National Institute for Public Health and the Environment (RIVM). Arjen
Gielen and Hans Timmer are economists at the Netherlands Bureau for Economic Policy Analysis (CPB). Thanks to Paul Tang
at CPB, and Bert Metz and Marcel Berk at RIVM, Ruud Lubbers and Michiel de Nooij at Tilburg University, and participants
of the workshops in Stanford and Venice, June 1998, for useful comments.The usual disclaimer does not hold: the first two
authors blame only the third for any mistakes and errors. Comments are welcomed.
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1 Introduction

The Kyoto Protocol was adopted during the third Conference of Parties to the Framework Convention
on Climate Change (FCCC) in December 1997. The Protocol defines commitments for developed country
(Annex-1) parties to reduce their overall greenhouse gas emissions by an average of at least 5.2 % below
their 1990 levels in the five years after 2008 (the first budget period). The average reduction
commitments differ among the Annex-1 parties. The EU committed to 8%, the USA to 7% and Japan
to 6%, while Australia, New Zealand, Norway and Iceland committed to levels above 1990 emissions.
Of the Central European Countries listed in Annex-1, most share the EU reduction target, except for
Poland (6%), Hungary (6%) and Croatia (5%). Russia and the Ukraine have only committed to a
stabilisation at 1990 levels. The parties to the FCCC have introduced three new instruments under the
Protocol, allowing parties (or firms) with emission limits to achieve emission reductions outside their
national borders. There are three mechanisms for transferring the emissions under the protocol:

- Joint Implementation (concerning project-level ‘credits’, as defined in Article 6, transferrable
among Annex | parties - credits can be earned only in the first budget period and be used during
that same period of five years), : ' :

- Clean Development Mechanism (concemning ‘certified reductions’, defined in Article 12,
transferrable from non Annex 1 parties to Annex 1 parties - certified reductions can be earned
in projects from 2000 onwards, and be used to enlarge the quotas in the first ‘budget period’,
running from 2008 till 2012), and '

- Emission Trading (defined as ‘permits’, in Article 17, transferréble among' Annex 1 parties -
' permits are the quotas that are applicable in the budget period - that is, they are equal to the
quotas agreed in Kyoto, corrected for CDM certified reductions).

The main reasons for introducing these instruments have been to reduce the costs of emission reductions,
as these are generally lower outside OECD countries. The CDM was also introduced. to enhance the
effectiveness of emission control by promoting early emission control in non-Annex-1 countries?. The
impacts of using these instruments are not yet clear. For one, the impacts depends crucially on the
~ effective workings of the ‘market’ for permits, reductions, and credits. Also, the principles and rules for
using the instruments have not yet been clearly defined and will be the subject of further negotiations
during the fourth meeting of the Conference of Parties in Buenos Aires, Argentina, in November 1998.

Regarding intra-Annex-1 flexibility, there are some explicit voluntary limitations to the use of the
instruments. The Protocol states that the contribution of ET and JIshould be “supplemental” to national
measures. During the Kyoto negotiations the EU argued for setting a limit on the contribution of ET to
meeting the commitments under the protocol. Another type of limitation is reflected by the possible
emergence of ‘clubs’ or ‘coalitions’ within the Annex 1 group, or when markets are separated for other
reasons. As for flexibility across the Annex-1 borders to non Annex-1 countries, the impacts are not clear.
As for the Annex-1 internal flexibility, ET and JI are closely related, and we will take them as parts of
the same system. Potentially, the CDM could make a major contribution as there are, generally
perceivable, many cheap options for emission reductions in developing (non Annex-1) countries as part
of sustainable development projects. Moreover, the Protocol allows for gaining greenhouse gas emission
reduction credits from such projects from 2000 onwards, while ET and JI between Annex-1 parties are
confined to the first budget period (i.e. from 2008 to 2012). However, dealing with countries that do not
~have emission reduction targets will make the certification of the reductions a central issue.

2At http://www.unfcce.de/fecc/docs/cop.htm the protocol text is published.
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In this paper, we will shed light on three issues on the agenda in Buenos Aires:
- [1] limitations to ET to deal with additionality,

- [2] possible impacts of separated markets, and

- [2] the effects of the CDM.

We make use of WorldScan to analyse the quantitative effects of the different cases, taking an Annex 1
perspective and focussing on regional differences within this group.

- The rest of this paper is organised as follows. Section 2 analyses the three issues. Section 3 pfovides
information on how to we used WorldScan to analyse these. Section 4 presents the results of the model
simulations. Section 5 draws the main conclusions of the outcomes.

2 Analysis of limiting ET, separated markets, and CDM

Generally, geographical flexibility is analysed under the assumption that uniform marginal abatement
costs across countries imply the least-cost - or ‘efficient’ - solution to distributing emission reductions
(see IPCC, 1996, for an overview on flexible instruments). The allocation of emission reductions can be
agreed upon based on other considerations than efficiency. In theory, the efficiency and equity can be
separated. Thus, the efficient allocation can be combined with an equitable distribution of the burden.
For such an equitable burden sharing, international side payments are necessary.

"Two emission trading clubs

As opposed to a fully competitive ET system among all parties - where a unique price goes for all
emissions® - a non-competitive system and/or a system in which not all parties join may have many
prices. For our purposes, we assume that there will be two clubs. This is a limit to competition: not all
permits may be traded by all Annex 1 countries. However, we assume a competitive market within both
clubs, so that there is no price discrimination within the clubs*. This leads to two carbon prices - one price
for each club. The existence of two prices implies an efficiency loss compared to trade among all parties.
There will be a club with high marginal costs - the high price club - and one with lower marginal costs -
a low-price club. The effects on the members of the clubs are determined by the terms of trade. In the
" high-price club, the net exporters of permits will have a gain compared to a full trade case because their
permit exports are now more valuable. They will, on the other hand, export less permits, so that the net
effect depends on the combination of these two effects. Conversely, the net importers in the high-price
club suffer a loss compared to full trade, because their imports become more expensive. Assuming that
there is no price discrimination within the club therefore implies that the net exporters may gain, while
the net importers may suffer a terms of trade loss. Also, the loss to the importers is that they will now
" have to abate more domestically and at higher cost. Given the same assumptions, the reverse story goes
for the low-price club. In that club, the net importers may gain, because the price for their imported

3See IPCC (1996) for a concise overview of the basic analysis of ET, and the relevenat literature.

*The competitive price need not be the outcome in a club: a club is a non-competitive outcome, so why should
distribution within the club be competitive? The competitive prices do deliver information on the negotiation space of
the clubs. The competitive price is the lowest price at which the net exporter in the club would be willing to trade in the
club. The no trade price of the net importer in the club is the maximum price at which this country would be willing to
trade. In case of more countries, the price would lie between the highest no-trade price of net exporters, and the lowest
no-trade price of the net importers. :
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permits is now lower. than in a full trade case, while net exporters in that club may lose. Clearly, as
compared to a no trade case, the clubs may prove to be a step forward. The step delivers gains, because
there is trade in both clubs. Given that bilateral deals may be easier to strike on a shorter term, clubs could
be a first step. However, it is unlikley to deliver gains on the long run, because there will be losers. Given
that the protocol is a volunatry agreement, this is likely to lead to problems with the compliance and
enforcement of the agreement.

" Limits to emission trading

The condition that ET should be supplemental to domestic action has led to discussions on limits to ET.
Assume we allow for a maximum of 50% of the reduction targets to be reached outside the national
borders. Assume for clarity that all OECD countries are rationed in their demand for emission permits
when a restriction percentage of 50% is agreed. The rest of the Annex 1 countries will then be net
exporters of permits. Given that OECD regions are rationed in their demand for permits, they will face
_a higher price domestically than the price in case of full trade. So, apart from the restriction that more
should be done domestically, this amount of emission reductions also has a higher unit cost. Also, the
domestic marginal costs will again differ across region. This points at an inefficient solution. In this way
in it a step back from the full ET case towards a no-trade case. The competitive import price of permits
“can lie below the domestic price of the importing regions. When supply is competitive, a unique price
will emerge which is determined by the region with the lowest marginal abatement costs. Therefore, the
part of demand for permits that can be imported can for many countries be traded at a lower price than
domestic marginal costs. The price for traded permits can become very low when supply is fully
competitive. Now assume that not all regions are rationed. When a region is not rationed by the restriction
on permit imports, its marginal costs will not lie above the full trade case. Indeed, when the 50% target
- lies above its full-trade demand, the domestic marginal costs may now be the same as in case of full trade.
At the same time, given that other regions are rationed, the demand for the traded permits must be lower
than in the full trade case. Thus, with competitive permit supply, the price for traded permits will be lower
as well. This also benefits the region that is not rationed - its imports become cheaper and it will import
more. Therefore, although the quotas have been agreed in Kyoto, the burden sharing is still highly
dependent upon the rules and guidelines for ET as well as on the possible emergence of clubs. The
principle of additionality could lead to different percentages for different regions. This could be used to
force rationing on all countries involved and in so doing reduce the bias in favour of the non-rationed
_regions, and perhaps to aim at equalising the marginal abatement costs for domestic actions®.

