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Introduction and Summary

Global warming became a focus of public interest in the early 1970s. Since
then, the concern with this topic has constantly grown and spread from the
industrialized world to emerging and developing countries. This worldwide
spread is understandable, keeping in mind that Stern (2006) predicts a
mean global temperature increase of 2-5°C by 2035 in the absence of counter
measures. Such an increase is associated with climate change, implying
weather extremes, sea level rise and desertification, which may in turn lead
to crop failure and forced migration. The consequence of this will be losses
in economic output and public welfare, making questions on climate change
a topic for economic research. Island states and countries in the southern
hemisphere, which are often emerging and developing countries, can be
expected to face the majority of the disastrous consequences associated

with global warming. This explains their joining in the concern.

While controversial in the past, it is now commonly agreed upon that man-
made C'Oy-emissions cause the global warming observed today. Acting
upon this threat, the industrialized world started to engage in inter coun-
try negotiations on emission caps. In 1997, these negotiations led to the
Kyoto Protocol. In the Kyoto Protocol, many industrialized countries com-
mitted themselves to emission control.! Others, mainly the emerging and
developing countries did not agree on any commitment, but ratified the

protocol.

Even though there is no commitment by emerging and developing coun-
tries, the Clean Development Mechanism (CDM) introduced in Article 12
of the Kyoto Protocol manages to include the developing world in global

abatement efforts. The CDM enables public or private entities from indus-

IThese commitments are then passed on to the firms under the jurisdiction of the
respective country and constitute the firms’ abatement obligations.
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trialized countries to set up or invest in abatement projects in the develop-
ing world. All projects that bring about emission reductions compared to
the counterfactual emission level that occurred in the absence of the CDM
are admissible. The reductions associated with a CDM project are then
paid out to the investing entity in the form of Certified Emission Reduc-
tions (CERs). These CERs can be sold on the market for CERs or used to

offset the entities’ domestic abatement obligations.

The CDM makes use of the fact that emission abatement is a global public
good, i.e. the location where the abatement is realized is irrelevant. Thus,
abatement can be carried out wherever it is cheapest. Typically, abatement
is cheapest in emerging and developing countries either because production
costs are smaller or because abatement opportunities, all ready taken on at
home, are still available. Thus, entities from industrialized countries facing

an abatement obligation benefit from the CDM.

Therefore, the mechanism has grown to be the largest Green House Gas
(GHG) offset mechanism worldwide (Kachi et al. 2014) and is expected
to have generated around 3 billion CERs by the end of 2015, since its

introduction in 2001.2

Despite this frequent use, politicians, interest groups and scholars have
raised concerns about the CDM ever since it was introduced in Article 12
of the Kyoto Protocol. The concerns mainly revolve around the environ-
mental integrity of the mechanism. Most prominent in the discussion are

the additionality and the low-hanging fruits problem.

Emission reductions generated under the CDM are supposed to be addi-
tional. Being additional means that the reductions would not have occurred
in the absence of the CDM. To ensure additionality, abating firms have to
state the hypothetical baseline emission that would materialize in the ab-
sence of the mechanism and to specify how and by how much their abate-
ment project reduces these emissions. The host country’s government has
to agree to this and a subcontractor working for the UNFCCC’s executive
board has to verify the emission reduction. Then, CERs are paid out for

every metric tonne of C'O, equivalent reduced. However, despite the ver-

2See  the CDM  statistics on the web-page of the UNFCCC:
http://cdm.unfcec.int /Statistics/Public/ CDMinsights/index.html.
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ification measures, the baseline emissions remain hypothetical. Therefore,
it might well be that some of the abatement occurring under the CDM is
non-additional. Non-additionality implies that the Kyoto target is diluted.
This happens if CERs from non-additional projects are used to offset the
domestic abatement obligation and domestic emissions can increase for ev-
ery CER. Then, overall emissions increase rather than decrease (see Greiner
and Michaelowa 2003).

The low-hanging fruits problem arises when CDM abatement crowds out
a developing country’s own abatement. When developing countries them-
selves want to commit to abatement obligations in the future, the only
abatement options left are the expensive ones. This coincides poorly with
the mechanism’s goal of supporting clean development. See Rose et al.
(1999) and Narain and van’t Veld (2008) on the low-hanging fruits prob-

lem.

Mainly calling on the concerns mentioned above, some governments dis-
cussed and introduced restrictions on the import of CERs. These restric-
tions can take the form of quantitative limits for CER imports or of dis-

counting CERs compared to domestic emission reductions.

A last note on the relevance of the CDM might be in order. Admittedly,
CER prices have plummeted just like the prices for domestic emission cer-
tificates did, and there are voices that predict the CDM’s fade into irrele-
vance. However, as long as C'Oy-emissions are worryingly high and global
warming constitutes a problem, an abatement need will remain. With
an abatement need, there will be demand for market mechanisms and for
cheap abatement opportunities. Even if this demand should be met by a
new mechanism or through bilateral agreements, as is currently the case
in Japan (Kachi et al. 2014), the questions I address regarding the CDM,
in particular the welfare effects of cross border abatement and the implica-
tions of restricting abroad abatement with a quantity limit or an allowabil-
ity rate or discount, remain relevant and would be worthwhile to consider

when designing alternative options.

In the three chapters of this thesis, I formally analyze the implications
of the CDM itself and of the import restrictions imposed on CERs. In

Chapter 1, I start with a welfare analysis. Chapters 2 and 3 go into more
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detail and consider the cause and effect of the observed import restrictions
for CERs. In Chapter 2, I consider a monitoring problem as a possible
economic explanation for the observed import quota. In Chapter 3, I look
into the effects of a CER discount on the equilibrium allocation of domestic
and abroad abatement. The following paragraphs provide a more detailed

preview of the three chapters.

Chapter 1 analyzes how the CDM affects the international provision equi-
librium of GHG abatement and the welfare of the industrialized and devel-
oping countries involved. In this chapter, I apply a non-cooperative Nash
game in a public goods provision framework. In this framework, an indus-
trialized and a developing country privately contribute to the global public
good: emission abatement. While both, the industrialized and the devel-
oping country can contribute and are assumed to have a positive valuation
for abatement, I assume that this valuation is larger for the industrialized

than for the developing country.

The results from the public goods game suggest that the CDM, i.e. allowing
the industrialized and the developing country to abate on the developing
country’s soil, increases the welfare of them both. However, whose wel-
fare experiences the larger increase crucially depends on which of the two
countries has access to the least expensive abatement opportunities in the
developing country (i.e. it depends on whether or not the additionality
principle is fulfilled). Not having access to the least expensive abatement
opportunities in the developing country allows each country to commit to
little abatement. Hence, given a choice, each country would choose to allot

this access to the other country.

As mentioned above, the idea behind the CDM was not only to gener-
ate low cost abatement options for industrialized countries, but also to
include the developing countries in worldwide abatement efforts and to
channel investment into abatement from the industrialized to the devel-
oping world. However, the results in Chapter 1 suggest that both goals,
spurring abatement efforts by developing countries and investment flows
from the industrialized world into developing country abatement, might be
difficult to reach at the same time. Which of the two is more likely to be

realized depends, like the size of the welfare effect mentioned above, on who
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has access to the least expensive abatement opportunities in the developing

country: the developing country itself or the industrialized country.

In Chapters 2 and 3, I turn to the question of restricting the use of CERs
and analyze the implications of such restrictions. From an economic view
point, it is a priori unclear why the restrictions on CERs should be suitable
measures to deal with the additionality or the low-hanging fruits problem.
At first glance, they simply make the CDM that was intended to be an

efficiency increasing market mechanism less efficient.

Yet there might be an economic explanation for imposing restrictions on
the use of CERs. For the industrialized country’s government, abroad
abatement is less observable than domestic abatement. This generates a
monitoring problem for the government when the CDM is used. Chapter 2
analyzes whether or not the observed discrimination of abroad abatement
by means of a quota can be explained with this monitoring problem re-
garding abroad abatement. I use a classical monitoring framework with
one government and one firm, building on Becker (1968). This classical
model, I extend by a cost minimization problem subject to a minimum
abatement constraint and introduce heterogeneous observability for abate-
ment generated in different regions. Furthermore, I allow the government to

introduce a quantitative limit on the use of abroad abatement certificates.

Chapter 2 finds that the government can implement the first best abate-
ment allocation even under incomplete information regarding abroad abate-
ment. However, it shows that, starting from a scenario without any quota,
welfare increases when a strictly positive quota is introduced, shifting some
abroad abatement home compared to the first best allocation. This shift
reduces the efficiency of the allocation but, at the same time, increases the

firm’s incentive to comply, thereby reducing the monitoring cost.

Whether the government wants to shift all of the abroad abatement home or
wants to allow for some abroad abatement depends on the monitoring cost,
the fine, the abatement obligation and the cost of the last domestic and the
first foreign unit of abatement. The smaller the monitoring cost, the larger
the fine and the abatement obligation, the higher the cost for the last unit
of domestic and the lower the cost for the first unit of abroad abatement,

the more likely is it that the government allows abroad abatement.
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The use of a quota for CERs can, evidently, be justified by the existence
of a monitoring problem regarding abroad abatement. But what about a
discount/an allowability reduction? The literature commonly finds that
quantity and price instruments are equivalent. In this context Weitzman
(1974) considers the effect of emission standards versus pollution taxes
and Pizer (1997) looks into the effect of taxes on emissions versus permits
for emissions. Both claim that for every quantity instrument there is a
price instrument inducing the same results, unless there exists, for example,

uncertainty over costs.

Likewise, in my case, for a discount /an allowability reduction, there is a cor-
responding reduction in the total abatement obligation such that the com-
bined policy (allowability reduction plus reduction in abatement obligation)
leads to an equivalent outcome as a given quota. However, politicians never
considered decreasing the abatement obligation along with the allowability
of abroad abatement. This implies that in the scenario at hand, opposing ef-
fects on the abatement allocation resulting from discount/allowability rate
and quota can not be ruled out. Therefore, Chapter 3 analyzes how an al-
lowability reduction for abroad abatement certificates affects the allocation
equilibrium of domestic and abroad abatement. It further asks whether or
not abroad abatement necessarily decreases following the allowability re-
duction and, if not, under which condition the allowability reduction might
actually increase abroad abatement. Moreover, Chapter 3 studies whether
or not reduced allowability of CERs can address the additionality and the
low-hanging fruits problem. Chapter 3 employs a cost minimization frame-
work with a representative firm facing a minimum abatement constraint.
Comparative statics with respect to the allowability rate show that both
the effect on domestic abatement and the effect on abroad abatement can
be decomposed into a substitution and a quantity effect. While the substi-
tution effect measures the change stemming from the compensated relative
decrease in allowability, the quantity effect measures the change resulting
from the increased need for abatement when previously used CERs are less

allowable.

For domestic abatement, both substitution and quantity effects work to-

wards an increase, such that domestic abatement increases as allowability
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decreases. The effect on abroad abatement, however, is ambiguous. While
the quantity effect again works towards an increase, the substitution ef-
fect points towards a decrease. Which of the two dominates the other,
and therefore the direction of the overall effect, depends on the policy ad-
vantage at home weighted with domestic relative to abroad equilibrium
abatement and the abatement elasticity of marginal domestic abatement
costs. Chapter 3 shows that, under plausible assumptions, abroad abate-
ment can increase following a relative decrease in the allowability of CERs.
The results are robust to the introduction of a secondary market for emis-
sion certificates as long as the price is endogenous, i.e. it reacts to changes
in the allowability of CERs.

As mentioned above, restrictions on CERs are commonly justified with the
additionality problem and the low-hanging fruits issue. Regarding the goal
of weakening the additionality problem, my results are in line with the
policy maker’s intention. Effective emission reductions increase with an
allowability reduction and the CDM moves from pure offsetting to actual
GHG abatement. However, the low-hanging fruits issue might become more
severe as allowability is reduced. I find that abroad abatement does not
necessarily decrease reacting to an allowability reduction, but might also
increase. When crowding out is an issue, it worsens with increasing abroad

abatement.

Furthermore, as foreign abatement does not necessarily decrease follow-
ing an allowability reduction, my results suggest that a quota on abroad
abatement, as employed in Chapter 2, is (weakly) superior to an allowabil-
ity or discount rate when it comes to addressing the monitoring problem

regarding abroad abatement.



Chapter 1.

Cross Border Abatement and its
Welfare Effects

1.1. Introduction

In international climate policy, the Kyoto Protocol marks a milestone for
the global coordination on fighting Green House Gas (GHG)-induced cli-
mate change. This chapter analyzes a special feature of the Kyoto Protocol,
the Clean Development Mechanism (CDM).? After the European Union
Emission Trading System, the CDM is the world’s second largest market
for emission permits, both with respect to usage and issuance of emission
permits.* The CDM enables industrialized countries to offset Green House
Gas emissions, not only at home but also in developing or emerging coun-
tries, abroad. Emission credits, which industrialized countries earn for their
abatement abroad, can be counted against the countries’ national emission
reduction obligations. This chapter provides a detailed description of the
Clean Development Mechanism and of how it works before it examines how
the CDM affects the international provision equilibrium of GHG abatement

and the welfare of the countries involved.

To model the strategic interaction between an industrialized and a de-
veloping country and to derive the abatement equilibrium, I use a non-

cooperative Nash game in a public goods provision framework. In this

3This chapter is based on Aresin (2013), Max Planck Institute for Tax Law and Public
Finance Working Paper No. 2013-04.
4See Newell et al. (2013).
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analysis, environmental protection in the form of emission reduction is
seen as a global public good that is privately provided by, both the indus-
trialized and developing/emerging country. Both countries can contribute
to global abatement, and both countries are assumed to value abatement
positively, but the industrialized country assigns a higher value to emission

reduction than does the developing country.

The results from the public good game show that both the industrialized
and the developing country have greater welfare with the CDM than with-
out it. In addition, I find that under the CDM, i.e. for cases in which the
industrialized and the developing countries can each abate on the develop-
ing country’s soil, the equilibrium results strongly depend on which of the
two countries has access to the least expensive abatement opportunities
in the developing country. Given a choice, each country would prefer for
the other to have access to the least expensive abatement opportunities

because this allows them to commit to low emission reductions.

The parties to the Climate Convention, which issued the Kyoto Protocol,
pursue several goals. Amongst these goals is not only worldwide commit-
ment to emission reduction, but also the flow of support from rich, indus-
trialized countries to poor, developing ones. Both these objectives shall be
supported by the Clean Development Mechanism. This chapter suggests
that reaching both goals at the same time might be difficult and whether
the first or the second goal is realized depends entirely on who has access
to the least expensive abatement opportunities in the developing country:

the developing country itself or the industrialized country.

Methodologically, this chapter is closest to the literature on the private
provision of public goods. Major contributions to this literature were made
by Cornes and Sandler (1985) and Bergstrom et al. (1986). Hoel (1991)
applied the Cornes and Sandler model to environmental public goods. He
showed that uncoordinated unilateral action taken to reduce GHG emis-
sions can negatively affect a country’s negotiating position. Further, uni-
lateral action might even lead to more global emissions than self-interested

actions by all countries.

In this chapter the equilibrium outcome of the public good game changes

due to a changed institutional framework. Likewise, Konrad (1994), Buch-
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holz and Konrad (1994), Buchholz and Konrad (1995), Thori (1996) and
Morath (2010) consider institutional change and analyze its implications.
Konrad (1994) introduces a period previous to the public good game, in
which players can determine which fraction of their endowment shall be
disposable income in the public goods game. He finds that this generates
an incentive to strongly reduce disposable income and free-ride on richer

individuals’ contributions in the public good game.

In Buchholz and Konrad (1994), players simultaneously choose their pro-
duction technologies prior to a simultaneous emission reduction game. Play-
ers have the incentive to choose a production technology that leads to high
opportunity costs for abatement and therefore makes free-riding, in the
second stage of the game, credible. Buchholz and Konrad (1995) and Ihori
(1996) look at two-country models, in which the two players have differ-
ent contribution productivities and therefore different contribution costs.
Previous to the public good provision game, players can simultaneously
choose to make an income transfer to the other player. Both papers find
that the less productive agent has an incentive to transfer income to the
more productive one, committing itself to low contributions in the public

good provision game.

