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SUMMARY

The Kyoto Protocol incorporates emissions trading, joint implementation and the clean development
mechanism to help Annex I countries to meet their Kyoto targets at a lower overall cost. This paper aims
to estimate the size of the potential market for all three flexibility mechanisms under the Kyoto Protocol
over the first commitment period 2008-2012, both on the demand side and on the supply side. Based on
the national communications from 35 Annex I countries, the paper first estimates the potential demand in
the greenhouse gas offset market. Then, the paper provides a quantitative assessment of the implications
of the EU proposal for concrete ceilings on the use of flexibility mechanisms for the division of abatement
actions at home and abroad. Finally, using the 12-region’s marginal abatement cost-based model, the
paper estimates the contributions of three flexibility mechanisms to meet the total emissions reductions
required of Annex I countries under the four trading scenarios respectively. Our results clearly
demonstrate that the fewer the restrictions on trading the gains from trading are greater. The gains are
unevenly distributed, however, with Annex I countries that have the highest autarkic marginal abatement
costs tending to benefit the most. With respect to developing countries, their net gains are highest when
trading in hot air is not allowed, and China and India account for about three-quarters of the total

developing countries’ exported permits to the Annex I regions.

Keywords: Marginal abatement costs, Emissions trading, Clean development mechanism, Joint

implementation, Kyoto Protocol, Greenhouse gases, European Union, Hot air, CDM market,

Supplementarity restrictions, Price of permits
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NON TECHNICAL SUMMARY

The Kyoto Protocol is the first international environmental agreement that sets legally binding
greenhouse gas emissions targets and timetables for Annex I countries. It incorporates emissions
trading and two project-based flexibility mechanisms, namely joint implementation (JI) and the clean
development mechanism (CDM) to help Annex I countries to meet their Kyoto targets at a lower
overall cost. To what extent their compliance cost can be lowered depends on the size of the market for
all three flexibility mechanisms under the Protocol.

This paper aims to estimate the size of the potential market for the Kyoto flexibility
mechanisms over the first commitment period 2008-2012, both on the demand side and on the supply
side. Taking the year 2010 as representative of the first commitment period and based on the national
communications from 35 Annex I countries, the paper first estimates the potential demand in the
greenhouse gas offset market. We show that for most of the OECD countries except for the EU, their
Kyoto targets, which are well below their projected baseline greenhouse gas emissions, are stringent
than they appear at first glance. We point out that the low official projections of the EU greenhouse gas
baseline are attributable in large part to internal burden sharing of the Kyoto commitments among the
member countries, having incorporated the impacts of energy policies that are currently being either
implemented or negotiated in response to climate change, and to the choice of base year.

The paper then addresses supplementarity restrictions and provides a quantitative assessment
of the implications of the EU proposal for concrete ceilings on the use of flexibility mechanisms. Our
results suggest that although the aggregate allowed acquisitions for the Annex I countries as a whole in
2010 from all three flexibility mechanisms under the two alternatives proposed by the EU are well
below 50% of the difference between the projected baseline emissions and the target in 2010, the
proposed restrictions to each Annex I country vary, in some case even substantially. Under either of the
two alternatives, the US is not allowed to acquire more than one third of the difference between its
projected baseline emissions and the target in 2010. On the other hand, the EU proposal allows, in
percentage terms, some countries, particularly its member countries, to undertake a significant amount
of acquisitions. This can be attributed to certain extreme weather conditions in some member countries,
projected baseline 2010 emissions by most EU member countries very close to their Kyoto targets,

and/or to largely unrelated political events or policies of a one-off nature.



Finally, using the 12-region’s marginal abatement cost-based model, the paper estimates how
many of the total emissions reductions required of Annex I countries in 2010 will be met through
domestic abatement actions, emissions trading and JI, and acquisitions of the certified CDM credits
under the EU ceilings scenario as well as under other three trading scenarios, respectively. Our results
clearly indicate that the use of flexibility mechanisms helps to lower the OECD countries’ compliance
costs by avoiding their undertaking of more costly domestic actions. However, the magnitude of
reductions in compliance costs differs substantially among the OECD countries. In percentage terms,
the countries whose autarkic marginal abatement costs are much higher than the market price of
permits will benefit more than those countries whose autarkic marginal abatement costs are closer to
the market price. Our results also demonstrate that restrictions on the use of flexibility mechanisms not
only reduce potential of the Annex I countries’ efficiency gains, but also are not beneficial to
developing countries because they restrict the total financial flows to developing countries under the
CDM. Thus, from the perspective of husbanding the world’s limited resources, the fewer the

restrictions on the use of flexibility mechanisms the gains from their use are greater.
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1. Introduction
In the face of a potentially serious global climate change problem, 158 countries reached an historical
agreement on limiting greenhouse gas emissions in December 1997, Kyoto. While the United Nations
Framework Convention on Climate Change (UNFCCC) signed at the Earth Summit in June 1992,
committed Annex | countries (i.e., the OECD countries and countries with economies in transition. These
countries have committed themselves to greenhouse gas emissions targets) to “am” to stabilize
emissions of carbon dioxide (CO;) and other greenhouse gases at their 1990 levels by 2000, the so-called
Kyoto Protocol goes further. It setslegally binding emissions targets for a basket of six greenhouse gases
and timetables for these countries. Together, Annex | countries must reduce their emissions of six
greenhouse gases by 5.2% below 1990 levels over the commitment period 2008-2012, with the European
Union (EU), the United States and Japan required to reduce their emissions of such gases by 8%, 7% and
6% respectively (UNFCCC, 1997a). The Protocol will become effective once it is ratified by at least 55
parties whose CO, emissions represent at least 55% of the total from Annex | Partiesin the year 1990.
Climate changeis a global problem requiring aglobal response. Reflecting the underlying principle
of the UNFCCC, which states “ policies and measures to deal with climate change should be cost-effective
so as to ensure global benefits at the lowest possible cost”, the Kyoto Protocol incorporates a variety of
provisions for flexibility mechanisms through which the costs of abating emissions can be lowered.
Article 6 authorizes the transfer or acquisition of “emission reduction units’ from joint implementation
(J) projectsamong Annex | Parties. Article 12 establishes the so-called “ clean development mechanism”
(CDM). Through the mechanism, Annex | countries will be able to obtain the certified emission
reductions from clean development projects jointly implemented with non-Annex | countries (i.e.,
developing countries), and use them to count towards meeting their commitments under the Kyoto
Protocol. In addition to the two project-based mechanisms, the Kyoto Protocol accepts the concept of
emissions trading in principle, under which one Annex B (an annex to the Kyoto Protocol that lists the
guantified emission limitation or reduction commitment per Party) country or its sub-national entities
would be allowed to purchase the rights to emit greenhouse gases (GHG) from other Annex B countries

or their regulated entities that are able to cut GHG emissions below their assigned amounts or their



targets. However, designing the rules and procedures governing these mechanisms has been deferred to
subsequent conferences. One year later, after two weeks of intense debate at the fourth Conference of the
Parties to the UNFCCC held in November 1998, Buenos Aires, delegates adopted the Buenos Aires Plan
of Action, an ambitious two-year work programme intended to make the Kyoto Protocol operative
(UNFCCC, 19994a). According to the Plan, decisions on rules governing these flexibility mechanisms are
to be made in the year 2000 at the latest.

This paper aims to estimate the size of the potential market for al three flexibility mechanisms
under the Kyoto Protocol over the first commitment period 2008-2012, both on the demand side and on
the supply side. In so doing, this study takes the year 2010 as representative of the first commitment
period, is based on Annex | countries national communications to the UNFCCC, and covers al six
greenhouse gases considered under the Protocol. As discussed earlier, the Protocol as it stands now
leaves many questions, including rules governing three flexibility mechanisms, open. Without clear rules
on how three flexibility mechanisms will be implemented in practice, any estimate will have to be
tentative. With the observations in mind, Section 2 estimates the potential demand in the GHG offset
market, based on compilation of the national communications from 35 Annex | countries. Given the great
policy relevance to the ongoing negotiations on the overall issues of flexibility mechanisms, Section 3
addresses supplementarity constraints and provides a quantitative assessment of the implications of the
EU proposal for concrete ceilings on the use of flexibility mechanisms for the division of abatement
actions at home and abroad. Using the 12-region’s margina abatement cost-based model, Section 4
estimates how many of the emissions reductions required of Annex | countries will be met through
domestic abatement actions, emissions trading and JI with other Annex | countries, and acquisitions of the
certified CDM credits from non-Annex | countries under the four trading scenarios respectively. To our
knowledge, this is the first comprehensive study to estimate the size of the potential market for Kyoto
mechanisms and quantify the implications of the EU proposal on the basis of the individua national
communications to the UNFCCC.