1In case of both types of restrictions, the impacts on international trade are importént aspects of the debate. -

When restrictions imply marginal abatement costs diverging across regions, the pressure from industry
on the negotiations will become more severe: because the competitive position of industry in the rationed
region will be negatively affected compared to the non-rationed region. This relates to one of the major
benefits of ET. The equality of marginal abatement costs across regions will lead to an efficient emission
reduction. Also, given that some regions have already implemented carbon taxes, equalising the marginal
abatement costs allows for some of these distorting prices to be removed. The ET approach leads to a
more levelled playing field for international trade and environment issues.

3 Another restriction could be on the exports of permits in ET systems. These restrictions are suggested in order to deal
with the “hot air’ problem. Hor air refers to emission permits which a country can obtain without implementing any abatement -
" simply because its baseline lies below the targets as set in Kyoto. Such hot air problems are a special case of ‘giving too much
permits’. Restricting exports leads to higher prices for the potential importers thus leading to a welfare loss. At the same time,
given that the targets are guaranteed - which we assume throughout this paper - hot air does not pose any problems, because
quotas are already defined.
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The Clean Development Mechanism -

- In case of CDM projects, the host country has no targets, and the investor can add all certified reductions
to its targets in the first budget period. To a large extent, CDM investments are based on the same
incentives as ET. They will only be profitable when they concern projects of which the abatement costs
are substantially lower than those in another location - e.g. the investor country itself. Also, for this
reason, the economic rationale as well as impacts on marginal abatement costs and allocation of emission
reductions can be compared using the same macroeconomic model. CDM differs in a fundamental respect
from ET: in the former case there are no quotas for the host country. For this reason, CDM may have
some undesirable aspects, which do not emerge with ET among countries that do have quotas. First - as
with JI projects - a technology may be subsidized that would be applied even without subsidy, because
it is difficult to assess a business as usual world without subsidies. In this case the subsidy will be a mere
income transfer, instead of a tool to reduce emissions. With JI, there will be a feedback on the national
level, because the host country will have to reach its quota. With CDM, this causes a second problem.
Due to the subsidy, unit production costs of energy intensive production could decrease, so that host
country output of energy-intensive industries can be expanded at the cost of investor country market
share. This could imply at least some loss of market share by investor country industries, which will
reduce the profitability from the investor’s point of view (the effect is akin to the industry relocation
effect, but in this case it is even stimulated by the investor countries). It can also imply that lower energy
intensity the host country goes hand in hand with higher total energy use. This is a perverse type of
carbon leakage: effectively the investment has not led to emission reduction, but it has yielded emission
credits. The perverse effect can be that global emissions grow due to such projects. To avoid, or at least
limit, the carbon leakage effects of CDM projects, the projects should probably be focussed mostly on
the replacement of existing capacity by cleaner production technologies that can produce the same
amount of products®. E.g. the replacement of a power station using coal by a power station which
produces the same amount of electricity, but uses oil or other cleaner energy sources. Such a replacement
does not change total capacity in the receiving country and it does not change the costs of new capacity.
Therefore, the probability of serious leakage is low. Also the business as usual scenario is rather
straightforward, at least as long as the existing capacity was not about to be scrapped because of
economic or technical reasons. '

We therefore analyse CDM projects only on existing capital. Such investments are assumed not
to affect the overall production capacity, but to alter the input of factors of production’. For theinvestor,
the incentives for such CDM investments are derived from the marginal abatement costs in alternative
locations, and its marginal investment costs. As long as the marginal cost of CDM investment is lower
than the marginal cost in alternative locations, it will be profitable for the investor to continue expanding
its CDM activities in the host country. The investor earns credits which it can add to its current quotas®.
The incentives for the host country are determined by the revenues of the project. Will the project be paid

6 In such cases, the business-as-usual scenario is rather certain and the tendencies for leakage are only limited, because
expansion of output is impossible. When there are pure - i.e. costless - technology spill-overs due to such investments, there is
still some danger of leakage, but pure spill-overs are difficult to imagine in these cases. '

"Note that with ET also the existing capital will be adjusted. But, because there are national quotas, ET can also safely
be used to address emission reductions on new investment: there will be a macroeconomic feedback which ensures that the
national quota will be reached. The main difference with CDM/J1 is that the later is defined solely on existing capacity. See the
technical appendix for a description of the model of JI/CDM in WorldScan.

8We assume for simplicity, that investors have a one-year horizon for such investments. As with all recursive dynamic
models with an explicit distinction between existing and new capacity, the emission reductions during a certain period will have
effects after the end of the relevant period. Thus, when we analyse ET in Kyoto's first budget period we should be aware of the
effects that such ET has on the capital stock. Even after the end of the budget period, emissions will be lower than in the baseline
because the capital stock has become less energy-intensive. By making the same assumption for CDM/JI projects, the policy
cases are comparable.
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in full by the investor, there will be no costs for the host. There are, however, secondary effects, which
provide incentives for the host. Most importantly, the adjustments have made the existing capital stock
less energy-intensive, so that production costs are decreased. Although carbon leakage is reduced by
focusing on existing capital, it cannot be excluded. For example, the replacement could increase future
capacity if the life expectancy of the new factor is longer than of the old one. Also, when Part of the
Annex 1 target may be reached outside the Annex 1 area, this implies that non-Annex 1 energy demand
is reduced, while Annex'1 energy demand is increased. The energy demand reduction in non-Annex 1
_ countries affects the regional energy markets. If energy markets are not entirely globalised (due to
transportation costs, €.g. for coal) the lower domestic energy demand leads to lower domestic energy
prices. These will lead to leakage (from existing to new capital) witin the non-Annex 1 region. Although
energy-saving investments are focused on the old capital stock, the lower energy price affects the new
capital stock. Therefore, expansions of the capital stock will become more energy intensive than without
CDM projects. ' '
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3 Model, baseline, and policy assumptions

In this section, we discuss some features of the world economic model WorldScan and the assumptions
on the baseline and the policy cases.

Figure I World regions and Annex I regions in WorldScan

¥

1: United States, 2: Japan, 3: Western Europe, 4: Rest OECD, 5: Central Europe, 6: FSU, 7: Middle-East and.Northem Africa,
8: Rest of Africa, 9: Latin America, 10: China, 11: Dynamic Asian Economies, 12: Rest Asia. The Kyoto agreement contains
emission reduction targets for the regions | to 6 (the “Annex | countries”; in white) .

3.1  Model specification

WorldScan is a numerical scenario and policy simulation model. It is based on general equilibrium
theory. This implies that economic sectors - and the agents in those sectors - interact in the macro
economy. The macroeconomic feedbacks through prices affect production, employment, and value added
in all sectors of the economy. In WorldScan, these macroeconomic feedbacks also cover international
trade in commodities, financial capital, and emission permits. It has a recursively dynamic structure in
which investment in physical capital stock is made every y=ar with a one-year planning horizon. Trade
is modelled assuming that sectoral commodities are differentiated according to the region of origin. This
implies that there is international bilateral trade in the commodities of each sector. Furthermore, the
model distinguishes between newly installed capital - to be used in the next and following periods - and
the existing capital stock. The latter can be changed to a limited extent in order to reduce input costs -
modelled as retrofit investments - while the former is more easily malleable. We refer to Geurts, Gielen,
Nahuis, Tang and Timmer (1997) for an extended discussion of WorldScan. The appendix provides more
detailed information on the model. There are six different Annex 1 regions and six non Annex 1 regions.
These do not perfectly match the Annex groups, but make a fair approximation. Figure 1 shows the world
map with the WorldScan regions.

3.2 Baseline projections

As reduction targets were set with 1990 as a reference year, the regional impacts in 2010 depend on
growth in a no-policy or ‘baseline’ projection, shown in figure 2. The Annex 1 target of a 5% cut
compared to 1990 levels amounts to a 22% cut compared to emissions in 2010. All OECD regions have
to reduce their emissions by more than this average.
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Figure 2 Baseline emissions in 1992 and 2010 in GtC per annum
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Clearly, there is a strong difference between the two reference years. On the one hand, most reductions -

appear to become more severe for the OECD regions, due to strong economic and emissions growth in
the baseline. On the other hand, the rather low growth in emissions in EE and FSU implies that reduction
targets are not very severe. For FSU, the zero growth target could even imply some - very modest -
growth compared to the baseline. The policy instruments to achieve these targets are presented in table
1.

Table 1 Policy cases

Case Abbreviation  Description ,

No trade UNI Kyoto targets, to be reached within Annex 1 by each model region separately. .

Full trade FTR Kyoto targets, to be reached within Annex 1 with one emissions price and
transfers based on Kyoto quotas.