In Morath (2010) the players do not know the value of emission reduction.
They can, however, publicly acquire information on the abatement value
previous to a public good game of abatement. Morath finds that players can
have an incentive to abstain from information acquisition. The reason being
that information acquisition, which positively affects own contributions,
can in return decrease other countries’ contributions if the own benefits
from abatement are publicly learned to be large. This strategic information

acquisition can have a negative effect on GHG abatement and efficiency.

All authors mentioned above deal with voluntary public good provision and
most of them look at an environmental public good. They do, however,
only consider domestic abatement and do not address public good contri-
butions that a player carries out abroad, which is the case for the Clean
Development Mechanism. In this chapter, in contrast, I abstract from the
strategic interaction that occurs between countries that contribute to the

global public good, emission reduction, by abating domestically and fo-

10
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cus on the strategic interaction that occurs when a country abates abroad
(i.e. when a country contributes to the public good, emission reduction, by

abating in another country).

As I do in this chapter, Bréchet et al. (2012) analyze the Clean Develop-
ment Mechanism, though not in a public good game. They use a bargaining
model to study the implications of the CDM on global emissions. Firms
from an industrialized and a developing country join together for a CDM
project. They bargain over each other’s optimal investment level in clean
technology, their carbon emission level and their respective shares of emis-
sion credits which they receive from the CDM project. The authors find
that, when the firm from the developing country has a positive bargaining
power, the CDM leads to an emission increase. Furthermore, the authors
examine the effect of adding a new country that does not commit to any
abatement target to the Kyoto Protocol. They find that global emission
reductions only occur if this new developing country has no bargaining
power. In contrast to Bréchet et al. (2012), my focus is not on the interac-
tion of firms that jointly engage in an abatement project nor on the effect
the CDM has on global emissions. I concentrate on both the strategic
interaction between two GHG abating countries when, under the CDM,
firms of the industrialized country can engage in abatement projects in
the developing country, and on the welfare implications of this strategic

interaction.

Other literature on the CDM deals predominantly with optimizing the
Clean Development Mechanism. A recurring concern is to preserve the
environmental integrity of the mechanism. The authors of the Kyoto Pro-
tocol intended for CDM projects to be additional to low-cost abatement
projects, which are cost-efficient on their own and do not require the pay-
ment of emission credits, in the form of Certified Emission Reductions
(CERs), to become economical.”Many authors claim that this additional-
ity is not warranted for a large proportion of CDM projects. Extra emission

credits, which are paid out for abatement that is not truly additional but

>The literature distinguishes between additionality of emissions and financial addition-
ality. The first measures whether or not emissions will be reduced compared to the
counterfactual, the latter whether or not the CDM project would occur if not for
the profits from CER sales. Both should be fulfilled to secure the integrity of the
mechanism, see Paulsson (2009).

11
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would have also occurred in the absence of the CDM, might be created
as the host countries do not have an emission restriction. Therefore, the
CDM might lead to an increase in Green House Gas emissions instead of
an emission reduction due to the mechanism. Intending to provide a solu-
tion to this problem, a number of authors assess new ways to measure the
counterfactual to which the abatement under the CDM shall add (Paulsson
2009). With this chapter, I do not attempt to solve the additionality prob-
lem, but take the fact that not all CDM projects are additional as given
and focus on how additional versus non-additional CDM abatement affects
the strategic interaction between industrialized and developing countries.
The aspect of additionality enters my framework via the question of who
has access to the least expensive abatement opportunities in the develop-
ing country: the developing country itself (additional) or the industrialized

country (non-additional).

The following section provides a broad illustration of the Clean Develop-
ment Mechanism. Section 3 deals with the formal analysis of the CDM. It
starts with a benchmark case and then considers two cases with the CDM
under different cost regimes. Section 4 compares the model results in the

different cases under normative aspects. Section 5 concludes the chapter.

1.2. The Institution CDM

The description of the Clean Development Mechanism can be found in Ar-
ticle 12 of the Kyoto Protocol.® This article makes clear that the CDM is
intended to allow industrialized (Annex I) countries to reach their abate-
ment obligations at the lowest possible cost, and developing or emerging
(Non-Annex I) countries to profit from foreign investment and technology
spill-overs. Annex I countries to the United Nations Framework Convention
on Climate Change from 1992 (UNFCCC) are for the most part developed
countries and to a lesser extent additional countries who likewise committed

themselves to reducing their GHG emissions.” When the Annex I coun-

6 Article 12 is provided in Appendix A.

"Annex I countries are all OECD countries in the year 2013 less Chile, Israel, Korea
and Mexico and plus Belarus, Bulgaria, Croatia, Latvia, Liechtenstein, Lithuania,
Monaco, Romania, Russian Federation and Ukraine.

12
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tries committed themselves to emission reductions in 1992, their intention
was to return to 1990-emission levels by the year 2000 (UNFCCC 1992).
The UNFCCC stipulates no emission reductions for Non-Annex I countries.
These countries are all the countries which have ratified the Kyoto Protocol
but have not agreed to a GHG emission reduction target (see Appendix A,

“Modalities and Procedures for a Clean Development Mechanism”.).®

With the CDM, Annex I countries, self-committed to a GHG emission cap,
can take on abatement projects in Non-Annex I countries whose emissions
are unbounded. Public or private entities from an Annex I country can
initiate and/or invest in GHG abatement projects abroad. For each metric
tonne of C'Oy equivalent induced by the investments, the investing entity
gains one so called Certified Emission Reduction (CER).? These CERs are
emission rights which the investor can sell or use to count against its own

commitment (Paulsson 2009).

Ordinary production plants as well as hydro power stations or photovoltaic
parks can qualify as CDM projects. Generally, any project is admissible
as long as it generates an emission reduction compared to the respective
business-as-usual scenario. The counterfactual business-as-usual scenario
is what would happen in the absence of the CDM, either due to actions
taken by entities from the developing country itself, actions taken by foreign
investors or actions taken by both of the above working together.!® These

three are also the constellations in which CDM projects can be carried out.

In a business-as-usual scenario, an ordinary production plant could make
use of antiquated and high-emission technology. In case of hydro power
or photovoltaic stations, the business-as-usual scenario could be electricity

generation by way of a coal power station. The counterfactual emissions

8Non-Annex I countries are predominantly developing and emerging countries. For
a detailed list, see the web page of the United Nations Framework Convention on
Climate Change.

9See Appendix A, “Modalities and Procedures for a Clean Development Mechanism”.
Relevant passages are highlighted

10The entity which proposes the CDM project - either a developing or an industrial-
ized country entity - has to state the amount of counterfactual GHG emissions and
an explanation of how it calculated this number in the Project Design Document.
This document is then reviewed by a Designated Operational Entity, for example
a German TUV, and submitted to the CDM executive board that is in charge of
overseeing the CDM.

13
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in the business-as-usual scenario mark the baseline to which emissions of
CDM projects are compared. The units mitigated compared to the baseline
give the number of Certified Emission Reductions which are granted to the

parties involved in the project (Greiner and Michaelowa 2003).

For illustration purposes, the CDM shall be explained by a real life example.
The German RWE AG, one of Europe’s largest electric utilities companies,
frequently uses the CDM to abate in China. One of its abatement projects
is the “Coke Dry Quenching Waste Heat Recovery for Power Generation”
project in the Chinese city of Laiwu. In May 2004 a Chinese firm, Laiwu
Iron & Steel Group Corp., decided to build a power generation plant with
turbines that run on steam, heated by hot inert gas.!* However, the inter-
nal rate of return for the project was viewed as too low, so Laiwu Iron &
Steel decided to register their undertaking as a CDM project. At first, the
Chinese company had to find an Annex I entity willing to abate in China,
which would invest in the project and receive the CERs the project gener-
ated in return. They found RWE AG. To participate in the CDM project,
both companies had to get authorization from their respective government
bodies: the German Federal Environmental Agency’s Emission Trading
Authority in Germany and, in China, the National Development and Re-
form Commission of the Peoples Republic of China. With the application,
Laiwu Iron & Steel submitted a comprehensive Project Design Document
explaining the planned activity and stating a detailed operating plan and
the expected emission reduction compared to the business-as-usual sce-
nario. The document describes in great detail how the business-as-usual
scenario comes about and why the emission reduction by the project is
truly additional to the counterfactual one. The CDM executive board is
the UNFCCC’s entity in charge of all CDM projects. For monitoring pur-
poses, however, the executive board hires private contractors: the so called
Designated Operational Entities. One Designated Operational Entity re-
vises the project, based on its Project Design Document, and recommends
the approval to the CDM executive board. This was TUV NORD CERT
GmbH in the example. A different Designated Operational Entity oversees

1The hot inert gas is a byproduct of the coke dry quenching. Cold inert gas enters the
dry quenching oven but is not consumed. The hot inert gas then exits the oven, heats
a boiler for the steam production, cools down and again enters the dry quenching
oven.
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the project, visits the project site and validates the actual emission reduc-
tions. In the example, this Designated Operational Entity was TUV SUD
Industrie Service GmbH. Therefore, TUV SUD is also the entity which cer-
tifies the emission reductions that are generated. The project is expected
to generate emission reductions of 326.309 metric tons of carbon dioxide
equivalent per annum (CDM Project no. 1656: Coke Dry Quenching Waste
Heat Recovery for Power Generation Project of Laiwu Iron & Steel Group

Corp.).

The majority of CDM projects are similar to this example. An entity from
a developing country wants to carry out a CDM project and finds itself
an industrialized partner that invests money and receives Certified Emis-
sion Reductions. However, other projects exist in which the industrialized

partner invests not only money but also know-how.

The intention of the Kyoto authors was that only additional abatement,
which adds to the counterfactual, should occur as CDM abatement, where
Annex I countries invest and receive CERs in return. That is, only high
cost abatement projects should be registered with the UNFCCC. However,
empirical evidence suggests that the additionality principle is often violated
and that CDM projects are often low cost projects.!? Therefore, I will not
only consider the intended case, where CDM projects are the high cost
projects, but also the reversed case, where CDM projects are the low cost

projects.

In the following, projects carried out by the industrialized country in the
developing country are CDM projects where the industrialized country in-
vests money and/or technology in projects abroad and receives CERs in
return. Projects carried out by the developing country itself are projects
that are efficient on their own, without the payment of CERs, but also lead
to emission reductions. That is, the former should be high cost projects,
while the latter should be low cost projects. When the industrialized coun-
try takes on low cost projects that are efficient without the payment of
CERs as CDM projects and receives CERs for them, then the additional-

ity principle is violated.

12See for example Haya (2009). She surveys the general use of the CDM in India and
specific abatement projects in India and China and finds that the majority of the
examined CDM projects are not additional.
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1.3. Formal Analysis

Consider a game with two players, countries H and F. H is an indus-
trialized (Annex I) country and F a developing (Non-Annex I) country.'?
Each of the two players, H and F', simultaneously chooses its amount of
emission reduction. For simplicity, I assume that country H can abate in
both H and F while country F can only abate in F.!1* Player H's set of
possible actions is to choose gy € [0,00) and xgr € [0,00). The variable
rrg denotes the amount of emission reduction country H realizes at home,
and xyp denotes the emission reduction country H realizes in country F'.
Player F's set of possible actions is to choose zpp € [0,00), the amount
of emission reduction country F' realizes at home. This model explains all
types of CDM projects mentioned in Section 2. It is applicable to projects
where money is transferred from the industrialized to the developing coun-
try to finance abatement there, as well as to projects where physical labor
and/or know-how is transferred from the industrialized to the developing

country for abatement purposes.

Emission reductions by countries H and F' are contributions to a global
public good. The payoff function from these public good contributions is
the welfare function of country H for player H and the welfare function of

country F for player F'. Player H's payoff is

Wy =vg (Tun + 2ur +2rr) — ca (Tan, Tur, Trr) ,
and player F’s payoff is

Wr =vp (pg + 2ar + 2rp) — cp (THF, TrF) -

The parameters vy and vp are player H's and F’s respective marginal

willingnesses to pay for abatement. I assume that the players’ marginal

13Gtrictly speaking, firms are the ones making the abatement decisions. However, the
countries determine the amount of emission allowances the firms receive and firms
can trade these allowances. So, in the end, the amount of abatement is determined by
the emission quotas set by the Annex I countries and the market mechanism. Here,
for simplicity and as is common in the literature (see for example Hoel (1991)), T let
the countries make the abatement decision.

14 F's not abating in H reproduces the Clean Development Mechanism and would also
be the equilibrium outcome of a model in which F' can abate in H.
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willingnesses to pay for abatement are constant and that both countries
H and F attribute a positive value to GHG reduction, but country H
has a higher marginal willingness to pay for abatement than country F,
vg > vp > 0. Further, I do not model Certified Emission Reductions
(CERs) explicitly, because they do not change the game. They are captured
in H's marginal willingness to pay for abatement, vy. I assume complete

information.

The players have to exert abatement costs for each unit of emission re-
duction. The higher the amount of abatement that was already carried
out in a country, the higher are the abatement costs for one additional
unit of abatement in that country. That is, the abatement cost function
in country H must be increasing and convex in xgy, and the abatement
cost function in F' must be increasing and convex in xyp and xpp. For
simplicity, I assume quadratic cost functions for the two countries and that
these functions are symmetric. For convex costs, one can think of a vari-
ety of abatement projects ordered by abatement efficiency. That is, when
little abatement has occurred so far, the efficient projects are still available
for implementation. Large amounts of GHG reduction can be carried out
at low costs. The more abatement has already occurred, the smaller the
efficiency of the abatement projects that are still available. That is, high

costs have to be paid for little amounts of GHG reduction.

In the absence of the Clean Development Mechanism, cross border abate-
ment does not occur. That is, rgr = 0. [ assume abatement costs in
country H, then, to be a quadratic function of zyy and abatement costs

in country F' to be a quadratic function of xpp.

With the CDM, however, both countries can abate in F', while only H is
able to abate in H. That is, xgr € [0,00). Furthermore, the cost functions
that the countries face in F' then depend on which of the two has access
to the least expensive abatement opportunities. In the following, having

access to the least expensive abatement opportunities will be called having

15T deliberately use constant marginal benefits of abatement to abstain from modeling
the strategic effects of country H's and country F’s global abatement decisions,
which of course exist when two parties contribute to the same global public good,
and to focus on the strategic interaction that takes place under the CDM between
countries H and F' in country F.
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a preferential right for abatement in F', see Figure 1.1.

In the countries’ cost functions, the parameter v € {0,1} indicates who
holds the preferential right. If country H has the preferential right, v = 0,
if country F has it, v = 1.1

Figure 1.1.: Cost function in country F' with CDM

c(xFF: xHF) 4 C(xFF , xHF) 4

N N

Xpm, X = Xep, X
FF HF x]-[F xFF FF HF
F has preferential right in F (y=1) H has preferential right in F (y=0)
The general cost function for player H is
2 2 2. .2 1 1
cu (Tu, Tur, Trr) = Ty + (Tur +YTEF)” — Y Tpp- (1.1)

That is, player H's abatement costs are quadratic in H's domestic abate-
ment 2y and in H's abatement abroad x - but increase linearly in coun-
try F’s abatement zpp. This implies that, with every additional unit of

abatement by F, country H's marginal costs for abatement in F increase.

Player F's cost function is

Cp (I'FF,LEHF) = (xFF + (1 — ’}/) LL‘HF)2 — (1 — ”y)Q.T?{F (12)

Player F's abatement costs are quadratic in its own abatement zpp and
linearly increasing in country H's abatement in F', xyr. That is, with every
additional unit of abatement by H in F', country F’s marginal abatement

costs increase.

16 Abatement by countries H and F in F are substitutes. To illustrate this with an
example, one can think of solar panels, being installed on house tops. Once every
roof is filled with solar panels, this technology is exhausted.
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In the following, I derive the Nash equilibrium outcomes for three differ-
ent cases and compare these outcomes to each other. I start with the
Benchmark Case without CDM, where both countries can only abate do-
mestically. The other two cases are with CDM. In one of these cases, F
has a preferential right with regards to emission abatement in country F
(v = 1). In the other one, H enjoys a preferential right for its abatement
in F' (y=0)."7

With the two CDM cases, I look at borderline cases. There also exists a
variety of cases in between the two with all sorts of alignments of country

H's and country F's respective abatement projects on the cost function in
F.

