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CLUBS. CEILINGS AND CDM 

Chapter 4 Clubs, Ceilings a n d CDM 

4.1 Introduction1 

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 Annex I Parties (OECD countries and Economies in Transition) 
to reduce their overall greenhouse gas emissions by on average 5.2 % below their 1990 
levels in the five years after 2008. The commitments differ among the Annex I Parties 
- each party has a different level of so-called "Assigned Amounts" (AA's) of greenhouse 
gas emissions. The EU committed to 8%, the USA to 7% and Japan to 6%, while Australia, 
Norway and Iceland committed to levels above 1990 emissions and New Zealand 
stabilizes emissions. Of the Central European Countries listed in Annex I, most share 
the EU reduction target, except for Poland (6%), Hungary (6%) and Croatia (5%). Russia 
and the Ukraine have only committed to a stabilization at 1990 levels. 

The Parties to the FCCC have introduced three new instruments under the Protocol, 
allowing Parties (or entities) with emission limits to achieve emission reductions 
outside their national borders. There are three mechanisms for transferring the 
emissions internationally under the protocol: Joint Implementation (JI), International 
Emission Trading (FTR) and Clean Development Mechanism (CDM). 

• Joint Implementation (JI) concerns project-level credits, labeled Emission Reduction 
Units (ERU's) as defined in Article 6, transferable among Annex I Parties. 

» International Emission Trading (FTR), as defined in Article 17 of the Protocol, 
concerns transfer of the AA's among Annex I Parties, which are applicable in the 
first budget period, running from 2008 till 2012. The AA's are corrected for 
Certified Emission Reductions (CER) obtained from CDM projects. 

• Clean Development Mechanism (CDM) concerns CER's, as defined in Article 12, 
transferable from non-Annex I Parties to Annex I Parties 

The first two instruments can reduce the total costs of emission reductions within the 
Annex I region, because they create the option to realize reductions in those 
countries where marginal abatement costs are lowest. The third instrument is mainly 
an extension of this flexibility to the global level. Since costs of emission reduction are 
relatively low outside the Annex I area, this global flexibility should further reduce 
costs for Annex I Parties. 

The basic argument in favor of flexible instruments such as FTR and JI - their 
efficiency gains as compared to a situation in which each country has to achieve its 

1 This chapter is previously published as a paper by Bollen et al. (1999b). 

124 



CLUBS. CEILINGS AND CDM 

own reduction target domestically - are well-known and widely accepted (see IPCC, 
1996, for a review). The difference between FTR and ]I is that in the former case one 
uniform price of emissions will exist, while in the latter for each project a separate 
price might be negotiated. The uniform price in case of FTR will equal the marginal 
cost of reducing emissions in the Annex I region. The prices in case of JI will equal the 
marginal cost of reducing emissions in the individual projects, which are generally 
lower than the marginal costs of the whole Annex I region. In this chapter we will not 
focus on the potential difference between FTR and JI. Instead, we will take both 
mechanisms as parts of the same system with one uniform emission price. This comes 
down to assuming that permits resulting from JI projects are traded internationally, 
so that the price for these and AA's are uniform. 

The Protocol states that the contribution of FTR and JI should be "supplemental" to 
domestic action. Such an additional policy goal implies that restrictions might be 
imposed on the international trade in emissions in order to stimulate - or better: force 
- domestic action. Indeed, the European Union2 mentions 'concrete ceilings' on the 
flexible instruments. Although concrete can be interpreted in different ways, many 
interpret it as absolute ceilings on the amount of emissions that can be traded. 

Another type of limitation is reflected by the possible emergence of sub-groups of 
countries, restricting the emission trade to the members of this group. An example 
may be the Umbrella Group, consisting of Japan, the United States, Canada, and New 
Zealand and the Russian Federation. 

Our focus in this chapter will be the analysis of restrictions on trade in emission 
permits among Annex I regions and of extensions of trade to countries outside Annex 
I. In the analysis of restrictions both ceilings and trade within restricted clubs will be 
discussed. In that analysis we will focus on the impact of restrictions on burden 
sharing among Annex I countries. In the discussion of extensions of trade the 
certification of reductions resulting from CDM projects is a central issue, because non-
Annex I countries do not have overall emission targets. Therefore, in that analysis we 
focus on carbon leakage and global emissions. We use the applied general 
equilibrium model WorldScan to analyze the quantitative effects of ttie different 
cases. 

The rest of this chapter is organized as follows. Section 2 provides a general analysis 
of clubs, ceilings and CDM. Section 3 contains information on how we used 
WorldScan. Section 4 presents the results of the model simulations. Section 5 draws 
the main conclusions of the outcomes. 

1 The Environmental Council ol the European Community concluded in its 6 October meeting that 
"flexible instruments [...] are supplemental to domestic action, which should provide the main means for 
meeting the commitments". Furthermore, the Council also recalls that "a concrete ceiling on the use of 
flexible mechanisms is needed, which should be defined in qualitative terms, based on equitable criteria". 
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4.2 Restrictions and an extension on Emissions Trading 

In a fully competitive emission trading (FTR) system5, marginal abatement costs are 
equalized in all Annex 1 countries4. Within these countries there are no options left to 
reduce emissions at lower costs than the uniform price. This implies that total 
abatement costs for the Annex I are minimized. When emission trade is restricted, 
the marginal abatement costs will not be equalized across borders and the resulting 
emission reduction is less efficient than with FTR. Total abatement costs will exceed 
the minimum costs of the FTR system. The increase in abatement costs will not be 
equally distributed among the Annex I countries. Some countries may even gain from 
restrictions, while other countries lose5. This distributional effect is crucial in the 
coming international negotiations about the instruments that can be used to comply 
with Kyoto Protocol. It implies that these instruments affect the burden sharing, even 
when the Kyoto targets are maintained. In the first part of this section we will analyze 
in qualitative terms the distributional effects of restrictions on trade. We will discuss 
two forms of restrictions. In the first case trade is only allowed within certain clubs 
and not between the clubs. In the second case ceilings are imposed on the volume of 
imports or exports of trade in emission permits. In section 4 we will present the 
empirical analysis, based on simulations with WorldScan. 