Clubs "CLUB  Kyoto targets, to be reached within Annex | with two trading clubs (EU/CE and
the rest of Annex 1), with transfers within clubs but not between clubs. -

Restricted trade RTR90  Kyoto targets, to be reached within Annex 1 with trade up to 10% of the quota in

. all Annex I regions, and transfers based on this 10% (at maximum}.
Restricted trade RTR85 - Kyoto targets, to be reached within Annex 1 with trace up to 15% of the quota in

all Annex | regions, and transfers based on this 15% (at maximum).
Clean Development Mechanism CDM90 90% of the Kyoto targets to be reached within Annex [, without trade among
' Annex | and with investment subsidies from Annex | to non Annex 1 equal to
investment needed to reduce emissions. '
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4 Siiaulation results

This section presents main results of the five cases simulated with WorldScan. We discuss the impact on

- realised emissions and the real marginal cost of carbon abatement’. Figures 3 and 4 present emissions in
Gigaton Carbon per annum (GtC) in 2010 compared to the level in the baseline for all cases. Figure 5

‘presents the marginal abatement cost in real dollars of 1992 per ton of Carbon ($/tC) in 2010. The
comparison of UNI with FTR shows that an efficient distribution of emission reduction differs strongly
from the agreed targets given our baseline assumptions. OECD reductions - especially those in the
ROECD region - should be less from an efficiency point of view. Clearly, with emission trading in FTR,
this can be achieved, where burden sharing is restored through the side payments concerned with permit
trade. See Gielen and Koopmans (1998) for a discussion of the economic impacts of these two cases.

Figure 3 Emission reduction compared to baseline in 2010, UNI and FTR
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Now turn to the other three cases - restrictions to imports of 10% of the quotas (RTR90), two trading
clubs (CLUB), and allowing limited use of the Clean Development Mechanism up to 10% of the Annex-1
quotas (CDM90). Figure 4 shows the emission reductions in these cases. Figure 5 shows the real carbon
prices in 2010 in 1992 dollars. '

4.1 Permit trade clubs - ‘CLUB’

Looking at figure 4, the EU and EE appear to be in a high-price club. In that club, the net importer - i.a.c
the EU - suffers a loss compared to the FTR case, because the permit price is higher, thus increasing the
domestic marginal abatement costs. At the same time, the EE countries gain from the higher carbon price, '
and because demand is higher - as can be seen from figure 5, they will now reduce more. Thus, they
"obtain net gains. Clearly, the other club - the low-price club - also has winners and losers compared to
a FTR case. The net importers gain because the price at which they can import permits is lower than in
FTR, also implying a lower domestic marginal cost and thus lower total costs.

Figure 4 Carbon prices in all cases, in real 3/tC in 2010

We do not include results on macroeconomic and sectoral changes, but instead focus on distribution of emissions and
the level of carbon prices in order to focus on the big picture. In a follow-up to this paper, we also focus on the macroeocnomic
and sectoral impacts.
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4.2 Limited permit trade - ‘RTR90 / RTR85' '

The demand for traded emission permits has decreased in the RTR cases, so that the price for traded
permits has decreased, as is shown in figure 4. Figure 5 shows that all 4 OECD regions reduce more
domestically than in the FTR case - this is the target of the policy, and at a 10% restriction it also works
this way. Figure 6 shows the percentage of emission quota that is imported from abroad. Clearly, in he
RTRY0 case, this is at most 10% for all Annex-1 regions.

- Figure 6 Permit imports as share of quota in 2010
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The cut-off points at which import demand is rationed are equal to the import shares in the FTR case.

Clearly, ROECD wants to import most and will be hurt most by a binding restriction, even whenitisas

high as 40%. For the EU and Japan, these shares are around 20%, while the USA’s cut-off point lies at -

12%. Thus, when the restriction percentage is between 12 and around 20%, the USA will not suffer any

loss from the restriction, while the other OECD regions will he rationed. This holds for the RTR8S case.

The decrease in the carbon price due to lower demand will imply a gain for the USA: they can import
" more permits, and at a lower price, so that domestic marginal (and thus total) costs will decrease.

11
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4.3  Limited Clean Development Mechanism - ‘CDM90'

We analyse the CDM assuming that there is no ET within the Annex 1. Looking at figure 5, we see that
the CDM projects offer opportunities to eam certified reductions that increase the domestic emission
allowances. Because the marginal abatement costs are lower outside the Annex-1, this implies thateven
EE and FSU now import permits. Carbon prices in the UNI case are higher than in the CDM case. This
is due to the realisation of targets through CDM investments outside the Annex-1. The prices decline for
all regions, because of the less stringent domestic targets.

Figure 7  Emission reductions in 2010 compared to baseline - selected regions
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The most important result coming out of this last figure is that global emission reduction s less when CDM
is implemented without additional requirements on non Annex-1 countries. We see that global emission
reduction without CDM is somewhat higher than that wih CDM - compare the UNI with the CDM case.
The perverse leakage is therefore only limited, but it is present at the global level.

5 Conclusions

Given the projections for emissions in the baseline, the Kyoto targets do not reflect an efficient distribution
of emission reductions. Marginal abatement costs differ strongly across regions affecting the competitive
position of the regions, and leading to high abatement costs. Emission trade based on the Kyoto targets
can reduce the costs for the Annex 1 group as a whole, and can also make all separate regions better off.
In a fully competitive market, regions with either relatively high or relatively low cost of abatement will
gain the most.

The requirement that 10% of the agreed emission quota may be imported from abroad is restrictive for
all OECD regions compared to the full trade case, but in the 15% case the USA is not restricted in
contrast to the EU. Limiting trade will lead to diverging marginal costs across regions and the total Annex-
1 abatement costs will be higher than in a fully competitive trade case. Also, an increasing percentage
of allowable emission permit imports will have asymmetric impacts on the different Annex-1 regions. As
soon as the restriction is not binding for one of the Annex-1 regions, this region can be gaining compared

12
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to a full emission trade case. When compared to full emission trade, two separate clubs of emission
trading will be costly to the Annex 1 as a whole: again, the marginal abatement costs will diverge.
Compared with a case without emission trade, however, clubs could provide a profitable step in the right
direction. From a macroeconomic pomt of view, the most important difference between Annex 1 flexibility
through Joint Implementation and emission trading on the one hand, and global flexibility through the CDM
on the other, is the absence of national targets in the case of CDM'". This absence leads to a danger of
CDM leading to carbon leakage. This leakage can be enlarged when technological spill-overs take place
via CDM projects. This is closely related to so-called rebound effects of energy-saving. CDM-related
carbon leakage can be minimised by focussing the CDM primarily on replacement investments, and on
sectors which are sheltered from international competition. The non-OECD regions in the Annex 1 stand
to lose from CDM without emission trade, as compared to Annex 1 ET. This is because they become net
importers of permits. This is worse than being a net exporter of permits to the Annex 1 in case of
competitive Annex 1 emission trading. The majority of CDM projects will take place in China. A very
limited amount of carbon leakage takes place when CDM is implemented.

The model used has limitations which limit the scope of the conclusions. One of the major reasons to have JI and
the CDM is that international ET requires institutional development as well as political will. We explicitly view both JI and
CDM as precursors to emission trade. This should be the long run focus for the climate change policy approach. Another
limitation placed by the model is that is assumes flexible adjustments. On the medium term, this implies that the overall level
of macroeconomic costs will be higher than presented here. .

13
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Technical appendix: Emission Trading in WorldScan

‘The discussionon ET, JTand CDM in section 2 leads to two distinct approaches in the model. For ET.and
JI in the first budget period, we take the Kyoto targets for emission levels as the emission permits
allocated to each region. In the model, we take energy price increases as the policy instrument in these
cases. This will reduce energy demand and in so doing lead to lower CO,-emissions. In order for the
emission target to be achieved, we use of a standard procedure to calculate the corresponding shadow
price. This shadow price can be interpreted as tradeable emission permits or tradeable JI credits.
Especially at the inter-regional level in the model, this price will then be uniform across a set of regions.
Such a uniform price will lead to another distribution of the total emissions over regions than the targets.
Thus, when we project that Central Europe will reduce not 8% as compared to 1990 but 18%, it will
export 10% of 1990 levels as permits to other regions. The income obtained from this export of permits
is equal to the volume (in tC) multiplied with the uniform shadow price (in $/tC). The box below shows
the equations in the model to calculated the shadow price and the payments. '

Box I: Modelling ET in WorldScan

The WS model calculates the equilibrium carbon shadow price P* using an iterative process, in which the value of P* is
calculated from that in the previous step - P - increased by the difference between the targeted emission TAR and the '
resulting emission EM. As long as the emissions are not equal to their target level, P* will not be equal to P. The
equilibrium value of P*=P is obtained when EM=TAR. Thus,

' CTAX = CTAX + (EM -TAR) /TAR

with the following identities

EM = Y.(EM,) r= countries in the abatement coalition (from 1 to 12)
TAR = Y. (TAR) : r= countries in the abatement coalition (from 1 to 12)
EM, = T.(EMy) f= coal, oil/gas '
EM, = EQN*¥,(Qr) s= energy demand sectors
PD, = PS,+ TAX,+ CCT,
. CCT, = EQN, * CTAX

"TRA, = CTAX™* (EM,-TAR)
with .
CTAX = " the uniform carbon tax in USS /tC _
EM, = CO,- emissions in tC of region r in the abatemént coalition
TAR, .= CO,- permits in tC of region r in the abatement coalition
EM,;. = CO,-emissions due to fuel fin region rintC

EQN, = CO,- emission factor of combusting fuel fintC/ GJ
QD, = demand for for fuel f by sector s in GJ
PD, = - user price of oil/gas and coal (S / GJ)

PS, supply price of oil/gas and coal ($ / GJ)
TAX, = domestic taxes on oil/gas and coal (S / GI)

With ET, the net transfers via the current account are determined by the difference between targets-and' realised
emissions, and the carbon shadow price, as.in '
TRANSFER, = (TAR, - EM,) * CTAX
with . '
TRANSFER, =" the net transfers via the current account due to ET.