In writing the paper, we have taken a balanced approach combining the calculations with policy

analysis in order to put the numbers into perspective and thus facilitate the understanding of what the



numbers say. Wherever necessary we have compared our estimates with those from avariety of economic
modelling studies. Although not aimed to provide a completely rigorous explanation for the differences
between these estimates, such a comparison will indicate the range of such estimates and identify the

sources of the differences, thus providing the broad perspective on the issues examined.

2. Potential Demand for the GHG Offsetsin 2010

Annex | countries under the United Nations Framework Convention on Climate Change are Australia,
Austria, Belgium, Belarus, Bulgaria, Canada, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia, Lithuania, Luxembourg, the Netherlands,
New Zedand, Norway, Poland, Portugal, Romania, Russia Federation, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Turkey, Ukraine, the United Kingdom, and the United States. The Kyoto Protocol to the
UNFCCC sets differentiated emissions targets for these Annex | countries between 2008 and 2012,
except for Belarus and Turkey, either of which has not ratified the UNFCCC. Thus, this study will cover
all the above 35 Annex | countries with emissions targets.

Once the Protocol enters into force, the emissions targets will become legally binding. Because
emissions are expected to continue to rise under the business-as-usual and because the emissions targets
will not become binding until the first commitment period, the real reductions must thus be measured
against their projected business-as-usual (BAU) or baseline emissions levels over the commitment
period. So, the mandated reductions from projected baseline emissions levels represent the potential
demand in the GHG offset market. The question then arises: how big the size of the market on the demand

sideis?

2.1. The Size of the Potential GHG Offset Market on the Demand Side
Estimating the size of the GHG offset market involves three steps. The first step is to determine GHG
emissions for each Annex | country in the base year. The base year refers to the year 1990 for all the

Annex | countries, except for Bulgaria, Hungary, Poland and Romania. The decision 9/CP.2 allows the



four countries to use base years other than 1990: Bulgaria and Romania use 1989 as their base year;
Hungary uses the average emissions between 1985 and 1987; and Poland uses 1988 (UNFCCC, 1996).
Because emissions were higher prior to 1990, these base year adjustments have given these four
countries targets that are less stringent than suggested by Annex B. In accordance with the decision
9/CP.2, Annex | parties were required to submit their second national communications not later than 15
April 1998. At the third session of the Conference of the Parties, the Secretariat was requested to prepare
afull compilation and synthesis of the second national communications from Annex | parties. With these
information available at the web site of the UNFCCC Secretariat, the first step in essence involves
gathering data on inventory of greenhouse gas emissions from the second national communications
submitted by Annex | countries (or from an update of the second national communication in the case of
the Netherlands, or from the first national communications in the cases of Lithuania, Slovenia and
Ukraine) and the corresponding Secretariat’s second compilation. For many countries in the Eastern
Europe and the former Soviet Union that only provide aggregate emissions of CO,, CH, and N2O in their
inventories, see Zhang (1999) for estimates of their total GHG emissionsin 1990.

The second step is to determine the Kyoto target for each Annex | country in 2010. Annex B to the
Kyoto Protocol specifies the allowed percentage change from its 1990 level for each Annex | country
over the first commitment period 2008-2012. The emissions target is stated in terms of an average over
the commitment period of five years, not in terms of a specific year. The multi-year compliance is
designed to smooth out the effects of short-term events such as fluctuations in economic performance or
certain extreme weather conditions, and to provide Annex | countries with additional flexibility in meeting
their targets. This study takes the year 2010 as representative of the first commitment period. As set out
in column 5 in Table 1, the emissions targets that are expressed as the percentages relative to the base
year emissions levels vary among Annex | countries, particularly within the European Union following its
internal burden sharing of the Kyoto commitments among its member countries. By multiplying each
Annex | country’s emissionsin the base year by one plusits allowed percentage change from its base year

emissions level, we can obtain the Kyoto target in 2010 for each Annex | country. As indicated at the



bottom of column 5 in Table 1, the Kyoto commitments add up to a reduction of 5.2% below Annex |
countries’ base year emissions levels.

The third step in estimating the size of the GHG offset market on the demand side is to estimate
baseline GHG emissions for each Annex | country over the commitment period. We have drawn
projections for GHG emissions in 2010 from most Annex | countries national communications to the
UNFCCC. For Austria, Belgium, Estonia, France, Greece, Hungary, The Netherlands, Poland, Slovenia,
and Ukraine whose estimates of aggregate GHG emissions in 2010 are not provided, refer to Zhang
(1999) for estimates of their emissions.

For most OECD countries, their Kyoto targets are stringent than they appear at first glance. As
indicated in Table 1, emissions in most OECD countries were on a rising tragjectory during the period
1990-96 and are expected to rise under the business-as-usual trends. Relative to their BAU scenarios, the
targets imply a reduction of up to 28% for the United States, 23% for Japan, 19% for Canada, and 18%
for Australia. For the OECD excluding the EU as a wholeg, its total GHG emissions in 2010 under the
BAU scenario are expected to rise to 2714 million tons of carbon (MtC) equivaent, 25.6% above its
allowed level. Table 2 summarizes the emissions targets expressed as percentages relative to baseline
emissions in 2010 from a variety of economic modelling studies. Given the differences in the model
structures and the baseline emissions paths, it is not surprising that results differ somewhat. Our
projection based on compilation of the national communications for the US and Japan are slightly lower
than those from economic modelling studies. This is partly because our projections cover al six
greenhouse gases, whereas other economic modelling studies examined here, except for the SGM-based
study of Edmonds et al. (1998), focus only on CO, emissions. Because emissions of other greenhouse
gases but CO;, can be cut at lower cost, it would be more cost-effective to cut other greenhouse gases than
CO; emissions. Provided that the emissions target will be fulfilled by means of either of six greenhouse
gases as alowed under the Protocol, not surprisingly, less CO, emissions need to be cut than if the
required emissions reductions need to be fulfilled via CO, aone. Nevertheless, despite these differences
across studies, the insights that such OECD countries as the US and Japan face the large emissions gaps

between their emissions targets and the baseline emissionsin 2010 appear robust.



Tablel Annex | Countries GHG Emissionsin Base Y ear, Kyoto Targets, Projected Baseline Emissions,
Emissions Reductions Required and the Size of Hot Air in 2010

1990 1996 Kyoto target in 2010 Projected emissionsin Emissions Hot air in
2010 reductions 2010 (MtC)
requiredin
2010 (MtC)
Emissions Change | Emissions Change | Emissions Change
(MtC) | from 1990 (MtC) | from 1990 (MtC) | from Kyoto
levels (%) levels (%) target (%)
Non-EU& EIT 2298.1 2161.9 2714.3 25.6
Annex |
Countries
Australia 113.3 7 122.4 8 144.1 17.8 21.7
Canada 163.0 12 153.2 -6 182.4 191 29.2
Iceland 0.8 -4° 09 10 1.0 111 0.1
Japan 337.2 112 317.0 -6 388.2 225 71.2
New Zedand 19.8 3 19.8 0 22.9 157 31
Norway 15.0 7 152 1 17.3 138 2.1
Switzerland 14.6 0* 134 -8 145 8.2 11
United States 1634.4 9 1520.0 -7 1943.9 27.9 423.9
European Union 1159.5 1068.0 1095.9 2.6
Austria 21.6 0.5° 18.8 -13 20.3 85 16
Belgium 37.9 10 35.1 -7.5 41.6 185 6.5
Denmark 19.6 10? 155 -21 16.6 7.1 11
Finland 19.8 7 19.8 0 185 -6.6 13
France 151.9 1 151.9 0 152.5 04 0.6
Germany 329.5 -10 260.3 -21 266.9 25 6.6
Greece 28.7 9 35.9 25 32.8 14.3 31
Ireland 155 5 175 13 18.1 34 0.6
Italy 145.2 22 135.8 -6.5 129.6 -4.6 6.2
L uxembourg 3.7 -242 2.7 -28 18 -33.3 0.9