The Kyoto Protocol also opens the possibility to extend emission trade to countries 
not belonging to Annex I through the CDM. Clearly, allowing emissions to be reduced 
via the CDM will lead to lower costs in Annex I as well as a change in the distribution 
of the burden, see Bollen and Gielen (1998) for the macro-economic consequences of 
extending the where-flexibility to non-Annex I countries. As the non-Annex I 
countries have no emission reduction targets, it poses some additional challenges 
related to industry relocation and carbon leakage. In the second part of this section 
we will focus on these challenges in qualitative terms. Again, in section 4 the 
empirical analysis is presented. 

3 This is unrestricted IET. In Box 1 it is explained how WS models region-specilic carbon taxes to meet the 
requirement of reaching a a target emission level. Secondly, Box 1 explains how emissions trading is 
modeled 

4 See IPCC (1996) for a concise overview of Die basic analysis of FTR, and the relevant literature. 

5 Besides (restrictions on) emission trade, also other factors determine the level of the burden (or individual 
countries. First of all the burden depends on the reduction target. A more ambitious target means a higher 
burden. Secondly, the burden depends on the business-as-usual baseline. The reduction targets in Kyoto are 
defined relative to a base year. The economic burden depends on the target in deviation from a business-as-
usual baseline without climate policies. Therefore, the expected economic burden is higher if countries are 
expected to grow fast from the base-year onwards. Thirdly, the economic burden depends on average 
abatement costs instead of marginal abatement costs. Even with equal marginal abatement costs and an 
equal reduction target, burdens may differ between countries because average abatement costs differ. 
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4.2.1 Two emission trading clubs 

To illustrate the impact of clubs and to mimic an influential stance in the current 
international negotiations, we assume that there will be two clubs. 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 - the low-price club. 

In the high-price club, the exporters of permits gain compared to a full trade case. 
They benefit from the fact that other exporters with lower marginal abatement costs 
are excluded from trade. That means that the exporters in the club can export more, 
against a higher price. The net importers in the high-price club suffer a loss 
compared to full trade, because their imports become more expensive. The reverse 
story goes for the low-price club. In that club importers will import more at a lower 
price compared to unrestricted trade. 

It is possible that importers in the full-trade case become exporters if they join the 
high-price club6. In that case the impact on the burden is ambiguous. The exports in 
the club are profitable, but those countries have to achieve their own target 
completely domestically and lose the opportunity to achieve the target through 
cheap imports. Similarly, exporters in the full-trade case may become importers if 
they join the low-price club. Also in that case the impact on the burden is ambiguous. 
These countries gain cheap options to achieve their target, but they lose profitable 
export opportunities. 

Clearly, as compared to a no-trade case, the clubs are a step forward towards higher 
efficiency: the overall costs are lower than if each country has to achieve its own 
target. In other words, clubs are Pareto-optimal compared to a no-trade case. 
However, clubs may also give rise to some serious problems. The change of relative 
burdens may lead to problems with the compliance and enforcement of the 
agreement. It may even lead to the desire to re-negotiate the targets. If burdens 
become more unequal, even if all burdens are lower compared to the no-trade case, 
this may lead to undesirable distortions in competitiveness of countries. 

4.2.2 Setting Ceilings 

The condition that FTR should be supplemental to domestic action has provoked 
proposals to put limits on FTR. The possible existence of hot air in the Former Soviet 

6 In the literature on custom unions this shift in the direction of trade flows is called trade diversion. We can 
see a club as a custom union, stimulating trade within the union and deterring trade with countries outside 
the union. 
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Union is often used as an argument to insist on domestic reduction of emissions in 
every Annex I region. Hot air exists if the emission target (AA) of a country exceeds 
the emissions in a Business-As-Usual (BAU) scenario, i.e. a scenario without additional 
environmental policies. Without ceilings on trade, the hot air will be supplied on the 
permit market. Importing countries will increase their emissions, while exporting 
countries - with BAU emissions levels below the AA - will not reduce their emissions 
but, instead, supply the "hot air permits". In this reasoning the gains from applying 
flexible instruments will be undermined by the potential increase of the global 
emission level. We will argue that ceilings on trade will not necessarily imply that the 
overall global emissions reduce. On the contrary, restrictions may have undesirable 
side-effects, leading to increased global emissions. 

We will analyze restrictions on imports and restrictions on exports. In all cases we 
assume that the price of internationally traded permits equals the marginal abatement 
costs of the unrestricted countries. E.g., in case of import restrictions the permit price 
will equal the marginal abatement costs in exporting countries. We implicitly assume 
that competition between many individual exporters keeps the price at marginal 
costs7. The exporters of permits will export less - because total demand is lower - thus 
reducing their domestic abatement efforts which leads to lower marginal abatement 
costs. In a competitive market for permits, these lower abatement costs are passed 
through in the price for traded permits. Therefore, these exporters suffer a terms of 
trade loss (lower export price, lower exports). The net importers experience a terms of 
trade gain because of the lower import price, but due to the ceiling also higher 
domestic costs. Domestic emission prices in restricted importing countries are higher 
than the permit price since these countries have to reduce domestic emissions more 
than in case of unrestricted trade. The domestic prices will differ among the restricted 
countries, depending on the domestic cost curves. 