This value is negative for net importers and positive for net exporters. Note that in case of ET, the sum of the transfers
within the trading block is zero (it is pure reallocation of income and emissions).

14
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Technical appendix: CDM and JI in WorldScan

WorldScan contains two options to change production technologies of existing capacity. One option s to

scrap part of existing capacity and to replace it by capacity with new technology. The other option is what
we named retrofitting of existing capacity: By adding more capital one can reduce one of the other input,
keeping total capacity unchanged. WorldScan includes the retrofitting option, because it is a relevamnt

mechanism: it is normally more efficient than scrapping existing capacity and replacing itby completely

new capacity. It might be expected that such a CDM is efficient in the sense that it actually decreases
energy demand in the receiving country compared the a business-as-usual baseline. Efficiency in terms
oflocation of CDM projects will be achieved in the model by assuming equal marginal costs of emission
reductions.

Box 2: Implementation of JT in WS

Retrofitting investments change inpui intensities, but do not alter the size of output capacity. Substitution possibilities
of retrofitting investments are specified as a CES function with a substitution elasticity of 0.5. This leads to the
following isoquant. '

E=|l-—2kR_{p  R20 - -
aeKg+R | O

where E energy input after retrofitting - E, energy input before retrofitting
R retrofitting investments K, capital stock before retrofitting

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

In each region and each sector cost minimization, under

i’éstric_:tion of the isoquant, determines the optimal
"amount of retrofitting investments. In formulas:
min! C=p.E+p R-

where  p, = energy price,
Px = capital cost
P =(r+d)p;
with 3 = real interest rate
. 3 = rate of depreéiation
= = price of investment
goods

This results in R*, which minimizes the costs of
retrofitting investments

o 2
R* = max O’IZELPLE} —lta,K
) acpkK X

financing retrofitting investments. Optimal retrofitting

investments from this perspective are derived from

minimization of a different cost mnéﬁon:

min! C=p.qE+p, R

where - p. (shadow) price of carbon emission
q emission coefficient -

This results in R’,equal to the optimal CDM

investments ' .

vz o]
R'=max O’IZﬂPC_qE_] -1ta,K

acplzK

The actual retrofitting investments equal
R = max{R*, R}

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

A necessary condition for CDM-investments is that those investments would otherwise not be made. Actual CDM-

investments are therefore defined as additional investments.

R"=R-R* with R" =} Rf

‘

Transfers to the host country are the yearly capital costs to finance the CDM-investments

T= Z p ( P )f R’ where T transfers to compensate for CDM-investments

Emission rights that are earned because of CDM are computed as the additional emission reduction, compared to the

situation with only normal retrofitting investments.

Z= q[ E(R”') - E(R “')] with Z emission rights, eamed because of CDM

Transfers from the donor countriesequal the regional share of GDP times the total transfers to NA-1:
T =Y/ Za Y, Zq T, with a the subset of A-1 countries and q the NA-1 countries
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Box 3. The effects from limits on trade: a simple theoretical example

Let us assumne two small open economies, denoted by P(i)
country 1 and country 2.In both countries, the marginal Figure A /
costs P(i) is a function f{) of emission reduction ER(i). _ /
ER(i) is the percentage reduc_:tiq'n of emissions compared ' Py = 2ER(),”
to 1990. Take the simple linear function where the
marginal costs depend only on the reduction percentage: ,/
P(1)=2ER(1) and P(2)=ER(2) ' /
Now assume that allowances are tradeable, and that they '
are traded at a uniform trade price, '
P=P(1)=P(2)=20
The upper part of Figure A shows that the costs are the
same for both countries and represents a “feasible” set of
targets - being the outcome of the negotiation process.
The resulting emission reductions ER(i) will be equal to
ER(1)=20/2=10ER(2)=20/1=20
Now let us assume that emission imports are restricted of
two countries. An illustration is given in Figure B. Both
countries are also assumed to be small players on the
permit market, implying that the permit price will not be.
affected by any restriction. If 75% of the reduction target
must be realised domestically
we find ' '
ER(1) =0.75 * ERT(1) = 33.8, P(1) = 2ER(1) = 67.5
ER(2) =0.75 * ERT(2) =37.5, P(2) = ER(2) = 37.5
The costs compared to the full trade case - denoted by the
two areas below the marginal costs functions - are not
" equally distributed among the two countries.

P(2) =ER(2)

P=20

P(@i)

P=20

‘If 50% of the reduction target must be realised
domestically, or i
ER(1) = 0.5 * ERT(1) = 22.5, P(1) = 2ER(1) =45
ER(2) = 0.5 * ERT(2) = 25.0, P(2) = ER(2) = 25
The costs are now almost zero to country 2, as can be seen
in Figure C.

In principal we can calculate a cut-off point, being equal to
the level at which country 2 is indifferent compared to free
trade. The restriction percentage on trade equals the
percentage at which country 2 will trade as much as in the
case of free trade (50 minus 20). Country 2's burden'must
be equal to the free-trade case, while the burden for
country | can be calculated. At the cut-off point country
1 is rationed in its demand for permits at the going
intemational price, while country 2 is not. Any restriction
percentage below 56% will impose costs on both countries
with generally higher costs for country 1.

P(2) =ER(2)

P=20 s ——

When the countries are not small, the price for emission

permits will be affected by the changes in demand. As

compared to the full trade case, demand restrictions will, Where lower demand can lead to a lower permit price, indicated

upon impact, lead to at most the same level of demand, by the dashed lines in Figures B and C. The cut-off point will
be larger compared to the previous cases.

I
3
3
.
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ABSTRACT

The Second Generation Model (SGM) is employed to examine four hypothetical agreements to
reduce emissions in Annex I nations (OECD nations plus most of the nations of Eastern Europe
and the former Soviet Union) to levels in the neighborhood of those which existed in 1990, with
obligations taking effect in the year 2010. We estimate the cost to the United States of complying
with such agreements under three distinct conditions: no trading of emissions rights, trading of
emissions rights only among Annex I nations, and a fully global trading regime.

We find that the marginal cost of returning to 1990 emissions levels in the United States in the
absence of trading opportunities is approximately $108 per metric ton carbon in 2010. The total
cost in that year is approximately 0.2 percent of GDP. Emissions reductions are accomplished
via energy conservation across a broad range of residential, commercial, industrial and
transportation activities and by replacing coal fired power stations with natural gas facilities.

International trade in emissions permits lowers the cost of achieving any mitigation objective by
equalizing the marginal cost of carbon mitigation among countries. This is sometimes referred to
as “where” flexibility. “Where” flexibility allows least expensive emissions reductions to be
undertaken first, regardless of where they occur among trade participants.

For the four mitigation scenarios in this study, economic costs to the United States remain below
1% of GDP through at least the year 2020. This was the case even in the scenarios where the
United States met its mitigation targets without international trading of carbon permits.
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INTRODUCTION

More than 160 nations have signed the Framework Convention on Climate Change (FCCC).
That agreement required Annex I nations,' the developed nations of the world plus economies of
the Former Soviet Union and Eastern Europe, to undertake measures to return emissions to 1990
levels or below in the year 2000. The parties to the FCCC met in Berlin in the Spring of 1995
and determined that additional measures were required to implement the ultimate objective of the
FCCC, “to stabilize the concentration of greenhouse gases in the atmosphere at a level which
would prevent dangerous anthropogenic interference with the climate system.”

Subsequent to the Berlin discussions, nations of the world have begun to consider measures that
would set quantifiable emissions limitation requirements in the post-2000 period for Annex I
nations. Various measures have been considered. The purpose of this paper is to explore the
economic consequences of efficient policy instruments——carbon taxes or tradable emissions
permits—which might be employed to achieve a variety of targets in the post-2000 time frame.?
Using the Second Generation Model (SGM), we estimate the costs to the United States of
complying with four Annex I mitigation scenarios under three permit trading regimes.
Specifically, we examine the carbon taxes required for emissions mitigation and provide
measures of the costs of mitigation.

We begin by describing the variety of policy options to be considered and our general approach
to modeling those policies. We then review some of the necessary assumptions for this exercise,
as well as the structure and calibration of the SGM. Finally, we discuss the results of our
analysis, including time paths of emissions and measures of cost.

APPROACH

The SGM was used to simulate the impact of mitigation policies on the United States economy.
The SGM is a computable general equilibrium economic model that projects economic activity,
energy consumption, and carbon emissions for the United States and 11 other world regions. A
more complete description of the SGM follows in the next section.