Netherlands 60.8 62 57.2 -6 70.6 23.4 13.4
Portugal 18.6 6° 23.6 27 22.4 -5.1 1.2
ain 82.1 82 94.4 15 98.6 4.4 4.2
Sp
Sweden 18.1 4° 18.8 4 20.4 85 1.6
United Kingdom 206.5 -5 180.7 -125 185.1 24 4.4
For mer Soviet 11135 1110.7 1032.2 -7.1
Union
Estonia 111 -43 10.2 -8 55 -46.1 47
Latvia 9.7 -462 8.9 -8 55 -38.2 34
Lithuania 14.0 n.a’ 12.9 -8 13.8 7.0 0.9
Russia 828.4 -31° 828.4 0 793.4 -4.2 35.0
Ukraine 250.3 n.a’ 250.3 0 212.0 -15.3 38.3
Eastern Europe 368.4 342.5 358.3 46
Bulgaria 371 -36% 34.1 -8 37.8 10.9 37
Czech Republic 52.4 -212 48.2 -8 52.9 9.8 4.7
Hungary 27.8 -242 26.1 -6 28.2 8.0 2.1
Poland 153.8 -22° 144.6 -6 160.3 10.9 15.7
Romania 72.2 -38° 66.4 -8 55.6 -16.3 10.8
Slovakia 19.9 =212 18.3 -8 18.2 -0.5 0.1
Slovenia 5.2 na’ 48 -8 5.3 10.4 05
Total 4939.5 4683.1 -5.2 5198.7 11.0 620.6 105.0

AThefigurein 1995; ° Thefigurein 1994; °n.a = not available,
Sources. See Text; Austria (1998); CEC (1999); Estonia (1998); Greece (1997); UNFCCC (19974, 1998a, 1999b); VROM (1998); Own calculations.



Table2 TheKyoto Targets as Percentage Changes Relative to Baseline Emissionsin 2010

United Western Japan Former Soviet | Eastern Europe

States Europe Union
Bohringer -28 -14 -26 48 na’
EIA -30 -16 -20 49 18
EPPA -31 -29 -34 14 -30
G-Cubed -30 -33 -21 na’ na’
GREEN -36 -22 -32 4 0
GTEM? -28 -25 -22 16 -24
SGM -29 -14 -33 26 na’
WorldScan -28 -29 -22 1 -10
Our projection -22 -2 -18 8 -4

4The figure for Western Europe is for Western Europe, Canada and New Zealand as awhole.
®n.a. = not available.
Sources. Bohringer (1999); Edmondset al. (1998); Ellerman and Decaux (1998); EIA (1999); Gielen and
Koopmans (1998); McKibbin et al. (1999); OECD (1999); Tulpuléet al. (1998); Own calculations.
Regarding to the European Union, however, there is a sharp difference between other economic
modelling studies and our projection based on compilation of the national communications. On the one
hand, other economic studies project that the EU faces alarge emissions gap as the US and Japan do. On
the other hand, our results indicate that there is no sharp discrepancy between the Kyoto targets and the
official projections of baseline GHG emissions in 2010 by all the EU member countries, except for the
Netherlands that has a large gap to make up the difference between its reduction target and projected
emissions levels in 2010. For the EU as a whole, its total GHG emissions in 2010 under the BAU
scenario are expected to rise to 1096 MtC equivaent, 2.6% higher than its allowed level. There are at
least three reasons for the low EU baseline projections. The first reason is internal burden sharing of the
Kyoto commitments among the member countries. The 15 member countries of the EU are each listed
with an 8% reduction from 1990 levelsin Annex B to the Protocol. In June 1998, the EU Council reached
an agreement under which the commitments are redistributed among its member countries under the
bubble provision as specified in Article 4 of the Protocol. This will now serve as the basis of EU
ratification and the redefined targets in Table 1 will become the “quantified emission limitation and
reduction commitments” for each EU member country under the Protocol. Comparing the differentiated
targets with the common 8% reduction commitments, we can see that the redistribution of the

commitments has allocated more assigned amounts to the countries, whose emissions are expected to




rise fast, than their allowed levels under the Protocol. The second reason is related to what is meant by
business-as-usual projections. The baseline projections by economic modelling studies do not include the
impacts of energy policies that are currently being either implemented or negotiated in response to
climate change. By contrast, the baselines projected by the EU member countries might have already
incorporated the intent to limit GHG emissions. By eliminating some projects that would have been
carried out anyway and/or subtracting emissionsinduced by energy subsidies and other market distortions,
the EU comes out the baseline projections close to the targets. The third reason is related to the choice of
base year. The UNFCCC has used 1990 as the base year. During the period 1990-96, CO, emissions rose
by 8.4% for the United States, by 14.3% for Japan, and by 9.5% for Australia, whereas the EU CO;
emissions rose only by 0.9% (Jefferson, 1997). During the negotiations leading up to Kyoto, there was
some discussion of moving forward the base year for al countries to 1995. In the end, efforts to make
such a change failed, although a 1995 base year was accepted for the three trace industrial gases whose
emissions comprise only a small share of total greenhouse gas emissions based on the 100 year global
warming potentials for greenhouse gases. The EU high emissions in 1990 base year, combined with
expectation for modest growth over the projection period, would put the EU projected emissions in 2010
closetoitstarget.

The situation in the former Soviet Union and Eastern Europe is quite different. The economic
transition led to a large decline in emissions as economies contracted and energy markets were
deregulated since the collapse of the Soviet Union. As indicated in Table 1, by 1995 GHG emissions in
these countries had declined to 20-46% below their base year levels. Although economies are projected
to begin recovering during the period under review, emissions in most countries with economies in
transition are expected to remain below their base year levels. For the bloc as a whole, its total GHG
emissions in 2010 under the BAU scenario are expected to be 1389 MtC equivalent, 4.5% below its base
year level. Thisleadsto the so-called hot air problem, an issue to be discussed later.

When an Annex | country is alocated assigned amounts under the Kyoto Protocol that are below
its anticipated emissions in 2010, it has to make up the difference in order to meet its Kyoto target. The

difference represents the country’s maximum potential demand for GHG offsets By adding up the

10



demand from the countries whose emissions targets are below their business-as-usua emissions, the
aggregate magnitude of emissions reductions required of Annex | countries, namely, maximum potential

demand for GHG offsets, is estimated to be 620.6 MtC equivalent in 2010.

2.2. The Size of Hot Air

In contrast with countries whose emissions targets are well below their business-as-usual emissions,
some countries are allocated assigned amounts under the Kyoto Protocol that exceed their anticipated
emissions requirements even in the absence of any limitation. When emissions trading were allowed,
these countries would be able to trade these excess emissions to other countries, thus creating the hot air
that would otherwise have not occurred. Because the transfer of the hot air does not represent any rea
emissions reductions by the selling countries, allowing to acquire the surplus from the selling countries
to meet the buying countries commitments makes the total emissions higher than what would be in the
absence of emissions trading, although not above the aggregate Kyoto targets.

As indicated in Table 1, the hot air problem is particularly acute in Russia and Ukraine whose
emissions are expected to remain below their 1990 levels until 2010. But the exact amount of hot air is
by its nature uncertain. This depends particularly on expectations for economic recovery and
developments in the energy sector in Russia and Ukraine. Because there is no agreement among experts
on these factors, estimates of the size of hot air from a wide range of studies, as summarized in Table 3,
vary. For example, the official Russian projections are based on optimistic expectations for economic
growth and continued use of outdated technology up to the year 2010. This will inevitably result in
emissions rising back towards its base year levels. As indicated in Table 2, the total GHG emissions in
2010 are expected to be 4.2% lower than that in 1990, and the size of hot air amounts to 35 MtC
equivalent accordingly. On the other hand, other studies seem less optimistic about economic recovering
than the officia expectations. Thus, they project the larger amount of hot air. The in-depth review team
estimates that by 2010 the total CO, emissions in Russia are expected to be 10% lower than that in 1990,

and the size of hot air amounts to 65 MtC accordingly (UNFCCC, 1997b). Among the economic

11



modelling studies examined in Table 3, the estimate based on the Emissions Prediction and Policy
Analysis (EPPA) model is at the lowest end. It projects that the size of hot air from the Former Soviet
Union amounts to 111 MtC (Ellerman and Decaux, 1998). At the highest end of estimates of the
magnitude of hot air is one derived from the Energy Information Administration (1999). It puts the

estimate at 374 MtC, with 324 MtC from the Former Soviet Union.

Table3 Estimates of the Amount of Hot Air in 2010 (MtC equivalent)

National EPPA? | GREEN? | IEA? SGM IIASA? EIA®
communications
Former Soviet Union 81 111 130 na® | 247 275 324
Eastern Europe 11 0 0 na’ 42 69 50
Totd 92 111 130 156 289 344 374

2 Only for CO, emissions; "n.a. = not available.
Sources. Edmonds et al. (1998); Ellerman and Decaux (1998); EIA (1999); IEA (1998); OECD (1999);
UNFCCC (19973, 19983, 1999b); Victor et al. (1998); Own calculations.