Conversely, in case of export restrictions the permit price will equal the marginal cost 
of importing regions. These marginal costs will be higher than in the unrestricted 
case because importing countries have to reduce their domestic emission reductions. 
In other words, the restriction on exports pushes up the permit price, like e.g. in the 
oil market reduced supply leads to higher oil prices. All importing regions will have 
the same emission price, while emission prices in restricted exporting countries will 
be lower and differentiated. Compared to unrestricted trade importing countries 
suffer a terms of trade loss. They import less at a higher price. 

7 Marine & Richels (1998) refer to this case as a buyers' market in which buyers have the market power to 
push the price down to the marginal costs of sellers. We prefer the emphasis on competition between 
suppliers in stead of market power of demand, importing countries do not cooperate, they experience 
different domestic prices and the restrictions are not the result of monopsonistic optimizing behavior. The 
term buyers' market can also be confusing, since in disequilibrium economics this term is used in case 
sellers are restricted in volume terms because the fixed price exceeds the equilibrium price. 
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Ceilings will generally be inefficient and will have an asymmetric impact on the 
burden sharing. Clearly, when countries are rationed in their demand for emission 
permits, they will have to revert to domestic abatement options which have a higher 
marginal cost. Given that the abatement cost curves differ across countries, the 
marginal abatement costs will diverge again. 

While on average importing countries will face higher costs as a result of restrictions 
on trade, individual importing countries may actually gain compared to the 
unrestricted case. This is clear when a country is not affected by the restriction 
because it imports only a limited amount. The lower price for traded permits implies 
lower import costs. It even means that this unrestricted importing country can now 
import more than with fully competitive trade. This leads to less domestic abatement 
(so that ceilings have a perverse impact) and a decrease in the burden. Even when a 
country is slightly restricted, ceilings may lower its burden because of the lower 
import costs. At the same time, more restricted countries will experience a serious 
increase in the burden. These examples show how ceilings may have a asymmetric 
impact on the burden of countries. 

Ceilings are inefficient and they increase inequality, but do they prevent hot air from 
being used? Can they reduce global emissions? The answer to those questions is: 
probably not, they rather tend to increase global emissions. The reason is mat ceilings 
will likely increase carbon leakage to the country with hot air and to countries 
outside the Annex I area. 

Let us first consider the country with hot air. In such a country emissions remain 
below the target, even without additional environmental policies. However, the 
emissions depend not only on domestic environmental policies, but also on foreign 
policies. Environmental policies abroad will increase the price of foreign energy 
intensive products. That gives the country without additional environmental policies 
a comparative advantage in those markets. As a result, that country will increase 
energy intensive production and use some of its hot air. As we have seen above, the 
restrictions on permit trade will increase domestic emission prices in most importing 
countries. The resulting price increases of energy intensive products will induce more 
emissions in the country with hot air. So, hot air is used not directly through permit 
trade, but indirectly through trade in energy intensive products. 

This so-called carbon leakage is even stronger to countries outside the Annex I area. 
Higher costs as a result of inefficiencies induced by ceilings reduces competitiveness 
of most Annex I countries on energy intensive markets. Since countries that do not 
belong to Annex I are not restricted by formal targets, this carbon leakage will 
increase global emissions. 
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4.2.3 The Clean Development Mechanism (CDM) 

CDM investments are very similar to JI projects8. The aim of the investments is to 
reduce emissions in countries with low abatement costs. The investments are paid by 
countries with high abatement costs. In return, the funding country can add all 
certified reductions to its domestic emission target. Like Jl and FTR, CDM is an 
instrument to reduce global emissions in a cost-efficient way, i.e. to reduce emissions 
at locations where abatement costs are lowest. The main difference between CDM, as 
defined in the Kyoto protocol, and JI is that in case of CDM projects, the host country 
has no emission targets, while in case of JI the host country entered into the Annex I 
agreement. That difference makes the implementation of CDM more difficult and the 
impact more uncertain. Box 2 of the Appendix extends on the modeling details of 
CDM in WorldScan. 

The first problem with CDM is that it is difficult to assess a business-as-usual world 
without CDM subsidies. In a CDM project a technology may be subsidized that would 
be applied even without subsidy. In this case the subsidy will be a mere income 
transfer, instead of a tool to reduce emissions. That problem cannot occur with JI, 
because then the host country is forced to reduce its domestic emissions, since 
emission reductions contributed to JI are subtracted from the host country's assigned 
amount. 

A second problem with CDM is that, instead of lowering emissions, it may even 
increase emissions in the host country. Due to the subsidy, unit production costs of 
energy intensive production could decrease, so that the host country's output of 
energy-intensive industries can be expanded at the cost of other countries' market 
share. In that case lower energy intensity in the host country goes hand in hand with 
higher total energy use. 

CDM has also some advantages, compared to JI. First of all, the most efficient options 
for emission reduction can be found outside the Annex I region. Secondly, CDM may 
show countries outside the Annex I region the benefits of entering into a climate 
agreement, because CDM projects are profitable for the host countries. CDM could be 
an attractive first step towards a more global agreement on reduction of emissions. 
Given these advantages, it is worthwhile to explore the options for CDM projects, 
while minimizing the disadvantages. 

To avoid, or at least limit, the carbon leakage effects of CDM projects, the projects 
should probably be focused on the replacement of existing capacity by cleaner 
production technologies that can produce the same amount of products - e.g. the 

A difference with |I is that CDM is explicitly aimed at stimulating sustainable development, capacity 
building, technology transfer and financing adaptation. 
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replacement of a power station using coal by a power station which produces the 
same amount of electricity, but uses gas or other cleaner energy sources, could be an 
attractive CDM project. 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. 