Scenarios

Four scenarios were constructed that reduce carbon dioxide emissions in Annex I countries by
2010. Figure 1 shows United States emissions paths for the four scenarios and the reference case

! Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Czechoslovakia, Denmark, European Economic

" Community, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia,
Lithuania, Luxembourg, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian
Federation, Spain, Sweden, Switzerland, Turkey, Ukraine, United Kingdom of Great Britain and Northern
Ireland, and the United States.
? In the United States, efforts were undertaken by the Interagency Analytical Team (IAT), and results were
summarized in United States Government (1997). The Second Generation Modeling team was one of three
modeling teams that participated in the evaluation of potential emission mitigation measures under
discussion. Note that the results presented in this paper differ from SGM results presented under the
auspices of the IAT. The IAT effort assumed higher rates of technical change induced by a response to
policy implementation. This study does not make the same assumptions.
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in million metric tons of carbon (MMTC). The reference case, or baseline scenario, is what we
project will happen in the absence of a mitigation policy. In each mitigation scenario, allowablie
emissions are reduced linearly from the reference level in 2000 to the emissions target in 2010.
The four policies, designated ‘M_’, are listed below.

M1990 Emissions from Annex I regions must be no greater than 1990 emissions levels
beginning in the year 2010.

M1990+10% Emissions from Annex I regions must be no greater than 10% above 1990
emissions levels, beginning in the year 2010.

M1990-10% Emissions from Annex I regions must be no greater than 10% below 1990
emissions levels, beginning in the year 2010.

M1995 Emissions from Annex I regions must be no greater than 1995 emissions levels
beginning in the year 2010.

Figure 1. Carbon Dioxide Emissions Scenarios for the United States
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The four emissions mitigation scenarios each define a set of emissions rights for the Annex I
countries. In a mitigation scenario, countries must possess permits, or rights to emit, for every
million metric ton of domestic carbon dioxide emissions. Three emissions permit trading regimes
were modeled under each mitigation policy: independent emissions mitigation, Annex I joint
mitigation, and Annex I mitigation with global permit trading. The 12 SGM regions listed in
Table 1 provide the necessary global coverage to simulate these trading systems. Carbon taxes
were used to constrain emissions for each of the policy-trade combinations.
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Table 1. Regions in the SGM

Annex I Non-Annex [
United States China
Canada India
Western Europe Mexico
Japan South Korea
Australia Rest of World®
Former Soviet Union
Eastern Europe

In the independent mitigation case, each Annex I region must individually meet its required
emissions targets without trading permits across regions. The SGM computes a time series of
carbon taxes for each country that are just large enough to reduce emissions to the target level.

With Annex I joint mitigation, a common carbon tax is applied to all Annex I regions to meet the
overall Annex I emissions target. However, regions are allowed to trade permits amongst
themselves so long as the total constraint is met in each time period. Regions may only emit
more carbon than their allocated emissions rights allow if another Annex I region is willing to sell
a corresponding number of its permits, thereby forcing the seller region to reduce its domestic
emissions beyond the required target.

In the global trading case, emissions rights are allocated to Annex I regions at the same levels as
in the Annex I trading case. Under global trading, however, the Annex I regions are allowed to
purchase permits from each other and from non-Annex I regions so long as the global emissions
constraint is met. The global constraint in each period is composed of the Annex I constraint and
the sum of the non-Annex I regions’ reference level emissions in that period. The SGM is used
to determine a global carbon tax just large enough to meet the global emissions target.

In none of the above scenarios and trading combinations are non-Annex I regions forced to
constrain their emissions below reference levels. No mitigation targets or emissions trajectories.
are imposed on those regions. Under the global permit trading regime, non-Annex I regions
participate in the market for carbon permits only when it is to their economic benefit to do so.
These regions are allocated permits equal to their projected reference emissions, so they are only
required to reduce their emissions by an amount equal to the number of permits they wish to sell.

Eastern Europe and Former Soviet Union Permit Allocations

While carbon dioxide emissions in most regions are anticipated to continually increase over time
beyond 1990 levels, this is not true for the Eastern Europe and Former Soviet Union regions.
Emissions in these regions have declined since 1990. Their reference case emissions trajectories
reflect this decline from 1990 to 1995 and then increase slowly from 1995 onward. The

3 The Rest of World includes Latin America, Africa, and other Asian countries.
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downturn in emissions poses a special problem when allocating emissions rights. Two-
approaches to permit allocations for the regions have been discussed in recent months. The first
allocates permits based on the stafed policy scenario (e.g., M1990 allocates permits based on
1990 emissions level) so that permits are allocated to them in the same way as they are to other
Annex I regions. Because of the decline in emissions in those regions from 1990 to 1995,
however, this approach results in emissions permits being granted to Eastern Europe and the
Former Soviet Union in the policy years that are greater than their reference level emissions.
These “paper credits’ are equal to the difference between the lower post-1990 emissions and the
policy-level (i.e., 1990) emissions. For example, the Former Soviet Union’s reference emissions
level in 2010 is 836 MMTC, significantly lower than its 1990 emissions of 1050 MMTC. If
granted permits equal to its 1990 emissions, it would receive 214 MMTC worth of permits more
in 2010 than its projected emissions, giving it 214 MMTC worth of permits to sell without
incurring any emissions reductions of its own. '

The second approach to allocating permits to Eastern Europe and the Former Soviet Union is to
grant permits equal to reference level emissions in each period until the projected path is
constrained by the policy. For example, in the M1990 case, the Former Soviet Union would be
granted permits equal to its projected reference emissions through 2020 because emissions in the
policy years never recover to 1990 levels.

For the purpose of this exercise, we chose to emphasize the latter approach in allocating
emissions to Eastern Europe and the Former Soviet Union. This reference allocation scheme
ensures that the stated Annex I emissions targets are achieved in both the independent mitigation
and permit trading scenarios. For the purpose of comparison, we also include a short discussion
of the impacts of the mitigation policies utilizing the first approach.

MODEL OVERVIEW

The SGM is designed specifically to address issues associated with global change. The model is
designed to perform the following types of analysis:

1. Provide estimates of future time paths of environmentally important emissions associated
with economic activity.

2. Provide estimates of the economic cost of actions to reduce greenhouse gas emissions.

Sectors

The SGM has nine producing sectors and twelve inputs to production. The inputs are land, labor,
capital, and the nine produced goods. Economic detail is maintained in the energy supply and
transformation sectors that are important for greenhouse gas emissions projections, but
aggregated elsewhere into one large “everything else” sector.

Five different fuels are used for producing electricity, resulting in five subsectors for the electric
generating sector. A separate economic production function, of the constant elasticity of
substitution (CES) functional form, is used for each sector or subsector. Capital investment
decisions depend on an assumed lifetime of capital for each sector or subsector. Capital lifetimes
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range from 15 years in the oil, gas, and coal production sectors to 70 years for hydroelectric
power. The relative size of each production sector and subsector is shown in Table 2.

Table 2. Producing Sectors in the SGM

Gross Output in 1985

Producing Sector (millions of 1985 $)
1  Agriculture 468,618
2  Everything Else 5,086,486
3 Oil Production 64,171
4  Gas Production 45,804
5  Coal Production - 20,006
. 6  Uranium Processing 2,195
7 Electricity Generation 165,800
a. oil 10,959
b. gas 34,152
¢. coal 85,930
d. nuclear 21,370
e. hydro 13,389
8  Petroleum Refining 145,015
9  Gas Transmission and Distribution 105,330
Market Clearing

In the SGM, markets are said to clear. In other words, the SGM solves for the set of prices for
all markets (or sectors) in the modeled economy so that demands and supplies of each market are
in equilibrium. The set of prices in which the equilibrium holds is called the market-clearing
price set. In an equilibrium model like the SGM, markets are linked to other markets through the
market-clearing process. For example, a change in the demand for coal will have an effect on not
just the price of coal, but also the prices of oil, gas, and, at least indirectly, the prices of all
markets in the economy.

Carbon permit prices and taxes are also solved for by the SGM as part of the market equilibrium.
Emitters of carbon pay a tax based on the carbon content of the fuels they combust. The SGM
finds the carbon price such that the amount of carbon emitted is just equal to the carbon
constraint of the region or group of regions under a carbon emissions limitation constraint.

Carbon Taxes and Revenue Recycling

The SGM uses a carbon tax within each region to provide an economic incentive for the economy
to substitute away from carbon. Revenues obtained from the carbon tax can be very large, and
how the revenues are recycled, or redistributed to the economy, makes a difference in the final
economic cost. For this exercise, we assume that all carbon tax revenues are recycled back to
consumers through a lump-sum government transfer.