1.3.1. Benchmark Case without CDM

Suppose both countries H and F' can only abate at home; that is, xgr = 0.

In that case, player H's objective function reduces to

2
max Wy =vu (Tun + Trr) — Thp,

and player F’s to

2
max Wg =vp (Tpyg +Tpr) — Thp.

It follows directly that optimal contributions are

Vg d z* _ Uf
‘/L‘HH—jan Tpp =

Due to the constant marginal benefit of abatement, optimal abatement

choices do not depend on the other country’s abatement level. The resulting

1"When H has the preferential right, additionality of CDM projects is violated. When
F has the preferential right, additionality of CDM projects is warranted. The cases
where one or the other player has a preferential right are not to be mistaken for
cases with sequential moves. The contribution of the other country is unknown when
countries decide on their own contribution. The preferential right is not a right to
move first, but one which ensures a country to have lower marginal abatement costs
in F' than the other country. The first mover in the sequential case would, to the
contrary, not use its first mover advantage to secure the relatively lower marginal
abatement costs for itself.
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payoffs are
Wy = Vi UivE (1.3)
oy 2 '
and
we="F 4 ”H;F (1.4)

Both players contribute to the public good and both abate up to the
point where the marginal costs of abatement match the respective player’s
marginal willingness to pay, vy and vp. While the players’ abatement
costs are symmetric, player H's optimal amount of abatement is larger
than player F’s as, by assumption, H has a higher marginal benefit from
GHG reduction than F' does.

1.3.2. Effect of the Clean Development Mechanism

In the following, I consider the optimal abatement choices if the Clean
Development Mechanism is implemented and cross border abatement is
possible for player H. Therefore, player H faces abatement opportunities
in countries H and F', while player F still only abates in F. That is,

Tgp € [O, OO)

1.3.2.1. Preferential right for country F'

Suppose country F' enjoys a preferential right with respect to emission
reduction. Intuitively, this means that F' is allowed to invest in the least
expensive abatement opportunities in F', while H is only allowed to abate
in excess of player F’s abatement. This is the scenario which corresponds
to the one intended by the Kyoto authors. Abatement under the CDM is

additional in this case.

In the case where F' has a preferential right, the assumptions on the cost
functions are such that player H has higher marginal costs than player
F when abating in country F. That is, v = 1. So player H's and F's

objective functions are
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2 2 2
Wy =vg (xpgn +xpr + Trr) — g — (Xpr + 2pr)” + 25p
and
2
Wg =vp (Tug +Tur + Trpp) — Tpp.

From the first order conditions for H, vy = 2y and vy = 2(zpp +xpp),

and for F', vp = 2z pp, the following equilibrium contributions are derived:

.oV . _UH—UP VR
xHH_anHF_ B an $FF—2

These abatement choices constitute a unique Nash equilibrium. The equi-

librium welfare for players H and F' is,

Wy = %H + (1.5)
and
V2
Wi = vgup — ZF' (1.6)
respectively.

Player F' exerts the same amount of abatement as in the Benchmark Case.
In country H, player H still simply chooses the amount of abatement
that maximizes H's welfare under isolation. In addition, player H adds
to F’s abatement projects, in country F', up to the point where its own
marginal willingness to pay equals the marginal abatement costs in coun-
try F. Therefore it is player H's additional abatement that leads to larger
global contributions than in the Benchmark Case. The same holds for

global welfare.

1.3.2.2. Preferential right for country H

Suppose country H enjoys a preferential right with respect to emission

reduction. Intuitively, this means that H is allowed to invest in the least
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expensive abatement opportunities in F', while [’ can only abate in excess of
player H's abatement in F'. This is the scenario the Kyoto authors intended
to prevent but which is nonetheless observed empirically. Abatement under
the CDM is non-additional in this case.

In the case where H has a preferential right, the assumptions on the cost
functions are such that player F' has higher marginal costs than player
H when abating in country F. That is, v = 0. So player H's and F's

objective functions are

2 2
Wy =vg (xgy + Tur + Trp) — Ty — Thp

and

WF = UVf (xHH +$HF +«77FF> — (Z‘HF + CL’FF)2 —|—JI?_IF.

From the first order conditions for H, vy = 2xyy and vy = 2z p, and for

F,vp =2(xgr+xpr), the following equilibrium contributions are derived:

v v

Ty = 7H, Typ = 7[{ and 2, = 0.
Player F’'s optimal abatement choice results in a corner solution as by
definition xpp € [0,00). The abatement choices constitute a unique Nash

equilibrium and the equilibrium welfare for players H and F is,

Wy =2 (1.7)
2
and
W;: — VUHVF. (18)
respectively.

Player H abates in country F' up to the point where his marginal benefits
from abatement are equal to his marginal abatement costs in F. As player
F' has lower marginal benefits from abatement than player H does, F' will
not choose any abatement at all. That is, player H's GHG reduction in

country F' fully crowds out player F's abatement. Player F' free-rides on
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H's emission reductions.

1.4. Welfare Comparison

To assess the Clean Development Mechanism from a welfare perspective,
I compare the countries’ welfare in the three different cases. Firstly, the
welfare in the absence of the mechanism is compared to the welfare under
the mechanism. Secondly, I examine how the countries’ welfare differs in the
cases where country H (country F') enjoys the preferential right regarding
GHG abatement in country F'.

Proposition 1.1.

a) Country F's welfare is strictly higher under the CDM than without the
CDM.

b) If v = 1, country H's welfare is strictly higher under the CDM than
without the CDM.

If v =0, country H's welfare is strictly higher under the CDM than
without the CDM, if and only if vg > 2vp.

Proof.

a) Let F' have a preferential right. With the CDM, player F's welfare is
strictly higher than without the CDM since the difference between (1.6)

and (1.4) is vavr/2 — vE/2, which is strictly positive.

Let H have a preferential right. With the CDM, player F's welfare is
strictly higher than without the CDM since the difference between (1.8)

and (1.4) is vavr/a — vE/4 which is strictly positive.

b) Let F' have a preferential right (y = 1). With the CDM, player H's
welfare is strictly higher than without the CDM since the difference between
(1.5) and (1.3) is (vr/2 — vr/2)?, which is strictly positive.

Let H have a preferential right (v = 0). With the CDM, player H's
welfare is strictly higher than without the CDM, if and only if vy > 2vp
since the difference between (1.7) and (1.3) is vy (v#/a —vr/2), which is
strictly positive if and only if vy > 2up. m
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Proposition 1 implies that, with the CDM, emission reductions in country F'
increase compared to the Benchmark Case, due to player H's cross border
abatement in country F. At the same time, domestic emission reductions
by players F' and H remain constant compared to the Benchmark Case if
F has a preferential right. If, however, H has a preferential right, player F’
reduces his abatement contributions to zero compared to the Benchmark
Case, but player H overcompensates this reduction with his cross border
abatement such that overall emission reductions are the same in the two
cases with CDM.

In the case where F' has the preferential right, abatement costs remain
constant with emission reductions for player F', whereas, in the case where
H has a preferential right, abatement costs drop to zero together with F”s
emission reductions. The increase in overall abatement, together with un-
changed or decreased abatement costs, compared to the Benchmark Case,
leads to greater welfare under the CDM than without the CDM for country
F.

Like country F', country H also profits from the increased abatement com-
pared to the Benchmark Case. However, as this abatement increase is due
to player H's cross border abatement in country F', player H is the one

who has to pay the costs for the increase in emission reductions.

If v =1 (F has a preferential right), domestic abatement by countries F
and H remains the same as in the Benchmark Case and H's cross border
abatement simply adds to the Benchmark Case abatement. Under the ini-
tial assumption that vy > vp, the additional benefits from this cross border
abatement exceed player H's additional abatement costs and country H's
welfare is higher under the CDM than without the CDM.

If v = 0 (H has a preferential right), domestic abatement by country H
remains the same as in the Benchmark Case, but F’s emission reductions
drop to zero. As player H fully compensates this drop and, further, adds
the same amount of abatement as in the “F has a preferential right” case,
the additional abatement costs for H are higher in the case where H has
a preferential right than in the case where F' has a preferential right. Fur-
thermore, the condition under which additional benefits exceed additional

costs is stronger in the latter case. That is, country H’'s welfare is higher
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under the CDM than without the CDM only if vg > 2vr. When this

condition is fulfilled, however, the CDM leads to a Pareto improvement.

In turn, if the two countries’ respective willingnesses to pay for abatement
were quite similar - i.e. vy > v, but vy < 2vp - cost benefit considerations
would keep country H from cross border abatement in the case where H
has a preferential right. Country H would then rather leave the abatement
in F' to country F' because the supplementary abatement H could take on

in F' would not add enough benefits to compensate for the additional costs.

I have now analyzed how the welfare in the two cases with CDM compares
to the welfare in the Benchmark Case. What remains to be seen is which
of the two cases with CDM the countries F' and H prefer.

Proposition 1.2.

a) Country F's welfare is strictly lower in the case where F has a prefer-

ential right than in the case where H has a preferential right.

b) Country H's welfare is strictly higher in the case where F' has a prefer-

ential right than in the case where H has a preferential right.

Proof.

a) Comparing (1.6) and (1.8) shows directly that F’s welfare is strictly
lower when F' has a preferential right than when H has a preferential right.

The difference between (1.6) and (1.8) is —v%/4, which is strictly negative.

b) Comparing (1.5) and (1.7) shows directly that H's welfare is strictly
higher when F’ has a preferential right than when H has a preferential right.
The difference between (1.5) and (1.7) is v#, which is strictly positive. [

Proposition 2 implies that if country F' could decide on the allocation of
the preferential right, it would always opt for H to have the preferential
right. Likewise, when country H could decide on the allocation of the
preferential right, it would always opt for F' to have the preferential right.
That is, both players prefer the case in which they themselves have higher

marginal abatement costs in country F' than the other player does.
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Overall emission reductions and therewith the two countries’ benefits from
abatement are the same in both cases. Player F' abates a positive amount
when he has the preferential right but does not abate at all when player H
has the preferential right. That is, F’s abatement costs are positive in the
former and nil in the latter case. With equal benefits from abatement in
the two cases, country F's welfare is, therefore, strictly lower when F' has

the preferential right than when H has the preferential right.

Player H adds to F's abatement when F' has the preferential right, but,
when H has the preferential right, H not only compensates for F’s abate-
ment from the “F has a preferential right” case but also adds the same
amount as it itself contributes in the “F has a preferential right” case.
That is, H abates more in the “H has a preferential right” case than in the
“F has a preferential right” case. Therefore, his abatement costs are higher
in the former than the latter case. With equal benefits from abatement in
the two cases, country H's welfare is therefore strictly higher when F' has

the preferential right than when H has the preferential right.

Global welfare is the same in both cases with CDM. That is, when moving
from one case to the other, welfare is simply redistributed from one country
to the other.

1.5. Conclusion

The analysis of the simultaneous moves game shows that both countries
involved in CDM projects have a higher welfare with the Clean Develop-
ment Mechanism than without it. Also, global abatement is larger with the
mechanism than in its absence.'®Regarding the industrialized country, wel-

fare is only larger for a parameter range where the industrialized country’s

181 do not consider the possible effect the crowding out in F might have on H's domestic
emission reductions. If H's intrinsic will to abate drives H's willingness to pay for
abatement, vy, H's domestic abatement remained unchanged and global abatement
was the same for both cases, the one where H has the preferential right and the
one where F' has the preferential right. If, however, H's abatement obligation drives
H's willingness to pay for abatement, vy, H's domestic abatement differed for the
two cases, affecting individual and global welfare and possibly leading to a global
emission increase.
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willingness to pay for abatement is substantially larger than the develop-
ing country’s willingness to pay for abatement. With respect to the two
different cost scenarios under the CDM, which I have looked at, the two
countries have antithetic preferences. Both countries prefer the scenario
in which they themselves have higher marginal abatement costs than the
other country. Therefore, the industrialized country would pick the “F" has
a preferential right” case, while the developing country would decide on the
“H has a preferential right” case if it had a choice. When the industrialized
country has the preferential right, the developing country can fully free-ride
on the industrialized country’s contributions, and its own abatement drops

to zero.

For future climate negotiations, the results indicate that the Clean De-
velopment Mechanism should be kept as a GHG offset mechanism, as the
developing country always profits from it. The industrialized country prof-
its from the mechanism, especially as long as the additionality principle is
fulfilled, but also for some parameter ranges in the absence of additionality.

Further, GHG emissions always decrease.

The parties to the climate convention can pursue different goals. They
could wish to get every country, including developing ones, to contribute,
or they might wish to increase contributions, but spare the developing coun-
tries, and have the industrialized countries carry the burden. Depending
on the goal, the parties to the convention have two different scenarios to
choose from. If they grant a preferential right regarding abatement in the
developing country to the developing country (compliance with the addi-
tionality principle), both countries will contribute; that is, the developing
country carries part of the burden. However, if the preferential right with
respect to abatement in the developing country is granted to the industri-
alized country (violation of the additionality principle), the only country
contributing will be the industrialized one. That is, at the same overall
amount of global abatement, the industrialized country takes on all the

abatement and the developing country is fully unburdened.
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Chapter 2.

Monitoring Abatement in the

Presence of an Import Quota

2.1. Introduction

The fight against climate change is a global public good. It makes no
difference for the C'Oy concentration in the atmosphere at which place on
earth pollutants are abated. However, the choice of the place can make a

difference for the abatement costs that accrue.

From an economic view point, C'O, abatement should be carried out wher-
ever it is cheapest. This consideration was at the heart of the Clean Devel-
opment Mechanism (CDM) when it was launched as part of the Kyoto Pro-
tocol in 1997. The CDM enables firms from industrialized countries to in-
vest in registered CDM abatement projects abroad in developing countries.
For each metric tonne of COy abatement enabled by their investment, the
firms receive one certified emission reduction (CER) in return. Firms can
use the CERs generated by CDM projects to offset their domestic abate-
ment obligation stemming from the negotiated environmental agreement
that the Kyoto countries committed themselves to in 1997.12 CDM projects
range from methane avoidance in agriculture and photovoltaic power gen-
eration to large hydro power plants. Generally, any project that leads to

emission reductions compared to a counterfactual baseline is admissible as

19Governments pass the abatement obligations they committed to on to the firms under
their jurisdiction.
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a CDM project.?°

The abatement of CO, emissions, while generating welfare benefits, accrues
costs for the firms carrying out the abatement. Consequently, a government
intending to induce abatement by its firms needs to provide incentives for
these firms to select into abatement. That is, it needs to demand an amount
that is to be abated by each firm and punish shortcomings, both of which
is being done in reality.?! Presumably, while domestic abatement is easily
observed by the government, abatement abroad demands some more ob-
servation effort. In other words, governments have incomplete information
regarding abatement abroad and from this incomplete information arises
a monitoring problem for the government. This assessment is backed by
Kachi et al. (2014) mentioning that California is prejudiced against the
CDM due to the fear of having little control over abatement occurring

abroad.

Many governments allow the firms under their jurisdiction to participate
in the CDM, but not without imposing some restrictions regarding the
use of CERs. While Australia planned to allow 12.5% and South Korea
is planning to allow up to 50% of its firms’ abatement obligations to be
covered by Kyoto abatement units such as CERs (Kachi et al. 2014), the
European Union left it up to its member states to impose restrictions.??
The result was quotas that ranged between 0% and 22%, where Estonia is
the strictest and Germany the laxest country. This percentage of allocated
emission allowances is admissible in the form of CERs (Vasa 2011). Califor-
nia considered an alternative restriction, a discount for abroad abatement

certificates, but this chapter will focus on an import quota.?

Keeping in mind that C'O, abatement is a global public good and that

20A broad overview of the workings of the CDM in general can be found in Paulsson
(2009), while the course of a CDM project is explicitly explained in Section 1.2 of
this thesis.