In WorldScan, we therefore analyze CDM projects only in the form of investments 
that replace existing capital or change input intensities of existing capacity. Such 
investments are assumed not to affect the overall production capacity. For the 
investor, 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 
assigned amounts9. The incentives for the host country are determined by the 
revenues of the project. If the total costs of the project are paid by the investor, the 
host country will fully take advantage of the decrease in production costs. Production 
costs are reduced because the investments make the existing capital stock less 
energy-intensive. 

Although carbon leakage is reduced by focusing on existing capital, it cannot be 
completely excluded. For example, the replacement could increase future capacity if 
the life expectancy of the new capacity is longer than of the old one. Leakage can also 
occur if there are costless technology spillovers due to such investments to other 
investments in the host country. A third source of leakage is related to possible 
regional differences in energy prices. If part of the Annex I target is reached outside 
the Annex I area, non-Annex I energy demand is reduced, while Annex I energy 
demand is increased. The energy demand reduction in non-Annex I countries affects 
the regional energy markets. If energy markets are not entirely globalized (due to 
transportation costs, e.g. for coal) the lower domestic energy demand leads to lower 
domestic energy prices. These will lead to leakage (more energy use) within the non-
Annex I region. Investments outside the CDM projects will then become more energy 
intensive. 

9 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 die relevant period. Thus, 
when we analyze FTR in Kyoto"s first budget period we should be aware of the effects that such FTR has on 
the capital stock. Even after the end of the budget period, emissions will be lower than in the baseline 
because die capital stock has become less energy-intensive. By making the same assumption for CDM/|I 
projects, the policy cases are comparable. 
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Figure 4.1. 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 Northern Africa, 8: Rest of Africa, 9: Latin America. 10: China, 
1.1: Dynamic Asian Economies, 12: Rest Asia. The Kyoto agreement contains emission reduction 
targets for the regions 1 to 6 (the Annex I countries; in white). 

4.3 Model, baseline, and policy assumptions 

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

4.3.1 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 dynamic 
structure in which investment in physical capital stock is made every year with a one-
year planning horizon. Trade is modeled 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 - modeled as retrofit investments - while 
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the former is more easily adjustable. We refer to Geurts et.al. (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 I regions. These do 
not perfectly match the Annex groups, but make a fair approximation. Figure 4.1 
shows the world map with the WorldScan regions. 

4.3.2 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 Business-As-Usual (BAU) projection, which is 
shown in Figure 4.2. 

The increase of emissions is with more than 70 percent the largest in the Rest-of-the-
OECD region (ROECD). The reason is that Mexico is included in this region, which 
expands its economy and C02 emissions rapidly. Emissions in Western Europe (EU) 
are assumed to grow at a slightly higher rate than the USA emissions. The emissions 
in the Former Soviet Union (FSU) are only slightly above their 1990 levels, which 
results from assuming a fast recovery of the producing sectors after the decline in the 
1990 -1998 period. The recession in Central and Eastern Europe (EE) was somewhat 
less severe than in the FSU and started before 1990. Hence economic growth prevails 
for a longer time within the 1990-2010 period. The Annex I target of a 5% cut 
compared to 1990 levels amounts to a 22% cut compared to emissions in 2010. Our 
baseline scenario suggests that emission restrictions reductions are relatively severe 
for the OECD regions, due to strong economic and emissions growth in the baseline. 
Rather low growth in emissions in EE and FSU implies that their reduction targets are 
not very severe. For the FSU, the target under the Protocol could even not be binding. 

The main characteristics of this scenario are in line with the assumptions made for 
the High Growth Scenario in OECD (1997). In order to check for the robustness of our 
conclusions, we performed an uncertainty analysis by redoing the calculations of all 
the policy cases within the context of another baseline scenario. Some of the major 
characteristics of this alternative baseline scenario are presented in Appendix C. The 
major findings from these analyses will be presented in the result section if they 
diverge from the conclusions from analyses based on the baseline as presented in 
Figure 4.2. One example of a qualitative difference between the original and the 
alternative baseline concerns the so-called hot air. In the original baseline, emissions 
in the Eastern Europe and the Former Soviet Union are in 2010 not below their 
targets (AA's) and hence that baseline does not include hot air. In the alternative 
baseline, hot air exists for the FSU. 

4.3.3 Policy cases 

The policy cases as implemented in the WorldScan model are presented in Table 4.1. 
The Unilateral case (UNI) without permit trade is the extreme one in which all the 
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Table 4.1. Policy cases 

Case 

No trade 

Full trade 

Clubs 

Restricted trade 

Restricted trade 

Abbreviation Description 

A/77? 

FTR 

CLUB 

Mx 

Xx 

Clean Development CDM05 
Mechanism 

Kyoto targets, to be reached within Annex I by each 
model region separately. 
Kyoto targets, to be reached within Annex I with one 
emissions price and transfers based on Kyoto quotas. 
Kyoto targets, to be reached within Annex I with two 
trading clubs (EU/CE and the rest of Annex I), with 
transfers within clubs but not between clubs. 
Kyoto targets, to be reached within Annex 1 with an 
import constraint, i.e. each region may import permits 
u to x% of the quota 
Kyoto targets, to be reached within Annex I with an 
import constraint, i.e. each region may export permits 
u to x% of the quota 
95% of the Kyoto targets to be reached within Annex I, 
without trade among Annex I and with investment 
subsidies from Annex I to non Annex I equal to 
investment needed to reduce emissions. 

reductions have to be realized domestically. The other extreme is the Full Trade case 
(FTR) That case is the most flexible and efficient one, which ensures uniform marginal 
abatement costs tiiroughout the Annex I group. All the other cases lie between these 
two extremes, and should be considered as a restriction compared to the FTR case. 