For the cases where emissions rights are traded between countries, each SGM region is allocated

an initial number of carbon emissions permits based on the stated mitigation policy (e.g., 1990

emissions levels for the M1990 scenario). Carbon permits can then be traded between countries @
at a price that clears the global market in these permits. >

Mbdos of Operation

All of the SGM regions were initially developed as single-region models with a base year of
1985. Each regional model operates in five-year time steps to the year 2050, with results
reported here to 2020. Most of the single-region models were developed in collaboration with
experts from that country. It is possible to run all of the regions individually or simultaneously in
a global model with international trade. The three modes of operation for the SGM are:

1. Single Region
2. Global with Partial Market Clearing
3. Global with Full Market Clearing

Single-region operation. For each SGM region, all produced goods are classified as being
tradable, nontradable, or traded at a fixed quantity. When SGM regions are operated
independently, a fixed world price is assumed for certain tradable goods; regions may import or
e€xport as much of that good as desired at that fixed world price, subject to an overall balance of
payments constraint. For all nontradable goods, the quantity of trade is fixed in advance. The
following assignments are used when the United States model is operated independently:

Numeraire Sector: everything else (price always equals 1) @
Fixed World Price: crude oil

Fixed Trade Quantities: agriculture, coal, nuclear fuel, refined petroleum, electricity

Nontradables: distributed gas, land, labor

For each region, the large ‘everything else’ sector is the numeraire, with its price fixed at 1 for all
. time periods. The prices of the other sectors in the economy are reported relative to this fixed
value. The ‘everything else’ good is a tradable good for all regions. An exogenous balance-of-
Payments constraint is specified in advance for each region. Most regions are assumed to move
linearly from a historical trade balance in 1985 to balanced trade by 2005.

Given a trial set of prices, the SGM computes supply and demand for ail producing sectors and
primary factors of production. Markets for the nontradables and goods traded at fixed quantities
are brought into equilibrium by searching for a set of prices that equate supply and demand.
Prices are adjusted until supply and demand are within 0.01% of each other.

Global model with partial market clearing. The global version of the SGM is used when there
is at least one market that must clear globally. For the scenarios described in this paper, that
market is tradable carbon emission permits. The model searches for a global carbon tax, which
can be interpreted as a world carbon permit price, that clears the market for permits.




Each region is initially allocated a number of carbon permits and may trade those permits at the
world permit price. Some regions will be sellers of permits and some will be buyers. After
trading permits, all regions must hold permits equal to the domestic level of carbon emissions.

All regions are still subject to a period-by-period balance of payments constraint. The model
does not allow borrowing to pay for carbon emissions permits. Imports of permits must be paid
for with exports of some other good.

Global model with full market clearing. There are no longer any markets with a fixed world
price. A set of world prices is found that clears all world markets. Also, world markets can be
created for goods that were traded in fixed quantities in the single-region model.

All of the scenarios described in this paper were run in the second mode, global with partial
market clearing. This mode was chosen for two reasons. The first is that we chose to adopt a
fixed time path of world oil prices for SGM model runs that were completed for the United States
Government during the spring of 1997. This meant that the world oil market would not be
allowed to clear in the model. The second reason is that model results are often easier to interpret
when some variables in the model remain predetermined over time.

Data Requirements
Three types of data are used to construct and calibrate each region of the SGM:

1. Economic and Demographic Data
2. Energy Balances
3. Technology Descriptions

Economic data include input-output tables and supplemental information from the national
income accounts. Population projections were obtained from the-World Bank. Energy balance
tables were obtained either from the International Energy Agency or from government agencies
within a region.

Input-output tables describe, in value terms, the flow of goods between industries and consumers
in an economy. However, 2 model concerned with quantities of carbon emissions must also be
concerned with quantities of energy. An input-output table alone is not sufficient to determine
the quantities of oil, gas, coal, electricity, and refined petroleum that are produced and consumed.
Supplemental information on energy quantities is required to map currency units from an input-
output table to energy units needed to calculate levels of carbon emissions. We combine
economic input-output tables with energy balance tables to create a hybrid input-output table with
units of joules for energy products and real dollars for all other products. Miller and Blair (1985)
provide a general description of, and the motivation for using, hybrid input-output tables.

Individual energy technologies are characterized by the annualized cost of providing an energy
service. Data needed to determine the annualized cost include capital cost, equipment lifetime,
annual fuel requirements, the interest rate, and other annual maintenance and operating costs.




REFERENCE CASE AND CALIBRATION

‘u iy

The cost of reducing greenhouse gas emissions is dependent on the reference case. The higher
the growth rate of emissions in the reference case, the greater the cost of returning to 1990
emissions. Therefore, much effort is expended to create an acceptable reference case before
running any of the mitigation scenarios.

Results for this study are reported for the years 1990 through 2020. The United States reference
case was closely calibrated to the Annual Energy Outlook 1997 (AE097). Since AEO97 projects
only up to the year 2015, projections beyond 2015 are SGM model results and are not calibrated
to any other established projections. Projections of carbon emissions, population, gross domestic
product (GDP), energy consumption, and electricity generation for the United States are
described below.

For the other global regions, economic and energy consumption growth rates were roughly
calibrated to regional projections from the World Energy Outlook 1996 (WEQ96). For the
Eastern Europe and Former Soviet Union regions, projected energy consumption levels were
adjusted downward from the WEQ96 projection to reflect recent events. Population projections
for all regions with the exception of the United States were set exogenously based on the World
Population Projections 1994-1995, published by the World Bank. The United States population
projection was set according to AEO97 projections. As mentioned earlier, the international crude
oil price trajectory was also taken from the AEO97. Prices for all other fuels and goods in the
model were determined endogenously.

The general calibration procedure was to first match GDP growth by adjusting parameters that 6
control total factor productivity in the ‘everything else’ sector. Then energy consumption by fuel -
was calibrated by adjusting input-specific technical change parameters. Carbon emissions are an

output of the model derived directly from primary energy consumption by applying fuel-specific

emission factors.

Carbon Emissions

In 1990, total carbon dioxide emissions from the combustion of fossil fuels in the United States
were 1,350 million metric tons of carbon. Model results show that total carbon dioxide emissions
continue to rise as fossil fuel consumption increases and emissions reach 1,871 million metric
tons by 2020. This amounts to a 39 percent increase in total emissions and an emissions growth
rate of 1.1 percent per year. Reference case carbon emissions were shown earlier in Figure 1.

Gross Domestic Product

The two most important determinants of GDP are population growth and rates of change in
productivity. Total population levels for the United States were taken directly from AEQ97.
United States population grows from 250 million in 1990 to 323 million in 2020. This represents
an annual population growth rate of 0.85 percent per year.



GDP for the United States was matched to AEO97 projections by changing the total factor
productivity parameter for the ‘everything else’ sector. Beginning with the 1990 GDP of 6.1
trillion dollars, the economy grows at nearly 2 percent annually to reach 10.6 trillion dollars by
2020.

Energy Consumption

Total energy consumption from 1990 to 2015 was calibrated to within 2 percent of projections
from AEO97. Energy consumption by fuel is shown for the United States in Figure 2. Total
consumption increases from 86 EJ in 1990 to 118 EJ in 2020. This increase represents an
average annual growth rate of 1.1 percent over that period. The annual growth rate in energy
consumption declines over time and by 2020 decreases to 0.5 percent per year.

Petroleum remains the major source of energy through 2020, but its share of total consumption
declines over time, giving way to natural gas and, to a lesser extent, renewable energy sources.

Coal is the third largest source of energy and its consumption grows steadily at slightly less than
1 percent per year. Nuclear energy’s contribution to energy consumption declines over time.

Figure 2. Energy Consumption — United States Reference Case
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Energy consumption does not grow as fast as GDP, which results in the energy-GDP ratio falling
over time at an average annual rate of 1.0 percent per year. Figure 3 shows the energy-GDP ratio
generated by the SGM for the United States reference case.



Figure 3. Energy-GDP Ratio — United States Reference Case
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Electricity Generation

Projections of electricity generation are similar to those of the AEQ97. Total electricity €
generated in 1990 is nearly 11 EJ, which grows at 1.5 percent per year to reach 17 EJ by 2020.
The major source of electricity is the combustion of coal; however, electricity generation from
natural gas plays a significantly larger role with time. In 1990, electricity generation from coal
contributed 53 percent of the total generation, while that from natural gas combustion contributed
17 percent of the total. By 2020, the shares of electricity generation from coal and natural gas are
closer. Electricity generation from coal and natural gas comprise 44 and 34 percent shares of the
total, respectively. Highly efficient and low-cost natural gas combined cycle power plants
incorporated into the SGM contribute to the growth of natural gas as the choice fuel for
electricity generation. Nuclear power’s contribution to the overall demand for electricity declines
with time as existing power plants are retired and no new additional plants are constructed.*
Renewable energy sources for electricity generation include hydroelectricity, solar photovoltaics
and others. Generation of electricity from renewable sources increases slightly from 1990 to
2020; however, renewable energy’s share of total electricity remains below 10 percent of the
total. :

* The assumption of no new starts reflects a de facto nuclear moratorium. Were nuclear power to be
allowed to compete against other energy forms on the basis of price alone, the model would continue to o
build new facilities. f\—
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COST OF EMISSIONS MITIGATION

Although this exercise employed the 12-region version of the SGM, discussion of results in this
paper will focus on the United States. The SGM provides output on regional GDP and its
components and a detailed description of the composition of energy supply. In this analysis, we
focus on the broad economic impacts to the economy. Specifically, we discuss the permit prices
required to meet the various mitigation requirements and the costs to the United States economy
of undertaking such policies. We also discuss the impacts of the domestic carbon taxes on
energy consumption.