From Table 3, it can be seen that even if hot air is assumed to be used to the full extent, none of the
above estimates indicates that the size of hot air is sufficiently large that al of the advanced Annex |

countries can comply with their Kyoto targets merely through acquisitions of hot air. Thus, the remaining

demand has to be met through domestic actions and three flexibility mechanisms.

3. Supplementarity Constraints: A Quantitative Analysis of the EU Proposed Concrete Ceilings

Annex | countries demand for GHG offsets depends also on the extent to which the flexibility
mechanisms will be allowed to contribute to meet their Kyoto targets. Under the Kyoto Protocol, each of
the Articles defining the three flexibility mechanisms carries wording that the use of the mechanism must
be supplemental to domestic actions. Interpretations of these supplementarity provisions are still open to
guestion. At one extreme, the supplementarity clause could be interpreted as simply meaning that
domestic actions should provide the main means of meeting Annex | countries commitments, so that any

action abroad would be additional to domestic actions. At the other extreme, it could be interpreted as

12




meaning that any action abroad will be supplemental to whatever domestic actions are taken (Grubb et al .,
1999; OECD, 1999). Then the implication is that one Annex | country could use the flexibility
mechanisms to meet its Kyoto commitments as much as it wished.

Whether the supplementarity clauses will be translated into a concrete ceiling remains to be seen.
If this were a case, supplementarity should be an overall ceiling collectively imposed to al three
flexibility mechanisms (Haites, 1998a; European Union, 1999). Put another way, the issue of
supplementarity should be addressed together for al three flexible mechanisms. How, then, should a
concrete ceiling on the use of the three flexible mechanisms be defined? So far there have many
proposals. The most representative is the EU proposal. Documented as the Community Strategy on
Climate Change (European Union, 1999), the EU proposal calls for the limits on both buying countries
and selling countries. For a buying country, the maximum purchase for GHG emission reduction units via

all three flexible mechanisms can not exceed the higher of the following two alternatives:

5% of { (its base year emissions multiplied by 5 + its assigned amount)/2} or
50% of the difference between its annual actual emissions in any year between 1994 and 2002,

multiplied by 5, and its assigned amount.

The difference between the two alternatives is that the first is based mainly on the Kyoto
Protocol’ s quantified emission limitation or reduction commitments, whereas the second takes the actual
emission reduction effort of buying countries as its basis. One reason behind the two alternatives is that
industrialized countries whose emissions are already very high on a per capita basis should take the lead in
reducing their own emissions so that developing countries are encouraged to follow suit and take on
emissions commits at a later date. Another reason has been to urge Annex | countries to stimulate
technical innovation domestically by raising marginal abatement costs of buying countries, although it is
unclear to what extent a stimulus of increased technical innovation in buying countries would remain.
Motivated by alleviating the concern about hot air, the EU proposal also setsthe rule for a selling country.

Similar to the first aternative for a buying country, the EU proposal specifies that the maximum allowed
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sale for GHG emission reduction units via all three flexible mechanisms can not exceed the amount
calculated by: 5% of { (its base year emissions multiplied by 5 + its assigned amount)/2} . How severe are
the EU proposed concrete ceilings? In what follows, we attempt to quantify the implications of the
restrictions on both buying and selling countries.

Tables 1 and 4 give each Annex | country’s GHG emissionsin base year, the Kyoto target and the
baseline GHG emissions in 2010, and the difference between the baseline emissions and the target.
Section 2 provides the details of the derivation of these data. Applying the first alternative to each Annex |
country, we have cal culated the maximum allowed acquisitions in 2010 for those Annex | countries whose
emissions targets in 2010 are below their projected business-as-usual emissions. Asindicated in Table 4,
the aggregate magnitude of acquisitions in 2010 from al three flexibility mechanisms amountsto 170.4
MtC. Expressed as a percentage of the difference between the projected baseline emissions and the
targets, this number, on average, is calculated to be 27.5% under the first aternative. For the so-called
JUSSCANNZ countries (Japan, the United States, Switzerland, Canada, Australia, Norway, New Zealand),
an umbrella group that meets daily during the international climate change negotiations to exchange
information and discuss substance/strategy on issues where there is common ground, the aggregate
magnitude of acquisitions in 2010 from all three flexibility mechanisms amounts to 111.5 MtC.
Expressed as a percentage of the difference between the projected baseline emissions and the targets, this
number, on average, is 20.2% under the first alternative. For the EU as a whole, the corresponding figure
in 2010 is 110.4%.

In order to quantify the implications of the second aternative, we need to find the highest annual
GHG emissionsin any year between 1994 and 2002. To this end, we first examine the emissions data over
the period between the base year and 2005, which are documented at the second national communications
submitted by Annex | countries (or from the first national communications, in the case of Lithuania and
Slovenia) and the corresponding Secretariat’s second compilation. We found that the highest GHG
emissions appeared in 1994 for Lithuania, in 1995 for Austria, in 1996 for Belgium, Denmark, France,
Germany, Greece, Sweden, and United Kingdom. For those Annex | countries whose emissions are on a

rising trajectory, we follow the procedure discussed in Section 2 when estimating GHG emissions in
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2010, and estimate their emissions in 2002 in most cases by interpolating their projected emissions in
2000 and 2005. Applying the second alternative to each Annex | country, we have then caculated the
maximum allowed acquisitions in 2010 for those Annex | countries whose emissions targets are below
their business-as-usual emissions. As indicated in Table 4, the aggregate magnitude of acquisitions in
2010 from all three flexibility mechanisms amounts to 230.6 MtC. Expressed as a percentage of the
difference between the projected baseline emissions and the targets, this number, on average, is calculated
to be 37.2% under the second alternative. For the JUSSCANNZ countries as a whole, the corresponding
figures are 189.3 MtC and 34.3% respectively, whereas for the EU as a whole the aggregate magnitude of

acquisitionsin 2010 is 99.3% of the difference between the projected baseline emissions and the targets.
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Table4 Allowed Acquisitionsand Transfers of GHG Emission Reduction Unitsunder thetwo EU Ceiling Alter natives

Highest Baseline Allowed acquisitions Allowed acquisitions Maximum Allowed transfers
annud GHG in 2010 in 2010 acquisitions in 2010 under
GHG emissions under Alternative 1 under Alternative 2 in 2010 Alternative 1
emissions | minus
between thetarget | Volume | As% Volume | As% Volume | As% Volume | As%
1994 and in 2010 (MtC) baseline (MtC) basdline (MtC) baseline (MtC) basdline
2002 (MtC) emissions emissions emissions emissions
minus minus minus minus
the target the target the target the target
Non-EU&EIT
Annex |
Countries
Austrdia 129.9 21.7 5.9 27.2% 3.8 17.3% 59 27.2%
Canada 182.9 29.2 7.6 27.1% 149 50.9% 149 50.9%
Iceland 0.9 0.1 0.0 42.5% 0.0 0.0% 0.0 42.5%
Japan 380.2 71.2 16.4 23.0% 316 44.4% 316 44.4%
New Zedland 21.6 31 1.0 31.9% 0.9 29.0% 1.0 31.9%
Norway 16.7 2.1 0.8 36.0% 0.8 35.7% 0.8 36.0%
Switzerland 14.7 11 0.7 63.6% 0.6 59.1% 0.7 63.6%
United States 1793.6 423.9 78.9 18.6% 136.8 32.3% 136.8 32.3%
European Union
Austria 21.6 16 1.0 63.1% 14 87.5% 14 87.5%
Belgium 41.6 6.5 18 28.1% 3.3 50.0% 3.3 50.0%
Denmark 25.4 11 0.9 79.8% 5.0 450.0% 5.0 450.0%
Finland -1.3 1.0 76.2%
France 153.2 0.6 7.6 1265.8% 0.6 108.3% 7.6 1265.8%
Germany 297.3 6.6 14.7 223.4% 185 280.3% 185 280.3%
Greece 30.9 -3.1 16 52.1%
Ireland 16.9 0.6 0.8 137.5% -0.3 0.8 137.5%
Italy -6.2 7.0 113.3%