The Club case is included in this analysis, because of the possible emergence of sub
groups of countries within Annex I - the so-called Umbrella Group, consisting of 
Japan, the United States, Canada, and New Zealand and the Russian Federation. The 
other group consists of Western and Eastern Europe. The Club case assumes two 
separate, but full trade permit markets10. Two carbon prices will emerge, and the 
divergence between the two prices point at the restriction compared to the FTR case. 

In the Ceiling cases, the restrictions on trade are formulated in terms of the 2010 
targets. As argued before, these restrictions will have different impacts on carbon 
abating countries. Both uniform import (M in Table 4.1) and export (X in Table 4.1) 
restrictions are imposed. Each region may only import or export permits as long as 
they do not exceed a certain percentage of its AA11. We have analyzed import and 
export restrictions equal to 10, 15 and 20 percent of the AA's. For the Annex I group 

A slightly different interpretation could be Lhat this is a case on extensive use of Joint Implementation 
projects. Several conditions have to be met. First, it should be assumed that JI will occur without any 
restrictions and dial the announced projects compete in a lull competitive setting. Second, the EU focuses 
its attention solely on potential projects in EE, and die other OECD countries focus only on the FSU. Otiier 
conditions should also be met. but are beyond the scope of this chapter and do not apply to the WorldScan 
model. But if these conditions apply then prices of the Emission Reduction Units will equal the carbon 
prices, and which will be presented in the result section. 
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Figure 4.2. Growth of Baseline Emissions in 1990-2010 period 
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as a whole, the relaxation of restrictions from 10 to 20 percent is just a gradual 
movement from the UNI case to the FTR case. For individual countries, however, 
further relaxation may imply a qualitative difference between binding and non-
binding restrictions. We will choose in the next section some of the Ceiling cases to 
illustrate this point. 

Finally, we also investigated the potential effects from extending flexibility beyond 
the Annex I region to the global level. This case is labeled as the CDM case, and is 
somewhat different from the other cases. It restricts trade up to 10% of Annex I AA's, 
and trade concerns Annex I Emission Reduction Units with non-Annex I countries. 
The CDM case leads to unilateral actions for all Annex I countries, and hence to 
different regional marginal costs12. But it will also lead to a uniform carbon price 
level in Non Annex I. 

; ' In the US example this means an upper limit equal to 10* of 1.4 Ct C. which is 0.14 Gt C For theEU this 
would be equal to 0.11 Gt C Alternatively, they could have been formulated as a percentage ol the 
difference between the region's BAU emission level and it's 2010 AA. If a 37% restriction on trade were to 
be imposed on the US. (heir upper limit on trade would be equal to 0.14 Gt C ( = 37% ' [ 2010 BAU level -
AA] ]. this would be equal to 0.099 Gt < for the EU. It can be seen that uniform trade restrictions yield 
different results tor the allowed cade in volume terms. The latter case will sureh yield constraints which 
will have less asymmetric impacts than the former. However, if uniform constraints will be imposed on 
trade, then its easier to negotiate and formulate them in terms of agreed targets, which are known in 
advance, whereas the latter option needs the information ol a future 2010 baseline emission level. 

12 Alternatively, we could have chosen to analyse CDM, in addition to Annex I permit trade, but then it would 
no longer be a restrictive trade case compared to the FTR case. However, the major conclusions we will 
draw will not be subject to the assumption of trade or no trade to the 903! oi Annex I's AA's. 
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4.4 S imula t ion results 

4.4.1 Free Trade versus No Trade 

Now we turn to the main results of the cases as simulated with WorldScan. We discuss 
the impact on realized emissions and the marginal cost of carbon abatement. 
Macroeconomic and sectoral changes are not explicitly shown, but they do, of course, 
determine the distribution of emissions and the level of carbon prices. Consider first 
the two extreme cases: no trade (UNI) and unrestricted trade (FTR). Figure 4.3 provides 
some key information about emission reductions in those two cases. The lower part of 
the figure shows the domestic emission reductions in the UNI case as percentage of 
the emission level in the business-as-usual scenario. The upper part of the figure shows 
the imported emission rights as percentage of the reductions realized in the UNI case. 

In the FTR case all OECD countries appear to be importers of carbon permits. The USA 
imports 45% of their reduction target, and the other OECD countries between 75 and 
80%. This means that the US will reduce 55% and the other OECD countries 20-25% 
within their own borders. Hence, even in a full trade system the OECD will make a 
significant effort to reduce their carbon emissions. The domestic reduction effort in 
the USA is relatively large, because their domestic abatement costs are lower than in 
the other OECD regions. This holds for 1990 (see IPCC, 1996) and even more so in 
future years. As can be seen from Figure 4.2, the USA emissions increase at a lower 
rate in the BAU scenario, and therefore reductions compared BAU are lower. This 

Figure 4.3. Upper part: Imported Permits in 2010 in AIT as % reductions in MR. 
Lower Part: Emission reductions in 2010 in NTR as *> HAU [-missions 
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Figure 4.4. Carbon prices in 2010 for all cases (in real 1992 USS/tC) 
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implies for the longer term that the regional differences of marginal costs of 

reduction will diverge more strongly compared to 1990. Not shown in Figure 4.3 is 

that both the EE and the FSU export permits to the OECD regions. 

Figure 4.4 presents for the USA and the EU the unilateral marginal costs of reduction, 

and the uniform carbon price - if applicable - in 1992 dollar prices per ton of Carbon 

(US$ / tC) in 2010. The comparison of UNI with FTR shows the efficiency of FTR. The 

uniform carbon price equals 20 US$ / tC which is much lower than the unilateral 

prices of the UNI case (100 US$ / tC and 50 USS / tC for the EU resp. the USA). Emission 

trading in FTR case leads to increased burden sharing through the side payments. See 

Gielen and Koopmans (1998), and Gielen and Bollen (1998) for a discussion on these 

topics. 