Permit Prices

Table 3 shows the permit prices by trading regime required for the United States to meet its
emissions targets under the four mitigation scenarios. Permit prices in the United States must
reach $108 per metric ton of carbon to reduce United States emissions to 1990 levels in 2010 in
the independent mitigation case. This price increases significantly with the tighter constraint
imposed under the M1990-10% case. Permit prices in the M1995 and M1990+10% scenarios are
very similar as only 5 MMTC separate the constraints in the two cases in 2010.

Table 3. United States Carbon Taxes Required to Meet Policy Goal
Eastern Europe & FSU Allocated Reference Case Permits
(1992 USS per Metric Ton of Carbon)

Independent Annex I Joint Annex I Mitigation with
Mitigation Mitigation Global Trade
2010 2020 2010 2020 2010 2020
M1990 108 170 72 87 26 27
M1990+10% 60 110 42 58 16 18
M1990-10% 173 260 109 122 38 36
M1995 - 61 112 70 106 26 32

Permit prices fall as more regions are included in the market for carbon permits. In the
independent emissions mitigation case, carbon emitters in the United States may undertake
emissions mitigation options available only within the United States. In the Annex I joint and
global permit cases, however, regions are included that have mitigation options with significantly
lower costs, thereby lowering the marginal cost to the carbon permit market of meeting the
desired emissions targets. As we will discuss, this ‘where’ flexibility in meeting emissions
targets has a significant impact on costs as well as permit prices.

A fixed emissions target and an increasing reference case emissions level imply both a rising
percentage emissions reduction and a rising price of meeting the fixed emissions target.
Increasing population in the United States, and the economic growth that accompanies it, put
upward pressure on emissions that, in turn, forces larger shifts away from coal toward natural gas
and renewable energy sources. The availability of relatively inexpensive abatement options in
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the developing world allows the permit price to remain relatively constant over time in those
cases.

As the permit prices decrease across trading regimes, the United States purchases increasing
quantities of permits from abroad, thereby enabling it to emit more than its allocated permits
alone would allow. Figure 4 shows United States emissions for the M1990 case across the three
trading regimes. Under the independent emissions mitigation regime, the United States is limited
to emitting only what it is allocated under the scenario, its 1990 emissions level. With Annex I
trading, however, the United States purchases 209 MMTC worth of permits in 2010 and 244
MMTC in 2020 from the Former Soviet Union and Eastern Europe. The purchases increase to
316 MMTC and 436 MMTC in 2010 and 2020, respectively, under the global trading regime.
Again, ‘where’ flexibility reduces the amount by which a permit-buying region must reduce its
emissions and, therefore, reduces the cost to the region.

Figure 4. United States Carbon Emissions - M1990 Cases
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The M1995 Annex I trading case is the only case in which the United States sells permits to other
regions. The permit price under independent mitigation in 2010, as shown in Table 3, is less than
that shown under Annex I trading. Because the United States can mitigate emissions less
expensively in 2010 than other Annex I regions, it reduces its emissions beyond the required
1995 target and sells permits to other Annex I regions. By 2020, however, the United States
begins to purchase permits from Eastern Europe and the Former Soviet Union. '
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Energy Consumption

Emissions mitigation is achieved primarily through two mechanisms: energy conservation -
reduction in total energy consumption - and replacement of coal-fired capacity with less carbon-
intensive fuels such as natural gas and renewables in the electricity sector. In the no-trading
cases, fuel switching from coal to natural gas and renewable fuels in the electricity generation
sector accounts for roughly 60 percent of the reduction in total emissions. Energy conservation
makes up the remaining 40 percent of the reduction. The domestic carbon tax of $108 in 2010 in
the M 1990 case results in a reduction of total energy consumption by 14 percent relative to the
reference case. Consumption of coal drops by 57 percent while consumption of petroleum drops
by 7 percent. Consumption of natural gas, however, increases by 4 percent due to fuel switching.
Figure 5 shows energy consumption by fuel in the year 2010 for the four mitigation scenarios.
Note that even when emissions are returned to 1990 levels, the scale of the total energy system
still exceeds the 1990 energy consumption level of 86 EJ. The fuel switching mentioned above
allows the emissions targets to be met without reducing total consumption by the same
percentage as the required reduction in emissions.

Figure 5. United States Energy Consumption in 2010
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Fuel substitution in the electricity sector results in the share of electricity generated from coal
dropping from 45 percent in the reference case to 20 percent in the M1990 case. The reduction in
electricity generation from coal is compensated for by increased generation from natural gas.
The share of electricity generation from natural gas increases from 29 percent in the reference
case to 51 percent M1990 case.
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As discussed above, the domestic cost of stabilizing emissions at 1990 levels in 2010 without
trade is $108 per metric ton of carbon. This cost roughly reflects the cost of abandoning existing
coal-fired power generation capacity and replacing it with a new combined-cycle natural gas-
fired unit. A $108 per metric ton tax adds approximately $0.02 per kilowatt-hour to the
operations and maintenance (O&M) cost of power generation in a coal-fired plant. This
additional cost makes the O&M cost of the coal plant higher than the levelized cost of installing a
new gas-fired combined-cycle unit, roughly $0.05 per kilowatt-hour. The $108 tax, therefore,
provides an emissions mitigation plateau for permit prices that is not exceeded until most of the
existing coal capacity is replaced.

Certain caveats apply to the discussion above concerning the marginal cost of substituting natural
gas-fired electricity generation capacity for existing coal-fired capacity. The cost analysis
requires that the tax be levied indefinitely. If the tax policy is believed to be only temporary, the
amount of substitution is likely to be much less substantial and the tax level required for
stabilizing emissions could be higher. The tax level required for mitigation also depends on the
cost of developing the infrastructure necessary to supply natural gas to potential new users.
Extending pipelines to particular areas, for example, might increase the cost of gas enough so as
to discourage switching from coal-fired plants in those areas.

Cost Calculations

A very convenient way to characterize the response of any SGM region to a carbon tax is by
constructing a marginal cost of carbon curve. Figure 6 is a scatter plot of various carbon taxes
applied to the United States economy and the corresponding reduction in carbon emissions. Data
points plotted in Figure 6 are from the four independent mitigation scenarios for the United
States. Note that a positive tax is required to achieve any reductions in carbon emissions.

The marginal cost curve is used to calculate one measure of cost that we will call the direct cost.
For any level of carbon emissions mitigation, the direct cost is defined as the area under the
marginal cost curve up to that amount of mitigation.® While the first units of emissions
reductions are very inexpensive, successive units become more and more expensive. So, as the
constraints on emissions become tighter across cases and over time, the cost of mitigation
increases. Figure 7 shows the direct costs for the United States for the four independent
mitigation scenarios. Direct costs are shown at 5-year intervals through 2020 as a percentage of
GDP. These costs are plotted as negative numbers.

* Note that these costs do not include the costs of establishing a domestic or international permit trading
system nor do they include the transaction costs associated with permit trading among firms and/or regions.
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Figure 6. Marginal Cost of Carbon
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Figure 8 focuses on the M1990 case and shows how costs to the United Sates are reduced with
trade in emissions permits between countries. The ‘independent’ cost line shown in F igure 8 is

the same as the M1990 cost line in F igure 7. In 2010, costs are reduced somewhat with Annex | @

trading and reduced by about one-half with global trading. In later years, the flexibility in where
emissions reductions are undertaken impacts mitigation costs even more significantly.

Figure 8. Ilustration of ‘Where’ Flexibility - Costs for M1990 Cases

1990 1995 2000 2005 2010 2015 2020
0.00% m— —8— : :

-0.10%

| \\ e
-0.20%

-0.30% kl
Percent . \
of GDP . :

-0.40%

-0.50%

-0.60%

-0.70%

tO-Global Trading -=-Annex I Trading —ﬁ-lndependelrt}

Cost calculations for the emissions trading cases are different than in the independent case. Costs
for the trading case take into account the value of permits traded. For a buyer of permits, such as
the United States, net cost includes the direct cost plus expenditures on carbon permits. A
breakdown of these two cost components is shown for the M1990 Annex I trading case in Figure
9. Direct cost is roughly half of the net cost. The remaining cost, the difference between the

‘direct cost’ and ‘net cost’ lines in Figure 9, is the value of emissions permits that would be
purchased from other Annex I countries.
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Figure 9. Cost Breakdown — M1990 Annex I Trading Case
1990 1995 2000 2005 2010 2015 2020
0.00% @ a- : : :
-0.10% \ — 3

020% \\

-030% -

Percent

of GDP
-0.40%

-0.50%

-0.60%

-0.70%

|—e—Direct Cost -=-Net Cost|

Impact of Alternative Perinit Aﬂocaﬁon Approach

The results discussed thus far have been based on the assumption that Eastern Europe and the
Former Soviet Union are allocated permits equal to the minimum of their reference-level
emissions and the pclicy-level emissions. This section will discuss the impacts of an alternative
permit allocation method in which Eastern Europe and the Former Soviet Union are granted
permits equal to their policy-level emissions in every period. Recall that ‘policy-level’ refers to’
the emissions target set by the chosen mitigation policy. For example, the policy-level emissions
in the M1990 case would be 1990 level emissions starting in 2010, and for the M1995 case they
would be 1995 level emissions beginning in 2010. This assumption results in the ‘paper credits’
discussed earlier that significantly impact the permit prices required to meet Annex I emissions
targets in the Annex I and global trading cases.