16



L uxembourg -0.9 0.2 17.8%

Netherlands 66.7 134 3.0 22.0% 48 35.4% 48 35.4%

Portugal -1.2 11 87.9%
Spain 93.0 42 4.4 105.1% -0.7 44 105.1%

Sweden 19.8 16 0.9 57.7% 0.5 31.3% 0.9 57.7%

United Kingdom 195.3 4.4 9.7 220.0% 7.3 165.9% 9.7 220.0%

Former Soviet

Union

Estonia -4.7 0.5 11.3%
Latvia -3.4 0.5 13.7%
Lithuania 12.2 0.9 0.7 74.7% -04 0.7 74.7%

Russia -35.0 414 118.3%
Ukraine -38.3 125 32.7%

Eastern Europe

Bulgaria 322 3.7 18 48.1% -09 1.8 48.1%
Czech Republic 45,9 47 25 53.5% -1.2 25 53.5%
Hungary 24.2 21 13 64.2% -1.0 13 64.2%
Poland 140.6 15.7 75 47 5% -2.0 75 47 5%
Romania -10.8 35 32.1%
Slovakia -0.1 1.0 955.0%
Slovenia 45 0.5 0.3 50.0% -0.2 0.3 50.0%
Tota 170.4 27.5% 230.6 37.2% 261.9 42.2% 70.2 66.9%

Sources: See Text; Austria (1998); CEC (1999); Estonia (1998); Greece (1997); UNFCCC (1997a, 19983, 1999b); VROM (1998); Own calculations.
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Comparing the maximum alowed acquisitions in 2010 under the two aternatives, and assuming
that countries would wish to use the higher alowed acquisitions in 2010, we can obtain the higher allowed
acquisitions in 2010 for each Annex | country’s whose emissions targets in 2010 are below its business-
as-usua emissions. The higher alowed acquisitionsin 2010 from all three flexibility mechanisms add up
to the aggregate magnitude of 261.9 MtC. On average, the number is equivalent to 42.2% of the
difference between the projected baseline emissions and the targets in 2010. For the JUSSCANNZ
countries as awhole, the corresponding figures are 191.6 MtC and 34.7% respectively, whereas for the
EU as a whole the aggregate magnitude of acquisitions in 2010 is 138.6% of the difference between the
projected baseline emissions and the targets.

The bottom line of the EU proposal for concrete ceilings is that at least 50% of GHG emissions
reductions must be achieved viadomestic actions. If this were applied to the Annex | countries as awhole,
the EU demand will be met because the aggregate allowed acquisitions in 2010 from all three flexibility
mechanisms under the above aternatives are well below 50% of the difference between the projected
baseline emissions and the target in 2010. However, the EU proposed restrictions to each country vary, in
some case even substantially. Although for magjor GHG emitters, such as the US and Japan, the second
aternative allows for a higher quantity of acquisitions than the first alternative, it is still very restrictive,
particularly for the US. Under either of the two alternatives, the US is not alowed to acquire more than
one third of the difference between its projected baseline emissions and the target in 2010. This is the
intended outcomes of the EU proposa. The outcomes themselves explain why the JUSSCANNZ
countries, particularly the US, disagree with the EU proposal.

On the other hand, the EU proposa allows, in percentage terms, some countries, particularly its
member countries, to undertake a significant amount of acquisitions. There are at least three reasons for
the high figures well above 100%, for example, for the United Kingdom (220%), Germany (280%),
Denmark (450%), and France (1266%). The first reason is related to certain extreme weather conditions
in some countries, which in turn result in sharp variations in GHG emissions. For example, due to low
hydroelectricity available from Norway and Sweden in 1996, Denmark used much more coal, the most

carbon-polluting fuel, than what would otherwise have been the case. Thisled to the large increase in CO;
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emissions in that year. As a result, the difference between its emissions in 1996 and its target in 2010
appears high relative to the gap between its projected baseline emissions and the target in 2010. The
second reason is related to projected baseline emissions in 2010. As discussed in Section 2, the officia
projections of baseline GHG emissions in 2010 by most EU member countries are very close to their
targets. Put another way, there are very small discrepancies between their baseline emissions and their
targets. As aresult, the allowed acquisitions are high relative to the gap between their projected baseline
emissions and their targets in 2010. This explains why, in percentage terms, many EU member countries
have a significant amount of acquisitions under either of the two aternatives. The third reason is due to
largely unrelated political events or policies of aone-off nature. Because of economies contracting and a
shift from coa to natural gas in the former East Germany following unification and the utility
privatization and reform of coal subsidies encouraging a shift from coa to natural gas in the United
Kingdom, for Germany and the United Kingdom their projected baseline GHG emissions in 2010 are
below emissions in 1990 and their highest annual GHG emissions in any year between 1994 and 2002
appeared in 1996. As aresult, the differences between their emissions in 1996 and their targets in 2010
appear high relative to the gaps between their projected baseline emissions and the targets in 2010. This
will lead to very high percentages for the two countries under the second alternative.

Following the same procedure as one in calculating the maximum alowed acquisitions, we have
calculated the maximum allowed transfersin 2010 for those Annex | countries whose emissionstargetsin
2010 are above their projected business-as-usual emissions. As indicated in Table 4, the aggregate
magnitude of transfersin 2010 amounts to 70.2 MtC. Expressed as a percentage of the total magnitude of
hot air, which amounts to 105.0 MtC asindicated in Table 1, this number, on average, is calculated to be
66.9%. Because of a large decline in GHG emissions in Russia since the collapse of the Soviet Union,
and, as discussed in Section 2, because the official Russian projections of baseline emissionsin 2010 are
very close to its base year levels, certain percentages of the sum of its base year emissions and the target
appear high relative to its size of hot air. Thiswill lead to very high percentage for Russia under the first
aternative. For Slovakia, its projected baseline emissions in 2010 are almost the same as its target. It is

thus not surprising that its allowed transfers are extremely high relative to the minor size of hot air. In
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addition, because some EU member countries project their baseline GHG emissions in 2010 below their
targets, they appear sellers, although, as discussed in Section 2, for reasons very different from those for
Russia and Ukraine. Depending to a large extent on the differences between their projected basdline
emissions and the targets in 2010, some EU member countries appear, in percentage terms, to have a
significant amount of transfers.

Now let ussummarize the implications of the EU proposal for the division of abatement actions at
home and abroad. In Section 2, the aggregate magnitude of demand for GHG offsets in 2010 has been
estimated to be 620.6 MtC. In this Section, we have estimated that the maximum allowed acquisitionsin
2010 from all three flexibility mechanisms amount to 261.9 MtC under the EU proposal for concrete
ceilings. If the EU proposal were adopted, the remaining amount of 358.7 MtC must be met in 2010 via
domestic abatement actions. In addition, because hot air is available at zero abatement cost, hot air is
assumed to be used to the full extent. Given that the amount of hot air alowed for sale in 2010 is
estimated to be 70.2 MtC, then the maximum net demand for acquisitions in 2010 from all three
flexibility mechanisms amounts to 191.7 MtC (261.9 MtC minus 70.2 MtC) under the EU proposal for

concrete ceilings.

4. Contributions of the Kyoto Flexibility M echanismsin 2010 under the Four Trading Scenarios

In order to meet the Kyoto targets, Annex | countries must reduce GHG emissions by 620.6 MtC in 2010.
Part of the needed reductions will take place domestically. The rest will come from emissions trading and
J with other Annex | countries, and acquisitions of the certified CDM credits from non-Annex |
countries. The relative differential between the marginal cost of domestic abatement and the international
price of emissions permits would apportion the total emissions reductions into domestic reductions and
the demand for GHG offsets. To this end, we need to determine the marginal abatement costs for al the
countries. Because it is a daunting task to estimate the marginal abatement cost for each individual
country, we do so at a regional level. We divide the world into twelve regions. The acronyms for the

twelve regions are given in Table 5. The first six regions are Annex | regions, whereas the other six are
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non-Annex | regions. In defining these regions, we have attempted to employ the minimal level of

disaggregation necessary for the purpose of this study.

Table5 Definitions of Countriesand Regions

Annex | countries and regions Non-Annex | countries and regions

1. US: United States 7. EEX: Energy Exporting Countries
2. JP: Japan 8. CN: China

3. EU: European Union 9. IN: India

4. OOE: Other OECD Countries 10. DAE: Dynamic Asian Economies
5. EE: Eastern Europe 11. BR: Brazil

6. FSU: Former Soviet Union 12. ROW: Rest of the World

Moreover, how the total emissions reductions required of Annex | countries will be met depends
on the extent to which the flexibility mechanisms will be allowed to contribute to meet the Kyoto targets.
This is the area that remains to be decided by the climate change negotiators. For the purpose of

illustration, we examine four scenarios here.