2L An example for Germany: According to paragraph 15 of the German legal code on
project mechanisms (§15, ProMechG), misreporting in validation or verification re-
ports for emission abatement can be punished with fines of up to 100.000 EUR.

22See the Appendix B for the Linking Directive of the European Union. Relevant
passages are highlighted

23Further restrictions imposed by the EU ETS, such as the exclusion of CERs from
nuclear power plants or forestry projects and the restriction of source countries to
Least Developed Countries, which have been active since 2012, are also not subject
to this analysis.
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the efficient allocation of abatement would be one that exploits the lowest
cost abatement options worldwide, it is surprising to observe governments
discriminating against abatement carried out abroad. The discrimination
restricts the firms’ options, thereby not only forcing them to meet a specific
abatement obligation, but, further, forcing them to choose less cost efficient

abatement allocations than are possible in the absence of discrimination.

This chapter adds to the literature on the CDM. More specifically, it adds
to the literature on restricting the use of CERs generated under the CDM.
Previous papers mainly focused on the fact that restricting the use of CERs
breaks the pure offset character of the CDM (i.e. leads to emission reduc-
tions that can not be counted against the domestic abatement obligation)
and argued that the net atmospheric benefits that arose from this made

the governments’ failure to prevent non-additionality more acceptable.?*

Schneider (2009), Alexeew et al. (2010), Bakker et al. (2011) and Francois
and Hamaide (2011) make this argument, but focus on restricting the use of
CERs by means of a discount. Ranson and Stavins (2012) consider a CER
limit and repeat the additionality argument. Also, Castro and Michaelowa
(2010), applying a graphic supply and demand analysis of the CER market,
and Braun et al. (forthcoming), using an empirical analysis to explain the
price spread between CERs and domestic European emission certificates,
draw on the same arguments for restricting CER imports and consider

quantity restrictions.

The chapter at hand also considers a quantity restriction, but seeks to
justify this restriction by the existence of a monitoring problem regarding

abatement abroad instead of by additionality concerns.

That is, this chapter examines the following question: Is it possible that the
monitoring problem mentioned above can provide a rational explanation
for the observed government decision to discriminate between abatement
generated at home and abatement generated abroad by means of a quota on
abroad abatement? To answer this question, I apply a classical monitoring

framework as defined by Becker (1968), extend it by an abatement cost

24Non-additional projects are projects that are being carried out under the CDM and
generate CERs, although they would have been taken on in the absence of the CDM
as well. Hence, those projects fail to offset emissions compared to a counterfactual
scenario without the CDM.
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minimization problem subject to a minimum abatement constraint and
introduce heterogeneous observability for abatement generated in different
regions. The analysis reveals that governments can still implement the
first best abatement allocation when information on abroad abatement is
incomplete. However, it further shows that, while implementable, the first
best abatement allocation is not the welfare maximizing one in the presence
of incomplete information. Rather, starting from no quota at all, welfare
under incomplete information increases when a quota is introduced and
some abatement is shifted from abroad to domestic abatement compared to
the first best allocation. This shift reduces the efficiency of the allocation,
but at the same time increases the firm’s incentive to comply, thereby

reducing the monitoring cost.

Whether or not the government wants to shift all of the abroad abatement
home or wants to allow for some abroad abatement depends on the mon-
itoring cost, the fine, the abatement obligation and the cost of the last
domestic and the first foreign unit of abatement. The smaller the monitor-
ing cost, the larger the fine, and the abatement obligation, the higher the
cost for the last unit of domestic, and the lower the cost for the first unit of
foreign abatement, the more likely is it that the government allows abroad

abatement.

To my knowledge I am the first one to consider a monitoring problem in
this context. However, there are papers that examine monitoring problems
in related environmental contexts. Arguedas (2008, 2013) both consider a
framework in which compliance with a general environmental standard can
only be observed by means of monitoring and in which monitoring is costly.
While Arguedas (2008) is after the socially optimal combination of stan-
dard and monitoring policy, Arguedas (2013), in an extension of the 2008
model, considers the optimality of a discount on the fine payable upon
noncompliance. His discount depends on the amount a firm invested in
abatement technologies. As Arguedas (2013) does, also I consider compli-
ance with an environmental standard, but I model a quota. Furthermore,
while the discount in Arguedas (2013) works in favor of the firms that
are being granted the discount, my quota applies to abatement generated

abroad and penalizes firms that are subject to it. While the two papers
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by Arguedas assume all abatement to be equally poorly observable, my
essential extension to Becker (1968) is that I introduce heterogeneity re-
garding the observability of abatement carried out in different regions. A
further paper, Arguedas and Rousseau (2015) also considers observability
differences, but it introduce the heterogeneity on the side of the observer,
as opposed to my heterogeneity on the side of the observed. In Arguedas
and Rousseau the national authority that sets the standard is unable to
observe the abatement being carried out, but a local agency that enforces
the standard can observe the abatement. The chapter at hand, in turn,
allows one governmental regulator that takes the emission standard as ex-
ogenously given to perfectly observe domestic abatement, but assumes that

abroad abatement is not observable free of cost for the regulator.

Stranlund and Chavez (2000) do not model a general environmental stan-
dard, but a transferable emissions permit system, with a monitoring prob-
lem. They require their firms to self report on their emissions and the
permits they hold and find that this self-reporting requirement can be used
to reduce monitoring costs. In this chapter, by contrast, the decrease in
monitoring probability, and consequently the expected monitoring costs,
results from implementing a second best abatement allocation where the

use of an import quota shifts some of the abroad abatement home.

The following section presents the theoretical framework. First, the firm’s
decision is analyzed, then the government’s decision, with and without an
import quota and under complete and incomplete information. Section 3

concludes this chapter.

2.2. Theoretical Framework

There is one government and one firm and there are two countries, home
H and foreign F.%

In the first stage, the government seeks to maximize welfare by choosing
its monitoring policy. As explained below in more detail, the monitoring

policy mainly consists of a monitoring probability u € [0, 1].

25This is equivalent to assuming one government and a continuum of homogeneous firms
of mass one.
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In the second stage the firm chooses its domestic and abroad abatement,
xg € [0,00) and zp € [0,00), with the intention of minimizing abatement
costs, taking an exogenous abatement obligation ™" > 0 and the govern-
ment’s monitoring probability p as given. While the government considers
both, benefits, b (> x;) with ' (> x;) > 0, 0" (X z;) = 0 and i € {H, F'},
and costs, c(x;) with ¢/(z;), ¢”"(z;) > 0, ¢(0) =0 and i € {H, F'}, the firm
only cares about the cost of abatement. The abatement cost functions are
publicly known. Likewise, both the firm and the government can observe
domestic abatement. However, the government may not be able to observe

the amount of abroad abatement carried out by the firm.

The firm complies with government legislation whenever the sum of do-
mestic and abroad abatement matches or exceeds the abatement obligation
™" If the abatement sum falls short of ™", the firm does not comply.In
case the firm does not comply and the non-compliance is detected, the
firm has to meet its abatement obligation ex post and, in addition, pay a
fine S > 0. For the government to detect a non-compliant firm it has to

monitor, and monitoring produces the monitoring cost m > 0.

2.2.1. First Best

Under complete information, all abatement is observable for the govern-
ment and there is no need for monitoring. The firm chooses domestic and

abroad abatement 2y and xr to minimize
C(xg,xp) =c(zy)+c(xp)

subject to the condition that the sum of domestic and abroad abatement

min

must not fall short of the abatement obligation: zyg + xp > x

Lemma 2.1.

Under complete information, the firm chooses the allocation

iP = 2obB =« s,

Proof.

From the equilibrium condition ¢’ (zy) = ¢’ (xr) and due to the assump-
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tion that c(-) is increasing, convex and the same for both countries fol-

EB = 2EB. Together with the other equilibrium condition,

lows that x
oiP + LB = g™ this implies that x§? = zLP = ™" /5. Since the firm
has to pay a fine S > 0 and fulfill its abatement obligation ex post if it

does not comply, it is optimal for the firm to comply. O

As abatement costs increase progressively and are the same at home and
abroad, it is cost minimizing for the firm to abate both at home and abroad

and to equally distribute abatement between the two.

2.2.2. Second Best

Under incomplete information, the firm’s decision is no longer aligned with
the government’s decision, and the government has to monitor and punish
non-compliance to incentivize the firm to comply. For a given monitoring
policy, if the firm decides to comply, it will choose x3 and x%.%6 Since the
cost functions are commonly known, the government anticipates the opti-
mal choice of a compliant firm. Therefore, I assume that the government
always monitors the firm, if it observes that the firm’s domestic abatement
choice deviates from the optimal choice of a compliant firm. Otherwise,
the government monitors the firm with probability x4 € [0,1).2" That is,

the government’s monitoring policy is

poif ey =y

L ifxg #ay

pen) = (2.1)

If the firm does not comply and is detected, in addition to fine S > 0, it has
to meet its abatement obligation ex post, i.e., choose additional (domestic
or abroad) abatement such that total abatement sums up to at least z™".
Hence, if the firm initially chooses (2%, %) with 2%, + 2% < 2™" and is
detected, it has to pay S and to chooses additional abatement (z7,z.)

such that oy + 2% + 2% + 2% > ™. T assume for simplicity that the

260ptimal choices of a compliant firm are marked with asterisks.
27T exclude pu = 1, for this is the less interesting case in which the firm is always
monitored.
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additional abatement of an initially non-compliant firm has to be disclosed

(or can be monitored by the government at no additional cost).

Consequently, if compliant (that is, when 2’y + 2% > 2™"), the firm has

abatement cost
C (2, 7p) = c(vy) + c(2p), (2.2)

while, if non-compliant (that is, when z/; + 2% < 2™"), the firm has

expected abatement cost
E[C (2, 2p)] = c () + c(@p) + n(S+clag) +c(ak) . (23)

Moreover, I assume that the government values revenues (the fine) and the
firm’s profits equally. Therefore, for the government, which receives fine S
but at the same time takes into account the firm’s costs, the fine is welfare

neutral.

In addition to the exogenous minimum abatement obligation 2™ the gov-
ernment can set a quota caping abroad abatement zp < 27", Backward
induction allows to solve for the firm’s equilibrium abatement and the gov-

ernment’s policy choices.

2.2.2.1. The Firm’s Decision

In the absence of a quota on abroad abatement, the firm chooses its
domestic and abroad abatement x5 and xg in the second stage to minimize
the abatement cost in (2.2) and (2.3), taking into account the government’s

monitoring policy in (2.1).

Lemma 2.2.
a) If compliant, the firm chooses the first best domestic and abroad abate-

ment ¥y = v =" /2.

b) If non-compliant, the firm chooses domestic abatement xg = «""/2 and

abroad abatement xp = 0.

The proof of Lemma 2.2. can be found in Appendix B.

35



Monitoring Abatement in the Presence of an Import Quota

As under complete information, when complying, the firm chooses the

n

smallest abatement sum ensuring compliance, ™", and equally divides
abatement between domestic and abroad abatement to minimize the cost.
This is due to the fact that the abatement cost functions are convexly

increasing and the same in both countries.

Given the firms monitoring strategy, every domestic abatement choice ex-
cept the compliant firm’s optimal choice leads the government to monitor
with certainty. With certain monitoring and hence certain punishment,
choosing the compliant firm’s amount at home generates smaller expected
costs than any other choice for all levels of abroad abatement. That is,
the firm chooses a compliant firm’s level of abatement at home. How-
ever, abroad, where abatement is not observable for the government, the
expected costs are the smallest when the firm chooses no abatement at
all. This is due to the fact that fine S is constant and independent of the

amount of foregone abatement.

In the presence of a quota on abroad abatement, the firm chooses its
domestic and abroad abatement xy and xr in the second stage to minimize
the abatement cost in (2.2) and (2.3), taking into account the government’s
monitoring policy in (2.1) and subject to a binding quota for abroad abate-

ment (i.e., subject to the condition that rp < 2% < 2™"/s).

Lemma 2.3.

Given that the quota is binding,

a) the firm chooses domestic abatement x% = x™" — 2% gnd abroad
abatement x} = 'R if it is compliant.
b) the firm chooses domestic abatement vy = ™" — 2% and abroad

abatement xp = 0 if it is non-compliant, .*

Proof.

a) Given a binding quota z% = 2B < @™ /3 < g™ — pMat — p*  There-

BWhere z3; = 2™ — 29 and 2} = 2’79, analogous to Lemma 2.2, also correspond

to the first best domestic and abroad abatement choices that would be derived under
complete information.
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fore, it holds that
d(x3) < d(x%).

If the firm chooses % > 2% the marginal costs are ¢’ (z%) > ¢ (z}.). But
as the government only counts xp = 27" towards the firm’s abatement

mi

obligation, xy must be z7; = ™" — 27" to ensure compliance. With

allocation (x7;, x%») the abatement cost is strictly higher than with (x7;, 7),

hence 2z > x**can not be optimal.

Likewise, the choice ' < 2% (and x; > ™" —2'%**) can not be optimal,

as allocation (2, 2%) would imply ¢ (27) < ¢ (z3) < ¢ (x3) < (o).

b) The proof for the compliant firm, follows the same line of argumentation

as the proof of Lemma 2.2. O

Given a binding quota on abroad abatement, it is cheapest for the firm
to abate the exact amount of the quota abroad when complying. The
reason being that, with a binding quota, the optimal amount of abroad
abatement that the firm would choose in the absence of the quota is larger
than the amount allowed under that quota. Any allocation deviating from
the one that is optimal in the absence of the quota increases the abatement
costs, but the cost increase is larger the larger the deviation. The firm,
consequently, chooses the smallest deviation possible. At home, the firm
chooses the lowest possible amount guaranteeing compliance, given the

choice of an amount equal to the quota abroad.

Regarding the non-compliance choices the same logic applies as in the case
without the quota. Every domestic abatement choice except for the com-
pliant firm’s optimal choice leads the government to monitor with certainty.
That is, at home the firm chooses the compliant firm’s level of abatement.
However, abroad, where abatement is not observable for the government,

the firm chooses no abatement at all.

Any quota smaller than the efficient abroad abatement in the absence of the
quota is a binding quota. Therefore, for illustration purposes I hereafter
max

denote the quota as 2% = (*™"/2) — A which implies the compliance al-

location is (x};, 25) = ((=™"/2) + A, (*™"/2) — A) and the non-compliance
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allocation is (zg,zr) = ((=™"/2) + A,0). That is, compared to the opti-
mal allocation without a quota, some of the abroad abatement is shifted

homeward with a quota.

2.2.2.2. The Government’s Decision

The government can only affect the firm’s choice through the monitoring
policy it implements in the first stage. I assume that the government can
perfectly observe the domestic abatement of the firm, but abroad abate-
ment is initially unobserved and only disclosed upon request. Making this
request causes monitoring cost m for the government. That is, the govern-
ment balances the benefits of abatement, b (Y x;) with i = {H, F'}, against
the monitoring cost. If the monitoring cost was very large compared to the
benefits of abatement, the government would never monitor to induce com-
pliance (the monitoring probability would be x = 0) and the firm would
never comply. In this case there would be no monitoring problem. Thus,
I assume that the benefits of abatement are sufficiently high compared to
the monitoring cost, such that the government wants to monitor with a

positive probability and wants to induce compliance.

Proposition 2.1.
Under incomplete information, the government can implement the first best

FB FB __ gmin

abatement allocation x3,° = xp.° = «™" /2 by choosing the monitoring prob-

ability

$min
* C( 2 )

I

Proof.

The firm chooses to comply whenever it is indifferent between compli-
ance and non-compliance: C'(z™"/2,2™"/2) = FE[C (2™"/2,0)]. This is
the case if 2¢(=™"/2) = p(S+c(=™"/2)) + ¢(=™"/2), which reduces to
= (=) (s ve(amin ). O
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The government can implement compliance with the monitoring probability

that makes the firm indifferent between compliance and non-compliance.

When compliance is induced and the monitoring probability is set opti-

mally, the expected welfare is

W*=5b (me) = c(x}) — p'm,
with i = {H, F'}.