Table 4 shows the permit prices required to meet the policy goal under the policy-level permit
allocation approach. The prices required for independent mitigation in the United States do not
change from Table 3 above because the paper credits in those cases are not available for purchase
outside Eastern Europe and the Former Soviet Union. Permit prices also remain unchanged
under the M 1995 case because by that time the two regions have already suffered the worst of
their economic downturns so that emissions levels are at their lowest point in the 1990 to 2020
time frame. The permit prices under the other trading scenarios are significantly less under this
allocation approach, however, because the regions are able to sell the paper credits without
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incurring any cost domesticall
Eastern Europe and the Form
necessary for the remaining
" permits available for purchase reduces
permit price under the reference-
permit prices for the M1990 case

AnnexIre

Y. In the M1990 case in 2010, the paper credits allocated to )
er Soviet Union account for 37 percent of the emissions reductions
gions to meet their target emissions. This addition of

the permit price by $33, or by 46 percent, relative to the
level allocation approach. F igure 10 shows the difference in
with Annex [ trading between the two permit allocation

approaches in 2010 and 2020. Note that the difference decreases over time as emissions in
Eastern Europe and the Former Soviet Union approach the policy goal.

Table 4. United States Carbon Taxes Required to Meet Policy Goal -
Eastern Europe and the Former Soviet Union Allocated Policy-level Permits
(1992 USS per Metric Ton of Carbon)

Independent Annex I Joint Annex I Mitigation with
Mitigation Mitigation Global Trade
2010 2020 2010 2020 2010 2020
M1990 108 170 39 73 15 22
M1990+10% 60 110 6 35 2 11
M1990-10% 173 260 88 124 31 36
M1995 61 112 70 106 26 32

Figure 10. Permit Prices under Alternative Permit Allocation Methods for Eastern Europe
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The lower permit prices under the policy-level approach result in lower total costs of emissions
mitigation to the United States. In the M1990 Annex I trading case, costs as a percentage of GDP
are reduced from 0.18 percent under the reference-level allocation approach to 0.12 percent
under the policy-level approach in 2010. Figure 11 shows costs as a percentage of GDP for the
M1990 Annex I trading case for both allocation methods.

Figure 11. Cost to the United States of Emissions Mitigation under Alternative Permit |
Allocation Methods for Eastern Europe and the Former Soviet Union —
M1990 Annex I Trading Case
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DISCUSSION

In this section, we summarize some of the insights gained from our modeling activities using the
SGM. First, economic costs depend a great deal on our assumptions about future carbon
emissions. Second, several measures of cost are available from the SGM. Third, the distribution
of costs among countries in a system of global permit trading is sensitive to assumptions on
exchange rates as well as the initial allocation of permits. Fourth, any system of global trade in
carbon permits implies potentially large transfers of wealth from one region to another. Finally,
we discuss how some of our assumptions affect the results on costs.

Role of Reference Emissions in Shaping Marginal Mitigation Costs

All of the results in this study depend on assumptions used to create a reference emissions
scenario from the present to 2020. The amount of mitigation required to return to 1990 levels
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depends directly on reference case emissions for each region. In the Annex I trading cases,
.carbon permit prices are particularly sensitive to reference scenarios for potential sellers of
permits, especially Eastern Europe and the Former Soviet Union.

Among the Annex I countries, projecting future carbon emissions is especially uncertain for
Eastern Europe and the Former Soviet Union. Of particular importance is when emissions in
these regions will once again reach 1990 levels. If this point is reached before 2010, then we
model Eastern Europe and the Former Soviet Union Just as any other Annex I country. If this
point is reached after 2010, then emissions restrictions are not binding in the two regions until
that point in time.

Measuring and Reporting Costs

At least two measures of cost are available from the SGM and from other models as well. The
first measure, which we call the direct cost, can be thought of as either a deadweight loss or the
integral under the marginal cost curve for carbon. Using either approach, direct cost is
approximately equal to one-half of the carbon tax (or permit price) times the reduction in carbon
emissions. For the permit trading cases, direct costs are then adjusted by the value of transfer
payments required to purchase or sell permits. This measure of net cost is simple to construct
and is comparable across models.

Of ultimate interest, however, is the net impact on some broader measure of economic activity
(such as GDP) or on economic welfare (such as real consumption). There are many reasons why
the change in GDP (or real consumption) is different than direct cost net of transfer payments.
These other components of cost include the effects of pre-existing distortionary taxes, changes in
terms of trade, and how tax revenues are recycled. In addition, measurement of GDP (or real
consumption) depends on the choice of index and base year used to construct that index. This
reflects real-world problems in constructing a quantity index for GDP when relative prices are
changing, -

Foreign Exchange Rates

Permit prices for the global permit trading cases are very sensitive to assumptions about
exchange rates. And while the United States follows a largely free market approach to exchange
rates, most developing nations do not. Therefore it may be perfectly reasonable to assume that
over the long-term the United States exchange rate with other free market trading partners would
tend toward the purchasing power parity rate, this assumption is questionable with other partners.
This is particularly true for developing countries where market exchange rates, in local currency
per U.S. dollar, can be three to five times the corresponding exchange rate based on purchasing
power parity. A global permit price of $100 per metric ton translates, at market exchange rates,
into a much higher relative price in the developing countries than in the United States.

Exchange rates based on purchasing power parity are usually used to compare income levels
between countries, but market exchange rates must be used for goods actually traded between
countries. This creates a potential problem for developing countries considering participation in
a global permit trading program; carbon permits would be traded at market exchange rates, while
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GDP losses are better measured using purchasing power parity. For developing countries, losses
in GDP could be greater than the value of carbon permits sold.

International Transfer Payments

We have modeled an international system of carbon permit trading that implies potentially large
wealth transfers from buyers to sellers of permits. These transfers also change the pattern of
other goods traded internationally. For a buyer of permits, this annual transfer of wealth is equal
to the annual quantity of permits purchased times the world market price of the permits. The size
of these transfers depends directly on the initial allocation of permits between countries. The
initial allocation determines not only the amount of permits traded by each country, but also
whether a country is a buyer or seller of permits.

For this study, the initial allocation of permits among Annex I countries is simply the emissions
targets defined by the four mitigation scenarios. Non-Annex I regions were allocated permits
equal to reference case emissions. These four mitigation scenarios represent only a few of the
many possible ways of setting global emissions limits and allocating emissions rights among
countries to meet those limits. Each allocation implies a different pattern of wealth transfers
among countries.

~ Each region in the SGM is assigned a period-by-period balance of payments constraint. Buyers
of carbon permits must, therefore, export more of other traded goods than otherwise to pay for
the purchased permits. Conversely, sellers of permits use the permit revenues to increase imports
of other goods.

Sensitivity of Costs to Model Assumptions

Economic costs reported by the SGM for the United States are sensitive to many of the model
inputs. These include the choice of exchange rate, the inclusion of paper permits, and the method
of revenue recycling.

If purchasing power parity exchange rates were used instead of market exchange rates for the
developing countries, then any given world permit price would translate into a lower carbon tax
in that country’s local currency. For global trading cases, this would increase the global permit .
price needed to meet a global emissions limit, and the SGM would report higher costs for the
United States.

For Eastern Europe and the Former Soviét Union, carbon permits were allocated based on their
reference case, and not on 1990 emissions. If we had.allocated permits based on 1990 levels,
these extra ‘paper credits’ would create a less-stringent Annex I target. The model would then
report a lower permit price for the trading cases, and a lower cost to the United States.

In this study, we assumed that all revenues from a carbon tax would be recycled as a lump sum to
consumers. Another option is to use the carbon tax revenues to offset other taxes. This has the
potential to reduce overall costs, since carbon tax revenues would displace other distortionary
taxes.
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KEY OBSERVATIONS

Economic costs are reduced with a permit-trading program that equalizes the marginal cost of
carbon between countries. The least expensive emissions reductions are taken first, regardless of

where they occur. Costs shown in Figure 8 provide a good example of the importance of this
‘where’ flexibility.

For the four mitigation scenarios in this study, economic costs to the United States remain below
1% of GDP through at least the year 2020. This was the case even in the scenarios where the
United States met its mitigation targets without international trading of carbon permits.

Each region in the SGM can be characterized by a marginal cost of carbon curve, as was shown
in Figure 6. This shows the approximate carbon tax required for any given level of carbon
emissions reduction. For the amount of emissions reductions needed in 2010 to return to 1990
levels, a carbon tax of $108 per metric ton of carbon is required.
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