No limits scenario: No caps are imposed on the use of all three flexibility mechanisms;

50% reduction from BAU emissions scenario: The maximum alowed acquisitions from all three
flexibility mechanisms are limited to 50% of the difference between projected baseline emissions
and the Kyoto targetsin 2010;

The EU ceilings scenario: Just as the name implies, the scenario follows the EU proposal for
concrete ceilings on the use of al three flexibility mechanisms, as discussed in Section 3;

No hot air scenario: Trading in hot air is not allowed, indicating that any effectuated trading in GHG

emissions must represent ‘real’ emissions reductions.

4.1. The Divisions of Abatement Actionsat Home and Abroad
For countries whose emissions targets specified under the Kyoto Protocol are expected to exceed their
anticipated emissions requirements even in the absence of any limitation, we have estimated that these

countries in 2010 will have surplus assigned amounts of 105.0 MtC available for sale. Because hot air is
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available at zero abatement cost, hot air is assumed to be used to the maximum extent allowed, except for
under no hot air scenario. This means that, of the aggregate demand of 620.6 MtC in 2010, hot air
contributes to 105.0 MtC both under no limits scenario and under 50% reduction from BAU emissions
scenario, and 70.2 MtC under the EU ceilings scenario. Then, the remaining demand will be met via
domestic abatement actions and three flexibility mechanisms.

According to the 12-region’s marginal abatement cost-based model for determining the division of
abatement actions at home and abroad, which is discussed in detail in Appendix, even if no limits are
imposed on the use of all three flexibility mechanisms, not all the emissions reductions required of an
Annex | country will take place abroad. Thisis because even if no account is taken of ancillary benefits of
reducing GHG emissions, it is still in the interest of any buying country to reduce its own emissions as
long as the margina costs of doing so are lower than the prevailing prices of permits. Based on the
marginal costs of domestic abatement for the twelve regions, it is estimated that a reduction of 171.7
MtC, or 27.7% of the total needed emissions reductionsin 2010 will be met through domestic actions of
Annex | countries under no limits scenario (see Table 6). This is broadly in line with the finding of the
IPCC (1996) that reducing emissions by 20% from 1990 levels in developed countries within the next
two or three decades can be achieved domestically through no-regrets options. When trading in hot air is
not allowed, the international price of permitsincreasesin comparison with no limits scenario (see Table
7). As a result, the demand for permits abroad decreases, and more and more domestic abatement is
undertaken. Thisis confirmed in Table 6, which indicates that a reduction of 203.5 MtC, or 32.8% of the
total needed emissions reductions in 2010 will be met through domestic actions of Annex | countries
under no hot air scenario. Under 50% reduction from BAU emissions scenario, domestic actions
contribute, by definition, to 50% of the aggregate demand in 2010. It is worthwhile to point out that the
amount of abatement through domestic actions in 2010 under the EU ceiling scenario has been estimated
to be 387.8 MtC, larger than 358.7 MtC as estimated as the difference between the aggregate demand and
maximum allowed acquisitions in Section 3. This is mainly because the EU is allowed to purchase more
than needed. Put another way, it is less costly for the EU to abate part of the alowed acquisitions

domestically than to purchase them abroad.
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Table 6 summarizes estimates of the contributions of three flexibility mechanisms under the four
scenarios. It can be seen that the supply of certified CDM credits in 2010 ranges from 131.8 MtC under
the EU ceilings scenario to 292.1 MtC under no limits scenario and to 357.5 MtC under no hot air
scenario, respectively. In comparison with no limits scenario, the 50% of reduction from BAU emissions
restriction and the EU ceilings restriction would reduce the size of the CDM market by 42.1% and 54.9%,
respectively. Of the total emissions reductions required of Annex | countries in 2010, the supply of
certified CDM credits accounts for 21.2% under the EU ceilings scenario, 47.1% under no limits

scenario, and 57.6% under no hot air scenario, respectively.

Table6 Estimates of the Contributions of Three Flexibility M echanisms under the Four Trading
Scenariosin 2010

Scenarios Domestic Hot air Emissions CDM Tota supply
actions trading and JI

No limits 171.7 105.0 51.8 292.1 620.6

50% of reduction

from BAU emissions 310.3 105.0 36.1 169.2 620.6

EU ceilings 387.8 70.2 30.8 131.8 620.6

No hot air 203.5 0 59.6 357.5 620.6

Source: Own calculations.

Table7 Autarkic Marginal Abatement Costs in the No Trading Case, and Domestic Prices and
the International Price of Permits under the Four Trading Scenarios (at 1998 US$ per Ton of
Carbon)

Scenarios United States Japan European Other OECD International
Union price

No emissionstrading 160.1 311.8 9.1 334 -

No limits 9.6 9.6 9.6 9.6 9.6

50% of reduction

from BAU emissions 45.5 124.7 6.0 6.0 4.7

EU ceilings 79.0 144.3 35 9.7 35

No hot air 12.6 12.6 12.6 12.6 12.6

Source: Own calculations.

When there are no limits imposed on the use of flexibility mechanisms, the marginal cost of
domestic abatement for each region equaize, and there is no distinction between the international price

and domestic prices. Based on the model detailed in Appendix, the international price is calculated to be

23




US$ 9.6 per ton of carbon. This price is pushed up to US$ 12.6 per ton when trading in hot air is not
allowed. The increase in the international price is partly because any sales for permits by the former
Soviet Union are generated by no cost-free abatement undertaken to earn export permits additional to the
amount of hot air, and partly because preventing trading in hot air increases the OECD countries' demand
for certified CDM credits. When supplementarity restrictions are imposed on the acquisitions, the
purchases of permits are restricted. Thiswill push down the market price. Thus, the internationa prices of
permits are much lower under the two supplementarity scenarios considered here than under no limits
scenario. Moreover, because no account is taken of the differences in the marginal costs of domestic
abatement among the Annex | countries, al the countries are required to comply with the same
supplementarity rules. This could lead to a distinction between the international price and domestic prices
of buying countries. The lesser extent it is allowed to purchase permits abroad, the higher the domestic
prices, and hence the larger the distinction between the international price and domestic prices. As
indicated in Table 7, because the autarkic marginal abatement cost for Japan is highest, the EU proposed
restrictions lead to the highest ratio of the domestic price in Japan to the international price of permits.
On the other hand, because the official projections of baseline GHG emissions in 2010 by most EU
member countries are very close to their targets, the EU only needs to purchase a vey small amount of
permits to meet its targets. As a result, the supplementarity restrictions examined here on the EU are
much less severe than on Japan and the US. Consequently, domestic prices for the EU are very closeto or
even equal the international price of permits when the EU isallowed to purchase more than needed.
Because autarkic marginal abatement costs for the OECD countries excluding the EU are much
higher than the market price of permits, trading can help these countries to lower their compliance costs
by avoiding more costly domestic actions. The extent to which the compliance costs can be lowered
depends on the relative differential between the autarkic margina cost of the country in question and the
international price of emissions permits. In percentage terms, the countries whose autarkic marginal costs
are much higher than the market price will benefit more than those countries whose autarkic marginal
costs are closer to the market price. As indicated in Table 8, because Japan and the US have the highest

autarkic marginal abatement costs, the two countries benefit the most from trading both under no limits
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scenario and under no hot air scenario. Measured as percentages of the total abatement costs in the no
trading case, the abatement costs of Japan and the US are cut by 93.1% and 85.2% under no limits
scenario, and 91.0% and 81.0% under no hot air scenario, respectively. By contrast, because the autarkic
marginal costs for the EU are very closer to the market price, it achieves only small gains from trading
under the above two scenarios. Besides, restrictions on the use of flexibility mechanisms tend to lower
the gains from trading. For the OECD as a whole, the reductions in abatement costs, namely, the gains
from emissions trading, decrease from 86.5% under no limits scenario to 79.6% under 50% reduction

from BAU emissions scenario and further down to 66.0% under the EU ceilings scenario.

Table8 The Reductionsin the Total Abatement Costs under the Four Trading Scenarios (%)

Scenarios United States Japan European Union | Other OECD OECD
No limits 85.2 93.1 0.2 45.3 86.5
50% of reduction

from BAU emissions 81.1 77.4 19.1 68.8 79.6
EU ceilings 63.7 71.9 39.2 70.8 66.0
No hot air 81.0 91.0 2.3 335 82.4

Source: Own calculations.