Proposition 2.2.
Under incomplete information, the welfare mazximizing choice differs from

FB

the first best choice of abatement 5P = xtB = 2™" /5. Instead, the govern-

ment prefers to set a strictly positive quota, such that x% < =™ /2.

Proof.
Using Lemma 2.3 and a quota, 2% = (2™"/2) — A, the compliant firm
chooses z%; = (*™"/2) + A, 25 = (2""/2) — A

and the non-compliant firm chooses x5 = (#™"/2) + A and zp = 0.

That is, the monitoring probability implementing compliance becomes

oy (T =8
“(A>_S+c($””—a)'

2

Then the corresponding optimal welfare is

WH(A) = b(amm) e (‘”Zn + A) . (‘”Zn - A)

(5 -8)
ST e(Z2-a)

2
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Deriving the welfare with respect to A yields

W = —c <:177;" + A) + (:ﬂ;n - A)
(S+ec(=5 —A))d (55 - A)
+ m (2.4)
el o)
I Gt L G e (2.5)
(S +c (“"”"2”" — A)>2
That is
ow-_ 5¢(7F)
o b e ey
as S, mand ¢ () > 0. O

Once information is incomplete and the government has to exert costly
monitoring to verify abroad abatement, the government faces a trade-
off. Tt is a trade-off between distorting the allocation of domestic and
abroad abatement and increasing the firm’s incentive to comply by re-
ducing the amount of abatement to be implemented abroad and thereby
reducing the monitoring probability necessary to induce compliance. Shift-
ing abroad abatement to home, starting from the first best allocation
riP = 2EB = «™"/2 where the distortion is zero, results in a negative
welfare effect from the distortion that is smaller than the positive welfare
effect from the increased compliance incentive of the firm. This is due to

the assumption of increasing, but equal abatement cost functions at home

and abroad.??

The introduction of a marginal shift increases welfare, but what remains

to be identified is the optimal shift from abroad to domestic abatement.

29If the abatement costs at home were larger than abroad, cy (-) > cp (-)Vou, zr,
the condition under which welfare increases with a shift from abroad to domestic
abatement would no longer be always fulfilled. Rather, the difference between the
domestic and abroad abatement cost functions, cg () and cp (-), and their relation
to the monitoring cost m will then play a role.
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Claim 2.1.
If

/ m / min

c(O){quS}—c(x ) <0 (2.6)
then the optimal quota is such that A% € (0,#™"/2) and the amount of

abroad abatement is positive.

Proof.
Taking equation (2.4) at A = 2™ /2 yields

aAlA:zm;n—C/(O){l‘i‘S}_C/(w )

That is, W (A)/aa | A=(aming) < 0 if condition (2.6) is fulfilled.

Since A € [0,2™"/2] by definition, 9W(A)/pa |A:(mmin/2)< 0 is sufficient for
A%t < «™" /5 and from Proposition 2.2 is known that A% > 0. O

Welfare decreases in A at the upper bound A = =™ /2 if condition (2.6)
holds. Thus, reducing A to A < #™"/2 generates a welfare increase, imply-
ing that A% < 2™ /3 and abroad abatement is positive. Condition (2.6) is
more likely to be fulfilled the smaller marginal cost ¢’ (0) and monitoring
costs m and the larger fine S, abatement obligation ™", and marginal cost
¢ (z™m). The intuition behind this is the following. A smaller monitoring
cost, makes the government more willing to allow for abroad abatement
that brings along the need for monitoring. A larger fine S makes the likeli-
hood for non-compliance smaller such that the government is more willing

to allow for the less observable abatement abroad.

A larger abatement obligation ™™ increases the efficiency benefits from

dividing abatement between home and abroad, due to the convex cost
functions. Likewise, the more convex the costs functions, the larger are
efficiency benefits from dividing abatement between home and abroad. If

¢ (0) is small, the first unit of abroad abatement is cheap and if ¢ (z is
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large, the last unit of domestic abatement is expensive, thus, the govern-
ment would want to allow for abroad abatement and shift some domestic

abatement abroad.3°

If condition (2.6) is violated the solution for A%’ may be such that no
abroad abatement is allowed, provided that the assumptions over the cost
functions ensure that welfare is strictly concave in A.3' However, there is
empirical evidence for abroad abatement, suggesting that the solution for

A should be an interior one, such that abroad abatement occurs.

2.3. Conclusion

This chapter considers a classical monitoring framework with a representa-
tive firm that minimizes abatement costs subject to an emission standard.
Further, the regulator monitoring the firm faces heterogeneous observabil-
ity of abatement carried out at home versus carried out abroad. I find
that it is feasible for a regulator to choose its policy such that the first
best abatement allocation is implemented even under incomplete informa-
tion regarding abroad abatement. I show, however, that this first best
allocation is not socially optimal under incomplete information. In fact, a
government concerned with welfare maximization should apply a quota to
restrict the use of abroad abatement certificates. Such a quota, inducing a
shift from abroad to domestic abatement, reduces the firm’s incentive for
non-compliance. As non-compliance becomes less likely, the government
can induce compliance via a smaller monitoring probability than without
a quota, which implies that expected monitoring costs are smaller. The
quota, of course, simultaneously distorts the abatement allocation of the
firm away from the efficient allocation, which affects welfare negatively.
However, at the margin, this negative distortion effect is smaller than the
positive effect reducing the monitoring expenditure. That is, at least a

small quota on abroad abatement should always be welfare enhancing in

30For quadratic cost functions ¢’ (0)=0, which implies that condition (2.6) would then
always be fulfilled.

31Convexity of the cost function ¢ (-) does not guarantee concavity of the welfare func-
tion, due to the last term of the welfare function —C(’mmh—A)M/(SJFC(IW"/%A)),
containing the monitoring probability of the government.

42



Monitoring Abatement in the Presence of an Import Quota

this framework. The results might not apply if the policy measure of choice
was not a quota, but a discount on/an allowability reduction for abroad

abatement.

Furthermore, my results suggest that while a small quota on abroad abate-
ment should be welfare enhancing, the government might not want to fully
prohibit abroad abatement altogether, but might want to allow for some.
The government is more likely to allow for abroad abatement, the smaller
the monitoring cost and the cost for the first unit of abroad abatement and
the larger the fine for non-compliance, the abatement obligation and the

cost of the last unit of domestic abatement.
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Chapter 3.

Reduced Allowability and the
Allocation of Emission
Abatement

3.1. Introduction

To fight climate change, industrialized countries have agreed to emission
reduction obligations under the Kyoto Protocol. These emission reduction
obligations implicitly determine emission caps for many firms within the
covered countries. Effectively, firms receive emission allowances up to a
predefined cap. The firms emit Green House Gas (GHG) as a byproduct
of their production process, and they may freely do so as long as they
have emission allowances to counteract them. All emissions that exceed
the cap have to be offset. Firms can offset these excess emissions either
by abating at home, by buying emission allowances from other firms that
have an excess capacity, or by using the Clean Development Mechanism
(CDM).32 The CDM is a GHG offset mechanism introduced in paragraph
12 of the Kyoto Protocol, which allows firms from industrialized countries
to abate in developing countries exploiting the latters’ lower abatement
costs. For each metric tonne of C'O, abatement under the CDM, industri-

alized country firms receive one emission allowance, a so called Certified

32Home abatement could involve domestic abatement action such as changing the pro-
duction technology, e.g., by introducing carbon filters or it could imply that firms
reduce their goods production to reduce emissions.
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Emission Reduction (CER), in return. CERs can then be used to offset

excess emissions.?

Scholars and politicians have raised several concerns over the CDM.3* The
most prominent and much-cited ones are the additionality problem and the

low-hanging fruits issue.

The additionality problem arises when CERs are paid out for emission re-
ductions that would have also occurred in the absence of the CDM. Emis-
sion reductions occurring in the absence of the CDM could result either
from foreign direct investment projects or from domestic projects of the
developing country itself. When CERs are paid out for such non-additional
emission reductions they effectively increase emissions above the Kyoto tar-
get instead of reducing them to meet the target. This happens due to the
fact that the CDM is a pure offset mechanism which implies that abating
one unit abroad means emitting one unit more at home. (see e.g. Greiner
and Michaelowa 2003).

The low-hanging fruits issue arises when industrialized counties make use of
the cheapest abatement options in the developing world, thereby crowding
out cheap future abatement options of developing countries. The idea is
that developing counties will face abatement obligations on their own in the
future and that the crowding out of cheap future abatement options will
leave them with high cost abatement only. High cost abatement, however,

might prevent the developing countries from abating at all.

Mainly driven by the additionality concern mentioned above, governments
have introduced restrictions on CERs. Some introduced quotas and others
thought about discounts for non-domestic abatement units. This happened
despite the fact that restricting the use of abroad abatement stands in con-
trast to the economic argument behind the CDM. The mechanism was in-
tended to be a market mechanism allocating abatement efficiently between

abatement options all over the globe. That means that, from an efficiency

33 A detailed explanation of the CDM process can be found in Section 1.2 of this thesis.

34 A general overview of the concerns regarding the CDM is provided in Paulsson (2009)
or Bakker et al. (2011).

350n the low-hanging fruits issue, see e.g. Rose et al. (1999) and Narain and van’t
Veld (2008). Chapter 1 of this thesis provides a static analysis of crowding out in
this context. A further paper dealing with crowding out of future abatement in the
context of climate policy is Elsayyad and Morath (forthcoming).
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viewpoint one should expect no discounting, but rather full allowability.

Quotas are used in the EU and were planned in Australia, and a discount
was discussed in California. The Californian government wanted to allow
CERs to be imported at a rate of 1.25 to 1 domestic abatement unit, which
is equivalent to a discount of 20% on CERs (Pew Center 2009). While
domestic emission allowances offset 1 tonne of C'O, equivalent, then, CERs
would only offset 20% of this tonne. In that case, CERs are, so to say, less
allowable to the abatement obligations than domestic emission allowances

are.36

The hope was that such a discount or allowability reduction generates real
emission reductions, breaking the pure offset character of the mechanism
and thereby reducing the severity of the additionality problem.3” In this
chapter I abstract from other restrictions on CERs and focuses on a price
instrument as it was discussed for California. That is, I analyze how an
allowability or discount rate for CERs affects the equilibrium allocation of
domestic and abroad abatement. I will examine whether or not reduced
allowability necessarily leads to a decrease of abatement in developing coun-
tries and if not, under which condition abroad abatement might actually

increase as a reaction to reduced allowability.

To answer these questions, I employ a cost minimization framework with
a representative firm facing an abatement obligation. Comparative stat-
ics with respect to the allowability rate show that the effect of reduced
allowability, both on domestic abatement in the industrialized country as
well as on abroad abatement under the CDM, can be decomposed in a
substitution and a quantity effect. The substitution effect is similar to a
substitution effect caused by a change in the relative "prices" of domestic
and abroad abatement. More precisely, the substitution effect corresponds
to the change in abatement stemming from a compensated relative decrease
in the allowability of CERs. The quantity effect measures the change re-

sulting from the increased need for abatement when previously used CERs

36Furthermore, the EU ETS completely excludes the import of some CERs from spe-
cific non-supported projects (nuclear power, forestry). Also, from 2012 onwards the
import of CERs generated in advanced developing countries is prohibited. However,
these restrictions will not be subject to my analysis.

37Schneider (2009) makes this argument and Alexeew et al. (2010), Bakker et al. (2011)
and Francois and Hamaide (2011) followed in the same spirit.
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are less allowable.

I find that domestic abatement increases as a result of an allowability re-
duction for CERs. Both partial effects, the substitution and the quantity
effect induce this increase. However, the effect of an allowability reduc-
tion on abroad abatement is ambiguous. While the quantity effect again
works towards an abatement increase, the substitution effect points in the
opposite direction and works towards a decrease. Which of the two domi-
nates the other and therefore the direction of the overall effect depends on
the policy advantage at home weighted with domestic relative to abroad
equilibrium abatement and the abatement elasticity of marginal domestic
abatement costs. I show that, under plausible assumptions, abroad abate-
ment can increase as a result of a relative allowability reduction for CERs.
The results are robust to the introduction of a secondary market for emis-
sion certificates as long as the price is endogenous, i.e. reacts to changes
in the allowability of CERs.

The decomposition of the change in abatement induced by a changed al-
lowability rate in substitution and quantity effect might remind the reader
of the textbook Slutsky decomposition. However, decomposing the effect
a relative price change has on a household’s consumption decision is not
the analog to the problem I analyze in the chapter at hand, but the dual
problem is. One could think of two goods being consumed by a house-
hold and utility weights for each of these goods. Then, a change in the
utility weight of one good imposes a quantity and substitution effect on a
consumer’s choice of how much to expend on one or the other good. This
utility weight is analogous to my allowability rate on abroad abatement

certificates.

Regarding the stated goal of weakening the additionality problem, my re-
sults are in line with the policy maker’s intention. Effective emission re-
ductions increase with an allowability reduction, and the CDM moves from
pure offsetting to actual GHG abatement. However, the issue of crowding
out might become more severe with an allowability reduction. As men-
tioned above, I find that abroad abatement does not necessarily decrease
as a reaction to an allowability reduction, but might also increase. When

crowding out is an issue, this issue worsens as abroad abatement increases.

47



Reduced Allowability and the Allocation of Emission Abatement

Thematically, this chapter joins the literature on permit trade with offset,
in which allowances from offset efforts are restricted. In this context Braun
et al. (forthcoming) try to explain the price spread between European
Emission Allowances (EUAs) and certificates from the CDM. They find
that CER import restrictions have explanatory power for this spread and
that the introduction of such restrictions reduces the demand for CERs.
However, they do not consider the choice between producing EUAs or CERs
and their import restriction is a quantity restriction that specifies how many
domestic emissions are allowed to be offset by CERs instead of EUAs. I,
in turn, define the import restriction as the fraction of CERs generated
abroad which is allowed to be imported to the ETS. Braun et al. (forth-
coming) are silent on the amount of CERs generated, i.e. the amount of
abatement occurring abroad, whereas I am focusing on the change in this
amount. Klemick (2012) defines the import restriction in a similar way
as [ do, namely as the trading ratio between offset credits and GHG al-
lowances. That is: the fraction of an EUA that a firm gets for one CER
generated abroad. However, she looks for the optimal discount parameter
in a world with three GHG emitting sectors where only one of them faces
an emission cap and emission leakage occurs between the sectors.®® She
finds that a discount or allowability rate smaller than one is optimal when
sectors are only partially covered and leakage occurs between covered and
uncovered sectors. She further states that a discount rate smaller than one
can be optimal even in the absence of leakage, if the emission baseline is
not stringent enough or when the emission cap is too lose. The effect of an
allowability reduction on the abatement decision is not a part of her anal-
ysis. I, however, focus precisely on this effect and its decomposition into
quantity and substitution effects. Bréchet et al. (2012) model the CDM as

38The term “leakage” refers to an increase of emissions in the uncovered sector resulting
from a decrease of emissions in the covered sector. Leakage can occur for various
reasons. One reason could be: Being covered by the environmental policy increases
the production cost of the covered sector relative to the uncovered one, at constant
demand, resulting in a production shift towards the uncovered sector. This produc-
tion shift is accompanied by an emission increase in the covered sector. Another
reason could be: In sectors that place a restriction on the use of polluting goods the
demand for these goods decreases, which leads to a decrease of the prices for these
goods. Consequently, sectors that are not subject to any restrictions buy more of
the polluting goods and end up emitting more.
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part of a global market for emission reductions but do not consider changes
in the (discount/allowability) rate of CERs.

The following section introduces the theoretical framework for the case
where a firm can simply generate domestic and abroad abatement. It dis-
plays the equilibrium analysis, comparative statics and the results. Section
3 extends the model introducing a third abatement option, namely buying
emission credits on a secondary market. The analysis first focuses on the
case with an exogenous price for bought credits before it examines the one

with an endogenous price. Section 4 concludes.

3.2. Theoretical Framework

3.2.1. Model

There is one representative firm that has to fulfill an abatement obligation
™" > 0.3 To fulfill its abatement obligation the firm can either abate at
home, 7, or abroad, z.% However, while one unit of domestic abatement,
ry, fully counts towards the abatement obligation, one unit of abroad
abatement, xp, counts only as « units towards the abatement obligation.
That means that ™" = zy + axp, where a € (0, 1], is the allowability

parameter for emission reductions carried out abroad.!