4.4.2 Restrict ing Trade: the e m e r g e n c e of clubs 

Figure 4.4 also presents the results of the club case. The group of the EU and EE is the 

high-price club, the USA and other Annex I countries belong to the low price group. 

Figure 4.5 presents for all cases the emissions in deviation from the BAU-scenario. 

These deviations are measured in Mt C. The figure shows e.g. that in the club case 

EE's exports rise with 60 Mt C compared to the FTR case. The higher demand for EE 

permits drives up the price. In that club, the EU suffers a loss compared to the FTR 

case, because the permit price is higher. Therefore, Figure 4.5 shows that the EU 

reduces more domestically than in the FTR case. The marginal costs of this domestic 

reduction equals the price of imported permits and is thus also higher than in case of 
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If] TJ vw 
Figure 4.5. Change in Emissions compared to Base in 2010 (Mt C). NTR, X15, M15. CDM05, M25, CLUB, AIT 
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unrestricted trade. Consequently, it is harmful for the EU to belong to the high price 
club and to be excluded from trade with members of the low price club. At the same 
time, the EE countries gain from the higher carbon price. 

Clearly, the low-price club also has winners and losers compared to the FTR case. The 
net importers (USA, ROECD and JAP) 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. At the same time the FSU loses from the Club option, since there is 
no longer the demand for permits by the EU. The total demand for permits will 
decline in the Umbrella group and reduce the price of permits, and the FSU will 
experience a terms of trade loss. 

4.4 ï Ceilings on International Emissions Trading 

Ceilings impose a constraint on the exports or imports of permits. Figure 4.6 presents 
the emission reductions in terms of the 2010 permit levels for several cases. E.g., the 
XI0 case assumes that exports are restricted to 10% of the emission target. This reduces 
overall trade in permits by 440 Mt C1! (equal to 75% of permit trade in the FTR case). 
The restriction is binding on the supply side for all exporting regions as Figure 4.6 
shows. The demand for traded emission permits will decrease because permit prices 

Figure 4.5, and compare the reduction ol exports in the FTR and the X10 case by F.EFSU compared to 
\ l case. The export reduction in volume terms equals [(725-160) - (285-160)] / (725-160) = 77%. 
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Figure 4.6. Net permit imports as share of assigned amount in 2010 (%, exports negative) 
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increase. The permit price will rise till it becomes equal to the marginal abatement 
costs in the importing countries. Importers will compete for permits and EE and FSU 
exhibit market power in their supply of permits. Because of the higher price, EE and 
FSU will experience a terms of trade gain, but they will export less in value terms14, a 
55% reduction compared to FTR. The importers in the FTR case which remain 
importers in the X10 case (the ROECD, JAP and the EU) will experience a loss. Their 
marginal costs will double (see Figure 4.4), and they will make a greater domestic 
effort to reduce domestic emissions (see Figure 4.5). The USA with its relatively low 
abatement costs, compared to the other OECD regions, now becomes a non-rationed 
exporter of emission permits. The reason is that their permits can be sold at a higher 
permit price in the international market. Because of these exports, their domestic 
reduction effort will increase (266 Mt C against 232 Mt C emission reduction in FTR). 

Now we turn to the import restrictions (see M10 and Ml5). In this case, the OECD 
regions will be restricted in their imports. They relatively gain in market power, 
because the suppliers are not constrained and remain fully competitive with each 
other. As stated before, regional marginal costs of the constrained players will differ, 
and the carbon price of the imported permits will equal the marginal costs of the 
unconstrained exporters. This is also illustrated in Figure 4.4. Hence the permit price 
drops significantly compared to FTR. 

This is equal to the expression in the previous footnote, but now weighted against the real permit prices, 
i.e. [(725-160)'20 - (285-160)*40] / [(725-160|"20]=55%. 
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Figure 4.7. Emission reductions (Ml C) in 21) It) compared to baseline - selected regions 
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In most cases all the OECD importers are constrained (Figure 4.6) and make a larger 
domestic reduction effort (see Figure 4.5). An exception is the USA in the M25 case. 
That restriction is not binding for the USA and their domestic reduction effort 
declines. Because the price of traded permits declines, the USA increases their 
imports, allowing for less reduction effort. That case shows that a restriction can be 
beneficial for the USA compared to the case with unrestricted trade. 

Restriction will always harm the EU because they will drastically increase their 
domestic marginal costs. That increase outweighs the advantage of lower prices of 
imported permits. The exporting countries will suffer from the import restrictions. 
They will export less against a lower price and thus suffer from a terms of trade loss. 

Summarizing, import restrictions will have different impacts on the importing 
countries, they turn out to be beneficial for the USA and a disadvantage for the EU 
and on the other end the exporters EE and FSU will suffer from a terms of trade loss. 

4.4.4 The Clean Development Mechanism 

Finally, we have analyzed the CDM assuming that there is no trading within Annex I. 
Looking at Figure 4.4, we see that the CDM projects offer opportunities to earn 
certified reductions that increase the domestic emission allowances. Because the 
marginal abatement costs are lower outside the Annex I, this implies that even EE 
and FSU now import permits. Carbon prices in the UNI case are higher than in the 
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CDM case. This is due to the realization of targets through CDM investments outside 
the Annex I. The prices decline for all regions, because of the less stringent domestic 
targets. 