4.2. The Size of the CDM Market and the Geographical Distribution

Multiplying the international price of permits by the supply of certified CDM credits from each non-
Annex | country and summing over al the corresponding product, we can derive the value of the CDM
market in 2010. As indicated in Table 9, our estimate ranges from US$ 456.9 million under the EU
ceilings scenario to US$ 4512.8 million under no hot air scenario. Subtracting their own abatement costs,
the net value of the CDM market in 2010, or the net gain of non-Annex | countries is estimated to be in
the range of US$ 244.6 million under the EU ceilings scenario to US$ 2559.1 million under no hot air
scenario. The finding that the net gain of non-Annex | countries is highest when trading in hot air is not
alowed indicates that to prevent trading in hot air, although in practice it is very difficult to distinguish
real emissions reductions from hot air, is beneficia to the expanding of the CDM market as well asto the

global climate. With respect to the geographical distribution of the CDM flows, because of agreat dea of
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low-cost abatement opportunities available in the energy sectors of China and India and their sheer sizes
of population, the two countries are expected to emerge as the dominant host countries of CDM projects.
Thisis confirmed in Table 9, which shows that about 60% and 16% of the total CDM flows go to China
and India, respectively. In contrast, because of relatively high abatement costs in its energy sector and
because our model does not include land use change and deforestation mitigation options, Brazil is
estimated to be asmall recipient of CDM funds. It, together with the remaining three non-Annex | regions,

accounts for only about 25% of the total non-Annex | countries’ exported permits to the Annex | regions.

Table9 TheValue of the CDM Market and the Geogr aphical Distribution in 2010 under the Four
Trading Scenarios

No limits 50% of reduction EU ceilings | Nohot air
from BAU emissions
CDM market (million US$) 2795.6 797.4 456.9 4512.8
of which:
China 60.28% 59.88% 59.63% 60.36%
India 15.08% 15.67% 15.92% 14.86%
Energy Exporting Countries 6.07% 5.57% 5.38% 6.28%
Dynamic Asian Economies 4.91% 4.49% 4.34% 5.09%
Brazil 0.25% 0.21% 0.20% 0.26%
Rest of the World 13.41% 14.18% 14.53% 13.14%
Net CDM market (million US$) 1565.0 432.4 244.6 2559.1
of which:
China 59.94% 59.43% 59.17% 60.09%
India 15.52% 16.06% 16.28% 15.30%
Energy Exporting Countries 5.71% 5.29% 5.15% 5.89%
Dynamic Asian Economies 4.61% 4.26% 4.14% 4.76%
Brazil 0.22% 0.20% 0.19% 0.23%
Rest of the World 14.00% 14.75% 15.07% 13.71%

Source: Own calculations.

Because the CDM has an important role in helping Annex | countries to meet their Kyoto targets at
alower overal cost, some studies have estimated the potential size of the CDM market. As indicated in
Table 10, these estimates vary. Assuming the contributions from domestic abatement actions and hot air
and dividing the remaining demand between emissions trading and Jl among Annex | countries and the
CDM within non-Annex | countries in proportion to the estimated potential of supply, Haites (1998b)

estimates that the size of the CDM market in 2010 ranges from 265 MtC under 50% reduction from BAU
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emissions scenario to 575 MtC under no limits scenario. The size of the market estimated by the four
economic modelling studies examined ranges from 397 MtC with the OECD GREEN model (Van der
Mensbrugghe, 1998) to 723 MtC with the EPPA model (Ellerman and Decaux, 1998). Austin et al.
(1998) argue that such estimates derived from these global modelling exercises tend to overestimate
CDM flows because, in practice, political limitations and transaction costs will probably keep CDM
activity at the lower end of such estimates. Of the studies examined in Table 10, the estimate by Vrolijk
(1999) is at the low end of the range. In absolute terms, our estimate is at the low to middle end. Thisis
mainly because, as indicated in Table 10, our estimate of total emissions reductions required of Annex |
countries, which is based on compilation of the national communications from 35 Annex | countries, is
lower than those estimates from economic modelling studies. As discussed in Section 2, the main reason
is that the official projections of baseline GHG emissions in 2010 by most EU member countries are
very closeto their targets, thus leading to low demand for emissions reductions. In percentage terms, our
estimate of the contribution of the certified CDM credits is broadly in line with other estimates. Our
upper bound estimate comes from no hot air scenario. If the supply of hot air is included as other
estimates from economic modelling studies do, then our upper bound estimate will come down to 47.1%

under no limits scenario.

Table10 Estimates of the Size of the CDM Market in 2010

Size of the CDM Total emissions reductions required Contribution of

market (MtC) of Annex | countries (MtC) the CDM
EPPA 723 1312 55%
Haites 265-575 1000 27-58%
G-Cubed 495 1102 45%
GREEN 397 1298 31%
SGM 454 1053 43%
Vrolijk 67-141 669 10-21%
Our projection 132-358 621 21-58%

Sources. Edmondset al. (1998); Ellerman and Decaux (1998); Haites (1998b); McKibbin et al. (1999);
Van der Mensbrugghe (1998); Vralijk (1999); Own calculations.

Can the CDM actually produce the amount of certified credits as we estimate here? Thisis not that

easy to answer, but experience with activities implemented jointly (AlJ) might give us some indications.
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The first Conference of the Parties to the UNFCCC in Berlin in April 1995 endorsed a pilot AlJ phase.
During the AlJ pilot phase, emission reductions achieved are not allowed to be credited to current national
commitments of investor countries under the UNFCCC. By the time (30 June 1998) of the UNFCCC's
second synthesis report on AlJ, 95 projects were listed as AlJ projects (UNFCCC, 1998b). These projects
arelocated in 24 host countries, with Africa hosting only one certified AlJ project. If al the projects were
fully implemented and operating as designed, they would generate a combined GHG offset of 162 million
tons of CO; equivaent, namely, 44 MtC equivaent, over an average lifetime of 16.5 years (UNFCCC,
1998b). Trandated into an annual GHG offset, it amounts to 2.7 MtC. By contrast, the projected
contribution of the certified CDM credits implies as much as a 100-fold increase in this type of project-
based activities. Although lack of adequate incentives for the private sector participation in AlJ project
financing limits the role of the AlJ, to achieve such a substantial scale of increase in the quantity of
emissions reductions, athough not impossible, poses great institutional challenges for developing
countries, given that most non-Annex | countries have not experienced an AlJ project within their own

countries.

5. Summary and Conclusions

The Kyoto Protocol incorporates emissions trading, joint implementation and the clean development
mechanism to help Annex | countries to lower the costs of meeting their Kyoto targets. To what extent
their compliance costs can be lowered depends on the size of the market for all three flexibility
mechanisms under the Protocol. Taking the year 2010 as representative of the first commitment period
and based on compilation of the national communications from 35 Annex | countries, this paper first
estimates the size of the market on the demand side. By adding up the demand from the countries whose
emissions targets are below their BAU emissions, the aggregate magnitude of emissions reductions
required of Annex | countriesin 2010 is estimated to be 620.6 MtC equivaent. In comparison with other
estimates ranging from 669 MtC to 1312 MtC, our estimate based on compilation of the national

communications is at the low end. This is mainly because the official projections of basdine GHG
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emissions in 2010 by most EU member countries are very close to their targets, thus leading to low
demand for emissions reductions. We point out that the low EU baseline projections are attributable in
large part to internal burden sharing of the Kyoto commitments among the member countries, having
incorporated the impacts of energy policies that are currently being either implemented or negotiated in
response to climate change, and to the choice of base year.

In contrast with countries whose emissions targets are well below their BAU emissions, some
countries are alocated assigned amounts under the Kyoto Protocol that exceed their anticipated
emissions requirements even in the absence of any limitation. The so-caled hot air problem is
particularly acute in Russia and Ukraine whose emissions are expected to remain below their 1990 levels
until 2010. By comparing with other estimates, we conclude that the official Russian projections based on
optimistic expectations for economic growth and continued use of outdated technology may
underestimate the amount of hot air available for sale. Nevertheless none of the existing estimates
indicates that the size of hot air in 2010 is sufficiently large that all of the advanced Annex | countries can
comply with their Kyoto targets merely through acquisitions of hot air.