Abatement, ry and zp, generates abatement costs. The cost functions

mapping these costs differ between home and abroad. That is, abatement

39zmin > () is exogenously given and results from the firm’s output production decision
and the emission allowances the firm received, prior to this analysis. The firm’s out-
put production generates emissions as by-product. Emission allowances offset these
emissions, but those emissions that exceed the allowances constitute the abatement
obligation, ™.

40Home abatement could be a production reduction or refitting factories, while abroad
abatement can also include the use of new factories that generate less emissions than
a counterfactual baseline.

41The firm does not interact with other firms. That is, firms neither compete on the
output market, nor do they compete with others with respect to abatement costs,
in the sense that abatement becomes more expensive the more abatement projects
are already carried out by others. I deliberately abstract from strategic interaction
between firms to focus on the effects that occur when a firm’s isolated decision
between domestic and abroad abatement is distorted by an allowability reduction
for abroad abatement certificates.
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xpg causes abatement cost cy = h(xy), while xp causes cost cp = f(zF).
The cost functions h(-) and f(-) are assumed to be increasing, strictly con-
vex, continuous and differentiable with &' (xg) > 0, i (zg) > 0, f'(xp) > 0,
f"(xp) > 0 and h(0) = f(0) = 0.

The firm’s objective is to meet its abatement need ™" at the lowest pos-
sible costs. That is, the firm chooses its domestic and foreign abatement
g, xp € [0,00) to minimize the abatement cost, C' = ¢y + cp, subject to

man

its minimum abatement constraint, xrg + axp >

min h(zy)+ f(xp)

THXF
st.x™" < xyg+ axp.

The firm’s optimal choice of domestic and abroad abatement equalizes the

marginal cost for emission reduction at home and abroad,

W) =~ (o). (3.1)

Meanwhile, the minimum abatement constraint must be binding,
™" = 2y + azp. (3.2)

That is, the equilibrium amount of domestic abatement, x7;, is implicitly

characterized by:

* 1 1 min *
h' (vy) — &f’ <a (3? - xﬂ)) =0, (3.3)
while the equilibrium amount of abroad abatement, x7}., solves equation

h' ([L’mm — ax}) — ;f’ (x3) =0. (3.4)

Equations (3.3) and (3.4) show that optimal abatement, x}; and z7}., de-
pends on the marginal cost of domestic and abroad abatement, on the

n

abatement obligation, ™", and on the allowability rate for emission re-

ductions carried out abroad, «.
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3.2.2. Effect of an Allowability Reduction

Equations (3.3) and (3.4) suggest that changes in the allowability rate «
do affect equilibrium abatement. It remains to be seen how equilibrium
abatement is affected. What are the effects 4%/da and 4@%/da of reducing
a? Total differentiation of equations (3.1) and (3.2) yields,*?

dry M@ e 55
da Sf 7 (@R) Fah (ay) L f " (@) +ah” (af) '
and

do L f7"(x}) +ah” (xy)  Lf7(2%) +ah” (ay)

The overall effect of an increase in the allowability rate o on the level of
optimal domestic and abroad abatement consists of a substitution effect
(SE) and a quantity effect (QFE). For equations (3.5) and (3.6), the first
term on the right hand side is the SE and the second term is the QF.
The SE is the change in abatement solely induced by the change in rela-
tive allowability, while the QF is the change in abatement induced by the
need for additional abatement resulting from the allowability reduction for

abroad abatement.

Figure 3.1 graphically displays the decomposition in substitution and quan-
tity effect. The old equilibrium lies where the black dotted, downward-
sloping minimum abatement line is tangent to a solid black iso-cost-curve
- the firm abates 2% at home and 2% abroad. In doing so, the firm ful-
fills its abatement obligation ™", as the combination lies on the black
dotted line that represents all combinations of domestic and abroad abate-
ment, which fulfill the abatement obligation. Decreasing o changes the
relative valuation of domestic and abroad abatement. Domestic abate-

ment becomes relatively more valuable and abatement abroad relatively

425ee Appendix C for intermediate steps.
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Figure 3.1.: The Effect of an Allowability Reduction for Abroad Abate-
ment Certificates

less valuable. The black dotted line spins outward around its y-intercept
and becomes the solid black, downward-sloping line. The new equilibrium
lies where the solid black, new minimum abatement line, is tangent to a
solid black iso-cost-curve. Abatement at home and abroad amounts to z%
and z%. The difference 2% — 2% gives the overall effect of a decrease in
a on domestic abatement, the difference x% — % gives the overall effect
of a decrease in o on abatement abroad. However, the overall effect can
be decomposed into two partial effects: a substitution effect (SE) and a
quantity effect (QF). To isolate the SE, I look at the effect that occurred if
the firm was exactly compensated for a decrease in o with a smaller abate-
ment obligation ™" such that it could still uphold the old equilibrium
abatement. The compensated minimum abatement line is the dashed gray,
downward-sloping line. With this compensated minimum abatement line,
the equilibrium abatement was z}; and zk. Now the difference z}, — 2%
and zk — z% provides the isolated SE and the difference x%, — z}; and
1% — r1 the isolated QF of a decrease in a on the abatement at home and
abroad. While both SE and QF go in the opposite direction of a change
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in o for domestic abatement, this is only true for the QF in case of abroad
abatement. The SE of abroad abatement goes in the same direction as the
change in . As indicated in the introduction, the resemblance with the
textbook Slutsky decomposition, depicting the substitution and income ef-
fect of a relative price change for a consumer choosing between two goods,

1.43

is not coincidental.*> However, to be precise, it is not exactly the textbook

case that is analogous to my problem at hand, but its dual problem.**

Likewise, in the abatement decision at hand, the firm minimizes its abate-
ment cost, subject to a minimum abatement constraint, by optimally choos-
ing its domestic and foreign abatement. As the allowability of abroad
abatement decreases, the equilibrium abatement decision changes. This
effect on equilibrium abatement is then decomposed into a substitution ef-
fect resulting from the change in relative allowability and a quantity effect
resulting from the fact that, as foreign abatement counts less, the original
equilibrium abatement falls short of the minimum abatement requirement.

That is, domestic and possibly also abroad abatement has to increase to
fill the shortfall.

Proposition 3.1.

Both partial effects of a reduction in allowability «, the substitution and
quantity effects, on optimal domestic abatement, x3;, are negative. There-
fore, the optimal amount of investment in domestic abatement, xj;, in-

creases, as allowability o decreases.

Proof.
The denominator of equation (3.5) is positive, as a € (0,1] and h"” (),
" () > 0 due to the strict convexity of cost functions h (), f (-).

43E.g. Mas-Colell et al. (1995) cover the Slutsky decomposition.

441n the dual problem, an individual minimizes its consumption expenditure while keep-
ing its utility constant. The individual does so by optimally choosing the consump-
tion amounts of two different goods. Suppose now that the two different goods have
different utility weights for the deciding individual and that the utility weight for
one of the goods decreases. The decreased utility weight affects the distribution of
consumption between the two goods. This consumption effect can be decomposed
into a substitution effect resulting from the change in relative utility weights and a
quantity effect resulting from the fact that consumption now falls short of fulfilling
the original utility level. Either the consumption of one or the other good, or of
both goods has to increase to fill this shortfall. This, in turn, leads to an increase in
expenditure.
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Therefore, SEy < 0, as — (Ya) f’ (2%) is negative. This is due to o € (0, 1]

and the assumption of continuously increasing abroad abatement costs.

Furthermore, QFEy < 0, as — (1/a) x5 f” (z}) is non-positive. This is due
to the fact that a € (0,1], that xp € [0,00) and that f(-) is strictly

convex. ]

The allowability reduction makes domestic abatement more valuable rel-
ative to foreign abatement. Hence, the optimal domestic abatement in-
creases. This explains the negative SEy in equation (3.5). Regarding the
negative Q) Fy in equation (3.5), the argument is the following: as allowabil-
ity a decreases, the original abatement allocation of domestic and abroad
abatement is no longer sufficient to comply with the minimum abatement
obligation ™" 45 This is due to the fact that, after the decrease in the
allowability rate, only a fraction of the formerly allowed abroad abatement
can be used as offset. The amount of allowable abatement z%; +ax%, where
the superscript denotes the old equilibrium, falls short of the obligation
2™, This shortfall has to be compensated with an abatement increase.
The increase can result from increasing domestic and abroad abatement.
Therefore, the Q Ey is negative. As both partial effects, of an allowability
reduction on domestic abatement are negative, so is the cumulative effect
of the two. That is, domestic abatement reacts with an increase to the
allowability reduction.For the effect of an allowability reduction on abroad

abatement, 4% /da, the results are less straightforward.

Proposition 3.2.

While the substitution effect of a reduction in allowability o on optimal
abroad abatement x7. is positive, the quantity effect is negative. Therefore,
abroad abatement increases as a result of a decrease in allowability o if
and only if the value of domestic relative to abroad equilibrium abatement
is smaller than the abatement elasticity of marginal domestic abatement

costs.

That is, if *u/azy < (g ) sy where €y )y = h" (x3) (xH/h'(xH)>

* *
TH )Ty TH )

45The prerequisite for this is that abroad abatement, occurs in the original equilibrium.
If 27, was zero, the QEy would be as well.
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Proof.
The denominator of equation (3.6) is positive, as a € (0,1] and h"” (),
f” () > 0 due to the strict convexity of cost functions h (), f (-).

Therefore, SEr > 0, as (1/a?) f'(x7) is positive. This is due to a € (0, 1]

and the assumption of continuously increasing abroad abatement costs.

However, QEr < 0, as —h"(z};)x} is non-positive. This is due to the

assumptions that zr € (0, cojand that & (+) is strictly convex.
From SEr > 0 and QFEFr < 0 follows directly that

dzy/da < 0 if SEp < —QFEp, while ¢%/da > 0 if SEp > —QFEF.
That is, %5/da < 0 for (o) f'(z}) < ah” (x}) x5

and 4k/da > 0 for (1a) f'(x3) > ah” (z};) x5

As in equilibrium (1/a) f'(z}) = k' (x7;), this is equivalent to

d * 1 hl/ * d * 1 h/l *

it I L BT > M (@)

da axh  h'(xy) da axy — h'(xy)
which is again equivalent to

d * * d * *

TR0 T <y, and S >0 L >,

do ary (#3) @5 da ary (#3r) 3

O

Decreasing the allowability of abroad abatement makes domestic abate-
ment more valuable relative to abroad abatement. This works towards a
decrease of optimal abroad abatement and explains the positive SEr in
equation (3.6). Regarding the negative QEr in equations (3.6), the same
argument holds as for Proposition 1: as allowability a decreases, the orig-
inal abatement allocation of domestic and abroad abatement no longer
suffices to comply with the minimum abatement obligation z™™. This
shortage has to be compensated with an abatement increase. The increase
can result from increasing domestic and abroad abatement, therefore the

QEF is negative.
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As substitution and quantity effects point into different directions and nei-
ther clearly outweighs the other, an allowability reduction can a priori

increase abroad abatement, leave it unchanged or decrease it.

The case where abroad abatement decreases as a result of an allowability
reduction is unsurprising. This is the case in which the positive SEr out-
weighs the negative Q Fr. That means that the overall effect of a decrease
in allowability a on abroad abatement goes in the same direction as the

corresponding substitution effect does.

More interesting is the case of Proposition 3.2, in which abroad abatement
increases due to the allowability reduction. An increase of abroad abate-
ment occurs when the negative QQEr outweighs the positive SEr. This
is the case when a relatively large part of the additional abatement need
resulting from a decreased « is covered by expanding abroad abatement -
of the total quantity effect QEg+QFEF, i.e. of the increase in the firm’s
overall abatement, a relatively large part is allotted to abroad abatement.
Generally, either domestic abatement or abroad abatement, or both, can
increase to fill the additional abatement need, but the increase of abroad
abatement will be strong enough to overcompensate the abatement reduc-
tion due to the relative change in allowability only if the negative QQ Er on
abroad abatement outweighs the positive SEr on abroad abatement. That

is, abroad abatement increases if the following is true:

*

TH
al‘*F < Eh’(xj{),xj‘q' (37)

The left hand side of condition (3.7) is domestic over abroad equilibrium
abatement where abroad abatement is discounted by the allowability rate o
such that the entire expression is displayed in domestic abatement units. If
this relative value of domestic to abroad abatement is smaller than the elas-
ticity of marginal domestic abatement costs, abroad abatement increases
with a reduction in allowability «. Condition (3.7) is more likely to be
fulfilled if (i) the policy advantage at home is small (alpha is large) and (ii)
the marginal abatement cost at home at the optimum reacts strongly to
increases in domestic abatement. The condition implies that abroad abate-
ment increases as a reaction to an allowability reduction when the policy

advantage at home weighted with relative domestic equilibrium abatement
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is smaller than the reaction of the marginal domestic abatement costs to a
1% increase of domestic abatement. Further, for h” (z3;) — 0 the condition
would never be fulfilled, but as h” (x%;) gets larger so does the probability
that condition (3.7) is fulfilled. That is, the more convex domestic abate-
ment costs are in equilibrium, the more likely is it that abroad abatement
increases with a decrease in «.The intuition behind this is that a decrease in
a makes abroad abatement more expensive relative to domestic abatement
but, as long as positive amounts of abroad abatement are carried out, also
increases the amount of effective abatement needed to meet the abatement
obligation. As abroad abatement becomes more expensive, the firm re-
duces abroad abatement and increases domestic abatement. In addition to
that, however, the firm must increase its overall abatement to ensure that
the abatement obligation is met. This increase will be covered solely by a
domestic abatement increase when marginal domestic abatement costs are
close to constant. In this case, all additional units of domestic abatement
cost are nearly the same as the last unit in the pre-change equilibrium.
However, as soon as domestic abatement costs are sufficiently convex in
equilibrium, that is, as soon as the costs for additional units of domestic
abatement increase sufficiently quickly, the increase will be covered by both

an increase in domestic and in abroad abatement.

3.3. Alternative Abatement Option: Buying

Certificates on a Secondary Market

So far, [ have assumed that a firm can only decide between actively abating
at home or abroad. However, the firm might have an additional option:
buying emission allowances on a secondary market. One of these allowances
is equivalent to the abatement of one tonne of C'O, equivalent and fully
allowable to the firm’s abatement obligation.“*The firm I have in mind is

subject to an emission trading scheme (ETS) and affected by the change

461 do not make a distinction between allowances generated at home or abroad. Al-
lowances x4 can be generated both ways, but are measured in units of domestic
allowances.
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in the allowability rate. It also uses the Clean Development Mechanism.

This firm can buy allowances x4 at price p.

3.3.1. Exogenous Price

Suppose a firm faces an exogenous price p on the secondary market for
emission certificates. That is, the firm’s abatement decision has no effect
on the price and, therefore, neither has a change in .*” The firm can either
be efficient or inefficient. If efficient, the firm has low marginal abatement
costs and sells abatement units on the market. If inefficient, the firm has
high marginal abatement costs and buys abatement units on the market.*®
Independent of being a seller or buyer of emission certificates, the firm
minimizes:

min h(QZH) -+ f (QZF) +pr

THLTF,TA
st. ™" <xy+arp+xa,

where x4 < 0 if the firm is efficient and z4 > 0 if the firm is inefficient.

This yields the first order conditions:

! [~ 1 ! (~
p=h'(Ty) = af (Zr) (3.8)
and
2" =Ty 4+ aZp + T (3.9)

Again, 74 < 0 if the firm is efficient and Z4 > 0 if the firm is inefficient.*’

Condition (3.8) ensures that marginal abatement costs are equalized be-
tween the three abatement options. The marginal cost of buying (marginal

benefit of selling) abatement is simply the price. Condition (3.9) secures

47Only one firm or a small fraction of firms that is subject to the ETS and uses the
CDM is affected by the allowability change.