Figure 4.7 presents the carbon emissions compared the UNI case, and it can be seen 
that CDM increases the global emissions. This carbon leakage is surprising and of a 
somewhat different in nature than in other cases. In other cases carbon leakage is be 
fueled by lower global energy demand and higher prices of energy intensive products 
in the Annex I region. Therefore, the use of efficient instruments like unrestricted 
trade reduces carbon leakage because it reduces the price of energy intensive 
products in Annex I. However, also in the CDM case the price of energy intensive 
products is lower, because the Annex I regions can impose lower carbon taxes. So, 
there must be another reason for leakage in this case. 

That reason is the existence of local energy markets. Because of CDM energy demand 
increases in the Annex 1 region and decreases outside the Annex I region, mainly in 
China that hosts the bulk of the CDM projects. Clearly, emission reduction in China is 
now substantial. But the input factors allocated to the energy supply sectors in China 
will not easily move away from these sectors. This results in a downward pressure on 
local energy prices. Transport costs and other impediments to trade prevent energy 
prices from equalizing across borders. As a result, China and other hosting countries 
experience lower energy prices even when global energy use increases, and energy-
intensive sectors in those countries will increase their energy demand. 

4.5 Uncertainty analysis and the Issue of Hot-Air 

In order to check for the robustness of our results and conclusions we conducted an 
uncertainty analysis. Alternative assumptions have been made with regards to the 
BAU emission profile of the EU, EE and FSU. The alternative baseline leads to a 21% 
increase of C02 emissions in the EU compared to 28% in the original BAU-scenario, 
and a decrease for EE and FSU by 7 resp 18% instead of the increases presented in 
Figure 4.2'5. Figure 4.8 presents the carbon prices in the different policy cases 
simulated on basis of the alternative baseline. The carbon prices in the EU in the 
unilateral case will go down compared to the previous baseline, and also the USA 
unilateral carbon price declines. The latter decline comes from the lower price 
distortion of the EU policy, which implies less reallocation of energy intensive 
industries to the competitors, and hence other OECD regions. This implies that the 
carbon policy in the USA can also be relaxed, resulting in a lower US carbon price. 
The prices of the FSU are zero, their emissions remain below the Kyoto target and 
thus so-called hot air exists in this case. 

15 The assumptions of the previous baseline hold, except for the technology. Technological growth of all 
sectors is lowered by a region specific fixed fraction. 
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Figure 4.8. Carbon Prices in 2010 for all cases in BAU2 (real 
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The import restrictions show a similar pattern as before but at lower price levels, i.e. a 
higher unilateral price for the constrained permit importing OECD regions. Moreover, 
since there is a restriction on the volume of demand for permits by constrained 
importers, also a lower trade price will emerge compared to FTR. However, if the 
import constraints are relaxed, now for both the EU and the USA the constraints will 
cease to be binding. And as can be seen from Figure 4.8, both regions will now gain 
compared to FTR. This does not hold for JAP and the ROECD, they will loose from the 
(relaxed) constraint. 

Figure 4.9 presents the change of emissions in 2010 compared to the alternative 
baseline. It shows that emissions in EE and FSU increase by 50 Mt C, due to carbon 
leakage of the OECD carbon policy. The striking result is that the existence of hot air 
in FSU does not change the conclusion that unrestricted trade reduces global 
emissions. In fact, global emissions in the FTR case are 100 Mt C reduction below 
global emissions in the UNI case. The explanation of this result is that the supply "hot 
air" permits reduces the price distortion in the FTR case. This implies less reallocation 
of energy-intensive industries to the Non Annex 1 and hence less carbon leakage to 
Non Annex I. It also implies less leakage to the FSU compared to the UNI case. These 
results suggest that the main reason for imposing ceilings on trade, i.e. to avoid abuse 
of "hot air", does not hold. This comes from carbon leakage to the FSU in the UNI case 
and there is less carbon leakage to non-Annex I if there are no ceilings on trade. 
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Figure 4.9. Change in emissions (Mt C) in 2010 compared to BAU2 
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4.6 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 I group as a whole and is beneficial for all regions. In a fully competitive 
market, regions with either relatively high or relatively low cost of abatement will 
gain the most. 

The reguirement that 10% of the emission targets (agreed assigned amounts) may be 
imported from abroad is restrictive for all OECD regions compared to the full trade 
case. Limiting trade will lead to diverging marginal costs across regions and the total 
Annex I abatement costs will be higher than in a fully competitive trade case. All 
Annex I regions will be harmed by such a restriction, although each to a different 
degree. Exporters can export less permits at a lower prices compared to unrestricted 
trade. Importers have to realize more domestic reductions at higher costs compared 
to unrestricted trade. The advantage of importers of lower prices of imported permits 
does not outweigh the higher domestic costs in this case. If the restriction is relaxed, 
e.g. to 15 %, the USA will gain compared to full trade, because the advantage of lower 
prices of traded permits gets the upper hand. Although the 15% restriction is still 
binding for the USA, their domestic reductions are smaller than in the full trade case. 
Consequently, not only the costs of imports, but also the costs of domestics reductions 

n 
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are lower for the USA. For other OECD regions a 15 % restriction of imports is still 
costly. 

Export restrictions are always harmful to important countries, because higher 
domestic costs are combined with higher import prices. Whether exporters gain from 
the restrictions, resulting in less exports against higher prices, depends on their 
domestic cost curves. 

When compared to full emission trade, two separate clubs of emission trading will be 
costly to the Annex I as a whole. Like in the case of ceilings imposed on imports or 
exports, the marginal abatement costs will diverge. Again, the USA is likely to gain 
from restrictions on trade. In this case their advantage is mainly that they are in the 
so-called low-price club. They can profit from low abatement costs in the Former 
Soviet Union, while Western Europe is excluded as a competitor for imports. Western 
Europe can only import from Central and Eastern European countries with 
abatement costs that exceed those in the FSU. Therefore, compared to unrestricted 
trade, clubs are inefficient and tend to change the burdens in an undesirable way. 
However, compared with a case without emission trade, clubs could provide a 
profitable step in the right direction. 