Given that each of the Articles defining the three flexibility mechanisms carries wording that the
use of the mechanism must be supplemental to domestic actions, the supplementarity provisions have
been the focus of the international climate change negotiations subsequent to Kyoto. Whether the
supplementarity clauses will be translated into a concrete ceiling, and if so, how should a concrete ceiling
on the use of the three flexible mechanisms be defined remain to be determined. At the June 1999
Sessions of the Subsidiary Bodies of the UNFCCC, the EU has tabled a proposal for concrete ceilings on
the use of flexibility mechanisms. Given the great policy relevance to the ongoing negotiations on the
overall issues of flexibility mechanisms, the paper has provided a quantitative assessment of the
implications of the EU proposal. Our results suggest that if the bottom line of the EU proposal were that
at least 50% of GHG emissions reductions must be achieved via domestic actions for the Annex |
countries as awhole, the EU demand will be met because the aggregate allowed acquisitionsin 2010 from

all three flexibility mechanisms under the two aternatives are well below 50% of the difference between
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the projected baseline emissions and the target in 2010. However, the EU proposed restrictions to each
country vary, in some case even substantially.

Finally, using the 12-region’s marginal abatement cost-based model, the paper estimates how many
of the emissions reductions required of Annex | countries in 2010 will be met through domestic
abatement actions, emissions trading and JI, and acquisitions of the certified CDM credits under the EU
ceilings scenario as well as under other three trading scenarios. Our results suggest that, of the total
emissions reductions required of Annex | countries in 2010, domestic actions account for 27.7% under
no limits scenario, 32.8% under no hot air scenario, and 62.5% under the EU ceilings scenario. The
contributions of the certified CDM credits in 2010 are estimated to range from 21.2% under the EU
ceilings scenario to 47.1% under no limits scenario and to 57.6% under no hot air scenario. In absolute
terms, the supply of certified CDM credits in 2010 ranges from 131.8 MtC under the EU ceilings
scenario to 292.1 MtC under no limits scenario and to 357.5 MtC under no hot air scenario, respectively.
Although it is at the low to middlie end of those estimates derived from economic modelling studies, our
projected contribution of the certified CDM credits implies as much as a 100-fold increase in the type of
project-based activities in comparison with an annual GHG offset through the AlJ of 2.7 MtC. No doubt,
to achieve such a substantial scale of increase in the quantity of emissions reductions, athough not
impossible, poses great ingtitutional challenges for developing countries. With respect to the
geographical distribution of the CDM flows, we found that China and India account for about three-
quarters of the total non-Annex | countries’ exported permits to the Annex | regions. Besides, our results
clearly indicate that the use of flexibility mechanisms helps to lower the OECD countries' compliance
costs by avoiding their undertaking of more costly domestic actions. However, the magnitude of
reductions in compliance costs differs substantially among the OECD countries. In percentage terms, the
countries whose autarkic marginal abatement costs are much higher than the market price will benefit
more than those countries whose autarkic marginal abatement costs are closer to the market price.
Furthermore, our results demonstrate that restrictions on the use of flexibility mechanisms not only
reduce potential of the Annex | countries’ efficiency gains, but also are not beneficia to developing

countries because they restrict the total financial flows to developing countries under the CDM. Thus,
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from the perspective of husbanding the world’ s limited resources, the fewer the restrictions on the use of

flexibility mechanisms the gains from their use are greater.

Appendix: The 12-region’s Marginal Abatement Cost-based Model for Determining the Division
of Abatement Actionsat Home and Abroad

To start with, we assume that the marginal abatement cost function for regionii is of the quadratic form:
MCA =a,Q’ +hQ,
where MCA is the marginal cost of domestic abatement for region i, Q is the amount of greenhouse gas

abatement undertaken domestically in million tons of carbon, and a and b; are coefficients. By

integration, the total cost of domestic abatement, TCD;, is:
Qi
TCD; = daiqiz +hq;)dg = % aQ’+ % bQ? for every i. D
0

Denoting the total emissions reductions required of the Kyoto-constrained Annex | region i by D; and the
amount of hot air that is alocated to region i by Hi, the total autarkic abatement cogt, that is, the total

abatement cost in the no trading case, TCA;, iscalculated as

D,-H,
TCA = daiQiZ +Db,q;)dg, :%, a (D; - H;)® +}/2, b (D; - H,;)?
0
for i=US JP, EU, OOE, EE. (2)
Emissions trading hel ps aregion with high autarkic marginal cost to lower its compliance cost by avoiding
more costly domestic actions. In this case, the region undertakes domestic abatement Q; (Q; < D) at the
marginal cost
a,Q’ +bQ, =MCA for i=US JP, EU, OOE, EE, 3)
and meets the remaining demand (D; - Qi - Hi) via purchasing the “right to emit” at the international price

p. So, the total remaining demand of all purchasing regions, TD, is:

D=4 (D -Q - H,) i=US JP, EU, OOE, EE. 4)
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Measured as percentages of the total abatement costs in the no trading case, the reductions in abatement
costsfor purchasing regioni is:

G =TCA - (TCDi + p(Di - Qi - Hi))
! TCA

i=US JP, EU, OOE, EE (5)

where G is the gains from emissions trading for purchasing region i. On the other hand, for the Kyoto-
unconstrained region with lower margina cost, emissions trading provides it an incentive to undertake

abatement and sell to those higher cost regions at the international pricep
aQ’+bQ =p for i=FSU, EEX, CN, IN, DAE, BR, ROW. (6)
Thus, the total amount of emissions permits available for sale, TS, are:

TS=4Q i=FSU, EEX, CN, IN, DAE, BR, ROW, 7

of which, the value of the total non-Annex | countries’ salesfor permitsto the Annex | regions, that is, the

value of the CDM market, VCDM, is:

VCDM =3 pQ, i= EEX, CN, IN, DAE, BR, ROW. (8)

Subtracting their own abatement costs, the net value of the CDM market, or the net gain of non-Annex |

regions, NCDM, isderived as

NCDM =§ (pQ, - TCD,) i= EEX, CN, IN, DAE, BR, ROW. 9)

At the equilibrium, the total amount of demand for emissions permits are equal to the total supply so that

we have

aH, +TS=TD i=US, JP, EU,00E, EE, FSU. (10)

Using the EPPA model, Ellerman and Decaux (1998) have estimated the marginal abatement cost (at 1985
USS$ per ton of carbon) function for each of the above twelve regions. The results are given in Table 12. It
can be seen that the assumed cost functions fit very well to the results from the EPPA runs because R is
very closeto one. Inserting the estimated coefficients, we solve a set of the simultaneous equations (1) to

(10) using GAMS, awidely distributed nonlinear programming package (Brookeet al, 1996).
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Table 12 Coefficients of the mar ginal abatement cost functions of theform: MCA =a,Q* + b Q,

Region a bi R Region a b; R

USA 0.0005 0.0398 0.9923 EEX 0.0032 0.3029 0.9983
JPN 0.0155 1.8160 0.9938 CHN 0.00007 0.0239 0.9992
EEC 0.0024 0.1503 0.9951 IND 0.0015 0.0787 0.9970
OOE 0.0085 -0.0986 0.9981 DAE 0.0047 0.3774 0.9996
EET 0.0079 0.0486 0.9973 BRA 0.5612 8.4974 0.9997
FSU 0.0023 0.0042 0.9938 ROW 0.0021 0.0805 0.9967

Source: Ellerman and Decaux (1998).

This completes the summarized description of the general model. When it is used to examine the

following cases, some specific settings are involved.

A.NoLimits Scenario
Even if no limits are imposed on the use of flexibility mechanisms, it is still in the interest of a
purchasing country to abate its own emissions up to the point where the marginal cost of doing so is equal

to the prevailing price of permits. Thus, Eq. (3) merges with Eq. (6) so that we have
aQ’>+bQ =MCA =p for everyi. (11)
Thisimplies that the marginal cost of domestic abatement for each region is the same and that there is no

distinction between the international price and domestic prices.

B. Supplementarity Restrictions Scenarios

When a uniform formula defining the restrictions on the use of flexibility mechanismsis applied to all the
regions, some regions might be allowed to purchase more than needed. Put another way, it is more costly
for the regions to purchase part of the alowed acquisitions than to abate them domestically. To remove

the unnecessary part, we set Eq. (3) into
a; Qi2 +bQ =MCA 3 p for i=US JP, EU, OCE, EE. (12)

As aresult, aregion is going to purchase permits only if it becomes more costly to undertake emissions
abatement on its own. By contrast, for a region that is allowed to meet part of its commitments via the

purchase of emissions permits, it must rely on domestic abatement capabilities. The lesser extent it is
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allowed to purchase permits abroad, the higher the domestic prices, and hence the larger the distinction

between the international price and domestic prices.

C.NoHot Air Scenario
Under no hot air scenario, trading in hot air isnot alowed. Thus, Eq. (10) becomes

TS=TD. (13)
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