48Low marginal abatement costs imply that k' (x%;) = (Y/a) f’ (z}) < p. High marginal
abatement costs imply that k'’ (z3;) = (Ya) f' (z}) > p, where z3; and z}. corre-
spond to the optimal choices in the case without a secondary market in the previous
section.

9%, Zr and T4 denote equilibrium choices.
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that the minimum abatement obligation is fulfilled in equilibrium. Let T 45
denotes the equilibrium supply of allowances sold if the firm is a seller and

T ap the equilibrium demand for allowances bought if the firm is a buyer.

Proposition 3.3.

When buying emission certificates constitutes an additional abatement op-
tion and prices are exogenous, a decrease in allowability o has no effect on
domestic abatement. However, abroad abatement and the number of sold
allowances each decrease if the firm is a seller, while bought allowances

increase if the firm is a buyer.

Proof.
Total differentiation of equations (3.8) and (3.9) results in the following ef-

fects of a change in allowability o on domestic and abroad abatement:

dtg 1 dp
do h"(Zy)da

dip 1 f'(Zp)

d = — )
A T a frr)

These effects are independent of the firm being a seller or buyer of emission
certificates. But the effect on the choice of how much to sell/buy, of course,

depends on being a seller or buyer. If the firm is a seller, it is

dTas _ f(Tr)
do f"(zr)

+5F7

if the firm is a buyer, it is

diap _ f'@r) P

do f"(zF)

As p is by assumption exogenous, that is, 9/da = 0, the effect on domestic
abatement is

dig 1 dp

do.  h'"(Zg)da

The effect on abroad abatement is

drp 1 f'(TF)
doe o f'(TF)

>0,

this results directly from the assumption of continuously increasing and
convex abroad abatement costs and from « € (0,1]. The effect on sold
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abatement is

diL‘;‘S _ f,(fp)

T 0
do f”(fF) +xp >0,

the first term is positive due to the assumption of continuously increasing
and convex abroad abatement costs, and the second term is non-negative,
as xp € [0,00). Likewise, the effect on bought abatement is

diap  f'(@r)

do __f”(fF)_xF<0.

]

In the case where the market price of domestic emission allowances is ex-
ogenous, i.e. unaffected by the abatement choice of the firm under consid-
eration, the firm’s domestic abatement remains unaffected by changes in
the allowability parameter «, while its abroad abatement and the amount
of allowances sold decreases (the amount of allowances bought increases).
Intuitively, these effects can be explained by the following reasoning. Sup-
pose in equilibrium the firm uses a mix of all three abatement options. An
increase in the allowability parameter, «, then triggers similar effects as
in Section 3.2. First, compared to the old equilibrium, abroad abatement
becomes more expensive compared to the other options, and, second, a

larger amount of abatement is needed to fulfill the obligation z™™".

If the firm is a selling firm, starting in an equilibrium in which it used
both domestic and abroad abatement and sold over-produced abatement
on the secondary market, a decrease in a reduces abroad abatement. As
a direct consequence, the quantity sold, x 45, is reduced. The firm reduces
the quantity sold to provide the additional units needed to fulfill ™" as
the marginal sales benefits foregone are smaller than the abatement costs
for one additional unit of domestic or abroad abatement would be. This is
the case, as the cost functions h(-) and f(-) are strictly convex while the

market price p is fixed.

Also, if the firm is a buying firm starting in an equilibrium in which it used
all three abatement options (domestic and abroad abatement and buying

on the secondary market), a decrease in « reduces abroad abatement. The
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firm uses the cheapest option to compensate for the abatement loss. The
cheapest option is to increase the amount of abatement bought, as the
market price p is fixed, while abatement costs at home and abroad follow

a convex increase.

Domestic abatement is unaffected by the allowability reduction both if
the firm is an efficient, selling firm and if the firm is an inefficient buying
firm. Hence, domestic abatement remains unchanged, abroad abatement
decreases and an efficient firm decrease its supply while an inefficient firm

increases its demand.

These results are contrary to those in Section 3.2. In Section 3.2, the anal-
ysis without a fixed price option of selling/buying allowances, I find that
domestic abatement always increases and abroad abatement might either
increase or decrease. This was due to the fact that a decrease in o gener-
ated the need for more abatement and this need had to be fulfilled using the
two options at hand, domestic and abroad abatement. However, as soon
as a third option exists, this third option is chosen whenever it is cheaper
than the other two. Reducing fixed price supply or increasing fixed price
demand is always cheaper than abating at increasing marginal abatement
costs. However, once the price for bought allowances is endogenous, the
analysis and the resulting effects change substantially, as will be shown in

the next subsection.

3.3.2. Endogenous Price

Now suppose there are two firms ¢ and j that have asymmetric abatement
obligations 27" > z7*" but face the same abatement cost functions h (-)
and f (-) at home and abroad.”® Furthermore, the firms engage in bilateral
trade of emission certificates and the price for traded certificates is a result

of this bilateral interaction.

Proposition 3.4.

Consider two firms i and j with abatement obligations x™™ > w;m” With

590ne can think of two firms that face similar abatement opportunities and receive the
same amount of initial allowances prior to my analysis, but differ in the emission
intensity of their final good production process. That is, they differ in the amount
of emissions they need to offset and therefore face different abatement obligations.
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an endogenous price for traded certificates, firms i and j abate T; = T; =
(apmtait) fo Vo € (0,1). Purthermore, i buys ((ﬂﬁlﬂmﬂ}nm)/z) — 2" certifi-
cates from j.°!

Proof.

Let p be the equilibrium price from equation (3.8). For p and Vo € (0, 1],
p=h'(Fn) = (Ya) f' (Fr) and p = h' (Fu,) = (1/a) f' (¥r,) have to hold
in equilibrium.

That iS, h' (sz) = (1/0‘) f, (fF«b) =h' (fH]> = (1/0‘) f/ (fFJ)

Therefore, Ty, = Ty, and T, = Ty, must hold as well.”?

By definition, overall abatement must be z"" + 27"". As Z; = Z;, i and j
share the overall abatement,
xm'm + wmin

xi—xj—f.

Therefore, as zj"™ > x| j sells

_ xlmin + x;nm
Tas; =~ %" = Tap,

units of abatement to <. O

For two firms 4 and j that differ only in their abatement obligation, 2" >

min
J
functions A (+) at home and f (-) abroad, optimal outputs must be the same

™" but are completely symmetric with respect to their abatement cost
if trade is possible between the two. Intuitively, if ¢ abated more than j, the
marginal abatement costs would not be equalized between the two. Rather,
1 would have larger marginal abatement costs than j. Reducing its abate-
ment by one unit would generate more cost savings for ¢ than increasing its
abatement by one unit would generate in additional costs for j. Hence, they
equalize their marginal costs by equalizing their abatement and j sells its

overproduction to ¢, who needs it to comply with its abatement obligation.

51Equilibrium choices are marked with tildes.
®2Recall that i and j have identical cost functions h(-) for domestic and f(-) for abroad

abatement and that the asymmetry is introduced via 2" > w}”i”.
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Corollary 3.1.
With an endogenous price for traded certificates, the effects of a reduction

in a are exactly as in Propositions 3.1 and 3.2.

Proof.

From Proposition 3.4 follows that the amount sold
Tpg, = —F—"— 5 T — "

is independent of a (4%as;/da = 0). That is, the effect of a reduction in
a can only be allotted to firm i’'s individual decision to invest in zp, and
Tr,. As the decrease in a as well as the abatement obligation z!™" is the
same as without trade, the effects on Ty, and T, are analogous to the ones
without trade, as well. The same holds true for firm j. From here on, see

the proof of Propositions 3.1 and 3.2. O]

If two firms bilaterally trade certificates on a secondary market, the amount
of emission certificates that is traded is unaffected by changes in «. This
is due to the fact that the amount traded is half the difference between
the high and low abatement obligation and this difference is independent
of changes in allowability a due to the exogeneity of the abatement obli-
gations. Consequently, the increased need for abatement resulting from
the fact that abroad equilibrium abatement now counts less to the abate-
ment obligation than before has to be fully dealt with by the individual
firm. That is, as in the analysis without trade, the firm only has two
options to meet the increased need for abatement: domestic and abroad
abatement. An allowability reduction increases domestic abatement. At
the same time, foreign abatement can increase (decrease) as a result of a
decrease in allowability « if the value of domestic equilibrium abatement
relative to abroad equilibrium abatement is smaller than (larger than) the

abatement elasticity of marginal domestic abatement costs.

As the firm’s problem is analogous to the one without trade, condition
(3.7) applies again. That is, abatement abroad increases, reacting to an

allowability reduction, when in equilibrium the policy advantage at home
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weighted with domestic relative to abroad abatement is smaller than the

abatement elasticity of marginal domestic abatement costs.

While the amount of traded emission certificates remains unchanged, the
price for the intramarginal certificate increases with an allowability reduc-
tion. As marginal abatement costs over all abatement options have to be
equalized in equilibrium and marginal abatement costs at home and abroad

increase with a decrease in «, the same has to hold for p.

The fact that traded emissions remain unchanged despite the price increase
is due to the symmetry of firms ¢ and j with respect to the abatement cost
functions. This symmetry implies that the supply and demand curves for
traded certificates have the same elasticities. As, in addition to that, the
change in « affects both firms in the same way, the supply curve shifts
upwards in the same way that the demand curve shifts upwards. That is,
the price increases, but the amount of traded emission credits remains the

salne.

This would change if firms ¢ and j were asymmetric with respect to their
abatement cost functions and supply and demand curves had different elas-
ticities. With a decrease in «, the amount traded would then increase if
supply was more elastic than demand and would decrease if supply was
less elastic than demand. The intuition is that the amount traded would
increase if the seller’s reaction were more elastic to the price effect, but

would decrease if the buyer’s reaction were more elastic to the price effect.

In contrast to the case with an exogenous price, however, 4n/da will never
be zero, but will always be negative. Furthermore, while the condition
for dzr/da < 0 would be stricter if the firms had asymmetric elasticities of
supply and demand, an increase of foreign abatement following from the
allowability reduction can never be ruled out entirely. The reason for this
is that the supply of emission certificates can never be perfectly elastic in

the two firm case as abatement cost functions are convex by assumption.®

53To offer perfectly elastic supply, selling firm j would need constant marginal abatement
costs (where marginal abatement costs are larger than average abatement costs) for
the domestic and abroad abatement that makes up its supply. However, firm j
has, by assumption, convex abatement costs for domestic and abroad abatement.
Therefore, its supply of emission certificates will never be perfectly elastic.
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3.4. Conclusion

This chapter considers a firm’s decision to abate at home and abroad in
a classical economic framework, i.e., cost minimization under a minimum
output constraint. In this framework, decreasing the allowability of abroad
emission certificates induces an increase of domestic abatement, but the
effect on abroad abatement is ambiguous. I show that abroad abatement
can also increase, when the policy advantage at home weighted with domes-
tic relative to abroad abatement is smaller than the abatement elasticity
of marginal domestic abatement costs. These findings are robust to the
introduction of a secondary market for certificates as long as the price for

certificates reacts to the change in allowability.

With respect to the policy goal associated with an allowability reduction,
the objective of providing a counter measure against non-additionality - by
breaking the pure offset character of the CDM and generating real emission
reductions - seems to be met. The results in this chapter imply that emis-
sions of affected firms (weakly) decrease due to the allowability reduction
for CERs. Emissions decrease if firms used abroad abatement before the
policy change and continue to use it afterward, and emissions would re-
main unchanged in the extreme case in which abroad abatement was fully

substituted for by domestic abatement.

My results, however, do not only suggest that overall abatement increases,
but also that a part of this increase can happen abroad. If abroad abate-
ment increases, an implication of this increase could be the reinforcement

of the crowding out of low-hanging fruits in the developing world.

Likewise, reducing the allowability of abroad abatement might fail to reduce
the monitoring problem regarding abroad abatement considered in Chapter

2 if abroad abatement does not react with a decrease, but with an increase.

Consequently, a quota on abroad abatement, as considered in Chapter 2,
may be (weakly) superior to an allowability or discount rate whenever
policy-makers care about the crowding-out of (future) abatement efforts of
the developing countries or care to reduce the monitoring problem regarding
abroad abatement. The reason for this is that with a quota the quantity

effect is omitted. Admittedly for every allowability reduction, there should
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exist a corresponding reduction in the total abatement obligation such that
the combined policy (allowability reduction plus reduction in abatement
obligation) leads to an equivalent outcome as a given quota. However,
politicians never considered decreasing the abatement obligation along with
the allowability of abroad abatement. That is, opposing effects on the
abatement allocation resulting from discount or allowability rate and quota

can not be ruled out.

While I show that the possibility for the increase of abroad abatement ex-
ists, it is up to further research to provide deeper insights into the condition
under which we see an increase of abroad abatement. A means to gener-
ate these insights could be the empirical estimation of the domestic policy
advantage and the elasticity of marginal domestic abatement costs, which

determine the condition for an increase of CDM abatement.
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Appendix to Chapter 1

Legal Framework on the Clean Development Mechanism

Articles 3 and 12 of the Kyoto Protocol®

Article 3

1. The Parties included in Annex I shall, individually or jointly, ensure that their aggregate
anthropogenic carbon dioxide equivalent emissions of the greenhouse gases listed in Annex A
do not exceed their assigned amounts, calculated pursuant to their quantified emission limitation
and reduction commitments inscribed in Annex B and in accordance with the provisions of this
Article, with a view to reducing their overall emissions of such gases by at least 5 per cent
below 1990 levels in the commitment period 2008 to 2012.

2. Each Party included in Annex I shall, by 2005, have made demonstrable progress in
achieving its commitments under this Protocol.

3. The net changes in greenhouse gas emissions by sources and removals by sinks resulting
from direct human-induced land-use change and forestry activities, limited to afforestation,
reforestation and deforestation since 1990, measured as verifiable changes in carbon stocks in
each commitment period, shall be used to meet the commitments under this Article of each Party
included in Annex I. The greenhouse gas emissions by sources and removals by sinks associated
with those activities shall be reported in a transparent and verifiable manner and reviewed in
accordance with Articles 7 and 8.

S4UNFCCC (1997)
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4. Prior to the first session of the Conference of the Parties serving as the meeting of the
Parties to this Protocol, each Party included in Annex I shall provide, for consideration by the
Subsidiary Body for Scientific and Technological Advice, data to establish its level of carbon
stocks in 1990 and to enable an estimate to be made of its changes in carbon stocks in
subsequent years. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall, at its first session or as soon as practicable thereafter, decide upon modalities,
rules and guidelines as to how, and which, additional human-induced activities related to
changes in greenhouse gas emissions by sources and removals by sinks in the agricultural soils
and the land-use change and forestry categories shall be added to, or subtracted from, the
assigned amounts for Parties included in Annex I, taking into account uncertainties, transparency
in reporting, verifiability, the methodological work of the Intergovernmental Panel on Climate
Change, the advice provided by the Subsidiary Body for Scientific and Technological Advice in
accordance with Article 5 and the decisions of the Conference of the Parties. Such a decision
shall apply in the second and subsequent commitment periods. A Party may choose to apply
such a decision on these additional human-induced activities for its first commitment period,
provided that these activities have taken place since 1990.

5. The Parties included in Annex I undergoing the process of transition to a market
economy whose base year or period was established pursuant to decision 9/CP.2 of the
Conference of the Parties at its second session shall use that base year or period for the
implementation of their commitments under this Article. Any other Party included in Annex I
undergoing the process of transition to a market economy which has not yet submitted its first
national communication under Article 12 of the Convention may also notify the Conference

of the Parties serving as the meeting of the Parties to this Protocol that it intends to use an
historical base year or period other than 1990 for the implementation of its commitments under
this Article. The Conference of the Parties serving as the meeting of the Parties to this Protocol
shall decide on the acceptance of such notification.

6. Taking into account Article 4, paragraph 6, of the Convention, in the implementation of
their commitments under this Protocol other than those under this Article, a certain degree of
flexibility shall be allowed by the Conference of the Parties serving as the meeting of the Parties
to this Protocol to the Parties included in Annex I undergoing the process of transition to a
market economy.