The analysis on clubs and ceilings shows that, although the guotas have been agreed 
in Kyoto, the burden sharing is still highly dependent upon the rules and guidelines. 
Unequal burdens will affect competitiveness and international trade patterns, which 
are becoming important issues in 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 unrestricted trade. The equality of 
marginal abatement costs across regions will not only lead to an efficient emission 
reduction. Perhaps more importantly, unrestricted trade is fair from a competitive 
point of view. It will even remove existing distortions, e.g. in the form of carbon taxes 
already implemented by some regions. 

The major difficulty with the Clean Development Mechanism (CDM) is the absence of 
national targets in countries that host the CDM-projects. This absence implies the 
possibility of carbon leakage to those countries. CDM-related carbon leakage can be 
reduced by focusing the CDM primarily on replacement investments, and on sectors 
which are sheltered from international competition. Such a focus inhibits a directly 
increased competition from the host countries on world markets for energy intensive 
products. However that condition is not sufficient to prevent carbon leakage. A major 
additional danger remains. That danger has to do with the functioning of regional 
energy markets. If the energy market in the host country is sheltered from 
international trade because of high transport costs or trade policies and if regional 
energy supply is price inelastic, then it will be difficult to reduce energy consumption 
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in the host country. That implies that credits given to Annex I regions because of 
CDM investments tend to increase global emissions, because they fail to achieve 
sufficient reduction of energy use outside Annex I. Since 
the majority of CDM projects will take place in China the coal market in China is a 
good example of the type of regional energy markets that matter. Only if that 
problem is solved, carbon leakage can be prevented. In that case CDM may even 
lower global emissions because it reduces the carbon price in Annex I and thereby 
reduces distortions on global markets for energy intensive products. 
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Appendix: International Emission Trading in WorldScan 

The discussion on ET, JI and 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 C02-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 egual to the volume (in tC) multiplied with the uniform shadow 
price (in S/tC). The box below shows the equations in the model to calculate the 
shadow price and the payments. 

The WS model calculates the equilibrium carbon shadow price P* using an iterative process, 
in which the value ol 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 = Sumr (EMr) r = countries in the abatement coalition (from 1 to 12) 
TAR = Sum,. (TARr) r = countries in the abatement coalition (from 1 to 12) 
EMr = Sum, (EM|r) f = coal, oil/gas 
EM, = EON, '3s (Q(s) s = energy demand sectors 
PD, = PSf + TAXf + CCT, 
CCT, = EON, ' CTAX" 
TRAr = CTAX * (EMr - TAR,.) 

with 
CTAX = the uniform carbon tax in USS / tC 
EMr = C02-emissions in tC of region r in the abatement coalition 
TARr = C02-permits in tC of region r in the abatement coalition 
EM,r = C02-emissions due to fuel f in region r in tC 
EQN, = CO^-emission factor of combusting fuel f in tC / GJ 
QD|s = demand for for fuel f by sector s in GJ 
PD( = user price of oil/gas and coal (S / G|) 
PS, = supply price of oil/gas and coal (S / GJ) 
TAX, = domestic taxes on oil/gas and coal ($ / GJ) 

With 1ET, the net transfers via the current account are determined by the difference between 
targets and realised emissions, and the carbon shadow price, as in 

TRANSEERr = (TARr - EMr) * CTAX 
with 
TRANSFER,. = the net transfers via the current account due to IET. 

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

WorldScan contains two options to change production technologies of existing 
capacity. One option is 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 it by 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 of location of 
CDM projects will be achieved in the model by assuming equal marginal costs of 
emission reductions. 

Retrofitting investments change input intensities, but do not alter the size of ou tpu t capacity. 
Substitution possibilities of retrofitting investments are specified as a CES function with a 
substitution elasticity of 0.5. This leads to the following isoguant. 

L = 
ccl,Kl 

where E 
R 

energy input after retrofitting 
retrofitting investments 

E0 energy input before retrofitting 
K0 capital stock before retrofitting 

In each region and each sector cost 
minimization, unde r restriction of the 
isoquant, de termines the optimal a m o u n t 
of retrofitting investments. In formulas: 
min! C = p e E + p k R 
where 

with 

= energy price, 
= capital cost 
= (r + d ) P i 

= real interest rate 
= rate of depreciation 
= price of investment goods 

This results in R', which minimizes the 
costs of retrofitting investments 
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The purpose of CDM is to reduce C 0 2 

emissions by financing retrofitting 
investments. Optimal retrofitting investments 
from this perspective are derived from 
minimization of a different cost function: 
min C = pc q E + pk R 
where p c (shadow) price of carbon 

emission 
q emission coefficient 

This results in R",equal to the optimal CDM 
investments 
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The actual retrofitting investments equal 

R = MOX\R ./? 1 

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]I = R - R" with 7 
Transfers to the host country are the yearly capital costs to finance the CDM-investments 

Jl 
if' where T transfers to compensate for CDM-investments 

r=fMX 
Emission rights tha t are earned because of CDM are computed as the addit ional emission 
reduction, compared to the situation with only normal retrofitting investments. 

Z = q [E(Rl') - E(R')] with Z emission rights, earned because of CDM 
Transfers from the donor countriesequal the regional share of GDP times the total transfers to NA-1: 

T =Y l~LY * Z / 
r a a a '' with a the subset of A-1 countries and q the NA-1 countries 
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