7. In the first quantified emission limitation and reduction commitment period, from 2008
to 2012, the assigned amount for each Party included in Annex I shall be equal to the percentage
inscribed for it in Annex B of its aggregate anthropogenic carbon dioxide equivalent emissions
of the greenhouse gases listed in Annex A in 1990, or the base year or period determined in
accordance with paragraph 5 above, multiplied by five. Those Parties included in Annex I

for whom land-use change and forestry constituted a net source of greenhouse gas emissions

in 1990 shall include in their 1990 emissions base year or period the aggregate anthropogenic
carbon dioxide equivalent emissions by sources minus removals by sinks in 1990 from land-use
change for the purposes of calculating their assigned amount.

8. Any Party included in Annex I may use 1995 as its base year for hydrofluorocarbons,
perfluorocarbons and sulphur hexafluoride, for the purposes of the calculation referred to in
paragraph 7 above.

9. Commitments for subsequent periods for Parties included in Annex I shall be established
in amendments to Annex B to this Protocol, which shall be adopted in accordance with the
provisions of Article 21, paragraph 7. The Conference of the Parties serving as the meeting of
the Parties to this Protocol shall initiate the consideration of such commitments at least

seven years before the end of the first commitment period referred to in paragraph 1 above.

10.  Any emission reduction units, or any part of an assigned amount, which a Party acquires

from another Party in accordance with the provisions of Article 6 or of Article 17 shall be added
to the assigned amount for the acquiring Party.
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11.  Any emission reduction units, or any part of an assigned amount, which a Party transfers
to another Party in accordance with the provisions of Article 6 or of Article 17 shall be
subtracted from the assigned amount for the transferring Party.

12. Any certified emission reductions which a Party acquires from another Party in
accordance with the provisions of Article 12 shall be added to the assigned amount for the
acquiring Party.

13.  If the emissions of a Party included in Annex I in a commitment period are less than its
assigned amount under this Article, this difference shall, on request of that Party, be added to the
assigned amount for that Party for subsequent commitment periods.

14.  Each Party included in Annex I shall strive to implement the commitments mentioned in
paragraph 1 above in such a way as to minimize adverse social, environmental and economic
impacts on developing country Parties, particularly those identified in Article 4, paragraphs 8
and 9, of the Convention. In line with relevant decisions of the Conference of the Parties on the
implementation of those paragraphs, the Conference of the Parties serving as the meeting of the
Parties to this Protocol shall, at its first session, consider what actions are necessary to minimize
the adverse effects of climate change and/or the impacts of response measures on Parties referred
to in those paragraphs. Among the issues to be considered shall be the establishment of funding,
insurance and transfer of technology.

Article 12
1. A clean development mechanism is hereby defined.

2. The purpose of the clean development mechanism shall be to assist Parties not included
in Annex I in achieving sustainable development and in contributing to the ultimate objective
of the Convention, and to assist Parties included in Annex I in achieving compliance with their
quantified emission limitation and reduction commitments under Article 3.

3. Under the clean development mechanism:

(a) Parties not included in Annex I will benefit from project activities resulting in
certified emission reductions; and

(b) Parties included in Annex I may use the certified emission reductions accruing
from such project activities to contribute to compliance with part of their quantified emission
limitation and reduction commitments under Article 3, as determined by the Conference of the
Parties serving as the meeting of the Parties to this Protocol.

4. The clean development mechanism shall be subject to the authority and guidance of the
Conference of the Parties serving as the meeting of the Parties to this Protocol and be supervised
by an executive board of the clean development mechanism.

5. Emission reductions resulting from each project activity shall be certified by operational
entities to be designated by the Conference of the Parties serving as the meeting of the Parties to
this Protocol, on the basis of:

(a) Voluntary participation approved by each Party involved;

(b) Real, measurable, and long-term benefits related to the mitigation of climate
change; and

(c) Reductions in emissions that are additional to any that would occur in the absence
of the certified project activity.
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6. The clean development mechanism shall assist in arranging funding of certified project
activities as necessary.

7. The Conference of the Parties serving as the meeting of the Parties to this Protocol
shall, at its first session, elaborate modalities and procedures with the objective of ensuring
transparency, efficiency and accountability through independent auditing and verification of
project activities.

8. The Conference of the Parties serving as the meeting of the Parties to this Protocol shall
ensure that a share of the proceeds from certified project activities is used to cover administrative
expenses as well as to assist developing country Parties that are particularly vulnerable to the
adverse effects of climate change to meet the costs of adaptation.

9. Participation under the clean development mechanism, including in activities mentioned
in paragraph 3 (a) above and in the acquisition of certified emission reductions, may involve
private and/or public entities, and is to be subject to whatever guidance may be provided by the
executive board of the clean development mechanism.

10.  Certified emission reductions obtained during the period from the year 2000 up to the
beginning of the first commitment period can be used to assist in achieving compliance in the
first commitment period.
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Modalities and Procedures for a Clean Development Mechansim
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ANNEX

Modalities and procedures for a clean development mechanism

A. Definitions

1. For the purposes of the present annex the definitions contained in Article 1' and the provisions of
Article 14 shall apply. Furthermore:

(@

(b)

(d)

(e)

An “emission reduction unit” or “ERU” is a unit issued pursuant to the relevant
provisions in the annex to decision 13/CMP.1 and is equal to one metric tonne of carbon
dioxide equivalent, calculated using global warming potentials defined by decision
2/CP.3 or as subsequently revised in accordance with Article 5;

A “certified emission reduction” or “CER” is a unit issued pursuant to Article 12 and
requirements thereunder, as well as the relevant provisions in these modalities and
procedures, and is equal to one metric tonne of carbon dioxide equivalent, calculated
using global warming potentials defined by decision 2/CP.3 or as subsequently revised in
accordance with Article 5;

An “assigned amount unit” or “AAU” is a unit issued pursuant to the relevant provisions
in the annex to decision 13/CMP.1 and is equal to one metric tonne of carbon dioxide
equivalent, calculated using global warming potentials defined by decision 2/CP.3 or as
subsequently revised in accordance with Article 5;

A “removal unit” or “RMU” is a unit issued pursuant to the relevant provisions in the
annex to decision 13/CMP.1 and is equal to one metric tonne of carbon dioxide
equivalent, calculated using global warming potentials defined by decision 2/CP.3 or as
subsequently revised in accordance with Article 5;

“Stakeholders” means the public, including individuals, groups or communities affected,
or likely to be affected, by the proposed clean development mechanism project activity.

B. Role of the Conference of the Parties serving as
the meeting of the Parties to the Kyoto Protocol

2. The Conference of the Parties serving as the meeting of the Parties to the Kyoto Protocol
(COP/MOP) shall have authority over and provide guidance to the clean development mechanism

(CDM).

3. The COP/MOP shall provide guidance to the Executive Board by taking decisions on:

(a)
(®)

(©

The recommendations made by the Executive Board on its rules of procedure;

The recommendations made by the Executive Board, in accordance with provisions of
decision 17/CP.7, the present annex and relevant decisions of the COP/MOP;

The designation of operational entities accredited by the Executive Board in accordance
with Article 12, paragraph 5, and accreditation standards contained in appendix A below.

4, The COP/MOP shall further:

(a)

Review annual reports of the Executive Board;

" In the context of this annex, “Article” refers to an Article of the Kyoto Protocol, unless otherwise specified.

S5UNFCCC (2005)
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(®)

(©

(d)

Review the regional and subregional distribution of designated operational entities and
take appropriate decisions to promote accreditation of such entities from developing
country Parties;’

Review the regional and subregional distribution of CDM project activities with a view
to identifying systematic or systemic barriers to their equitable distribution and take
appropriate decisions, based, inter alia, on a report by the Executive Board,;

Assist in arranging funding of CDM project activities, as necessary.

C. Executive Board

S. The Executive Board shall supervise the CDM, under the authority and guidance of the
COP/MOP, and be fully accountable to the COP/MOP. In this context, the Executive Board shall:

(a)

(b)

(©)
(d)

(e)

®

(8

(h)

(@)

)

Make recommendations to the COP/MOP on further modalities and procedures for the
CDM, as appropriate;

Make recommendations to the COP/MOP on any amendments or additions to rules of
procedure for the Executive Board contained in the present annex, as appropriate;

Report on its activities to each session of the COP/MOP;

Approve new methodologies relating to, inter alia, baselines, monitoring plans and
project boundaries in accordance with the provisions of appendix C below;

Review provisions with regard to simplified modalities, procedures and the definitions of
small-scale project activities and make recommendations to the COP/MOP;

Be responsible for the accreditation of operational entities, in accordance with
accreditation standards contained in appendix A below, and make recommendations to
the COP/MOP for the designation of operational entities, in accordance with Article 12,
paragraph 5. This responsibility includes:

(i) Decisions on re-accreditation, suspension and withdrawal of accreditation;
(i1) Operationalization of accreditation procedures and standards;

Review the accreditation standards in appendix A below and make recommendations to
the COP/MOP for consideration, as appropriate;

Report to the COP/MOP on the regional and subregional distribution of CDM project
activities with a view to identifying systematic or systemic barriers to their equitable
distribution;

Make publicly available relevant information, submitted to it for this purpose, on
proposed CDM project activities in need of funding and on investors seeking
opportunities, in order to assist in arranging funding of CDM project activities, as
necessary;

Make any technical reports commissioned available to the public and provide a period of
at least eight weeks for public comments on draft methodologies and guidance before
documents are finalized and any recommendations are submitted to the COP/MOP for
their consideration;

? In the context of this annex, “Party” refers to a Party to the Kyoto Protocol, unless otherwise specified.
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Develop, maintain and make publicly available a repository of approved rules,
procedures, methodologies and standards;

Develop and maintain the CDM registry as defined in appendix D below;

Develop and maintain a publicly available database of CDM project activities containing
information on registered project design documents, comments received, verification
reports, its decisions as well as information on all CERs issued,

Address issues relating to observance of modalities and procedures for the CDM by
project participants and/or operational entities, and report on them to the COP/MOP;

Elaborate and recommend to the COP/MOP for adoption at its next session procedures
for conducting the reviews referred to in paragraphs 41 and 65 below including, inter
alia, procedures to facilitate consideration of information from Parties, stakeholders and
UNFCCC accredited observers. Until their adoption by the COP/MOP, the procedures
shall be applied provisionally;

Carry out any other functions ascribed to it in decision 17/CP.7, the present annex and
relevant decisions of the COP/MOP.

6. Information obtained from CDM project participants marked as proprietary or confidential shall
not be disclosed without the written consent of the provider of the information, except as required by
national law. Information used to determine additionality as defined in paragraph 43 below, to describe
the baseline methodology and its application, and to support an environmental impact assessment
referred to in paragraph 37 (c) below, shall not be considered as proprietary or confidential.

7. The Executive Board shall comprise 10 members from Parties to the Kyoto Protocol, as follows:
one member from each of the five United Nations regional groups, two other members from the Parties
included in Annex I, two other members from the Parties not included in Annex I, and one representative
of the small island developing States, taking into account the current practice in the Bureau of the
Conference of the Parties.

8. Members, including alternate members, of the Executive Board shall:

(a)

(b)

(©

(d
(e)

Be nominated by the relevant constituencies referred to in paragraph 7 above and be
elected by the COP/MOP. Vacancies shall be filled in the same way;

Be elected for a period of two years and be eligible to serve a maximum of two
consecutive terms. Terms as alternate members do not count. Five members and five
alternate members shall be elected initially for a term of three years and five members
and five alternate members for a term of two years. Thereafter, the COP/MOP shall
elect, every year, five new members, and five new alternate members, for a term of two
years. Appointment pursuant to paragraph 11 below shall count as one term. The
members, and alternate members, shall remain in office until their successors are elected;

Possess appropriate technical and/or policy expertise and shall act in their personal
capacity. The cost of participation of members, and of alternate members, from
developing country Parties and other Parties eligible under UNFCCC practice shall be
covered by the budget for the Executive Board;

Be bound by the rules of procedure of the Executive Board;

Take a written oath of service witnessed by the Executive Secretary of the UNFCCC or
his/her authorized representative before assuming his or her duties;
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) Have no pecuniary or financial interest in any aspect of a CDM project activity or any
designated operational entity;

(2) Subject to their responsibilities to the Executive Board, not disclose any confidential or
proprietary information coming to their knowledge by reason of their duties for the
Executive Board. The duty of the member, including alternate member, not to disclose
confidential information constitutes an obligation in respect of that member, and
alternate member, and shall remain an obligation after the expiration or termination of
that member’s function for the Executive Board.

9. The COP/MOP shall elect an alternate for each member of the Executive Board based on the
criteria in paragraphs 7 and 8 above. The nomination by a constituency of a candidate member shall be
accompanied by a nomination for a candidate alternate member from the same constituency.

10. The Executive Board may suspend and recommend to the COP/MOP the termination of the
membership of a particular member, including an alternate member, for cause including, inter alia,
breach of the conflict of interest provisions, breach of the confidentiality provisions, or failure to attend
two consecutive meetings of the Executive Board without proper justification.

11. If a member, or an alternate member, of the Executive Board resigns or is otherwise unable to
complete the assigned term of office or to perform the functions of that office, the Executive Board may
decide, bearing in mind the proximity of the next session of the COP/MOP, to appoint another member,
or an alternate member, from the same constituency to replace the said member for the remainder of that
member’s mandate.

12. The Executive Board shall elect its own Chair and Vice-Chair, with one being a member from a
Party included in Annex I and the other being from a Party not included in Annex I. The positions of
Chair and Vice-Chair shall alternate annually between a member from a Party included in Annex I and a
member from a Party not included in Annex I.

13. The Executive Board shall meet as necessary but no less than three times a year, bearing in mind
the provisions of paragraph 41 below. All documentation for Executive Board meetings shall be made
available to alternate members.

14. At least two thirds of the members of the Executive Board, representing a majority of members
from Parties included in Annex I and a majority of members from Parties not included in Annex I, must
be present to constitute a quorum.

15. Decisions by the Executive Board shall be taken by consensus, whenever possible. If all efforts
at reaching a consensus have been exhausted and no agreement has been reached, decisions shall be
taken by a three-fourths majority of the members present and voting at the meeting. Members abstaining
from voting shall be considered as not voting.

16. Meetings of the Executive Board shall be open to attendance, as observers, by all Parties and by
all UNFCCC accredited observers and stakeholders, except where otherwise decided by the Executive
Board.

17. The full text of all decisions of the Executive Board shall be made publicly available. The
working language of the Executive Board shall be English. Decisions shall be made available in all six
official languages of the United Nations.
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18. The Executive Board may establish committees, panels or working groups to assist it in the
performance of its functions. The Executive Board shall draw on the expertise necessary to perform its
functions, including from the UNFCCC roster of experts. In this context, it shall take fully into account
the consideration of regional balance.

19. The secretariat shall service the Executive Board.

D. Accreditation and designation of operational entities

20. The Executive Board shall:

(a) Accredit operational entities which meet the accreditation standards contained in
appendix A below;

(b) Recommend the designation of operational entities to the COP/MOP;
(o) Maintain a publicly available list of all designated operational entities;

(d) Review whether each designated operational entity continues to comply with the
accreditation standards contained in appendix A below and on this basis confirm whether
to reaccredit each operational entity every three years;

(e) Conduct spot-checking at any time and, on the basis of the results, decide to conduct the
above-mentioned review, if warranted.

21. The Executive Board may recommend to the COP/MOP to suspend or withdraw the designation
of a designated operational entity if it has carried out a review and found that the entity no longer meets
the accreditation standards or applicable provisions in decisions of the COP/MOP. The Executive Board
may recommend the suspension or withdrawal of designation only after the designated operational entity
has had the possibility of a hearing. The suspension or withdrawal is with immediate effect, on a
provisional basis, once the Executive Board has made a recommendation, and remains in effect pending a
final decision by the COP/MOP. The affected entity shall be notified, immediately and in writing, once
the Executive Board has recommended its suspension or withdrawal. The recommendation by the
Executive Board and the decision by the COP/MOP on such a case shall be made public.

22. Registered project activities shall not be affected by the suspension or withdrawal of designation
of a designated operational entity unless significant deficiencies are identified in the relevant validation,
verification or certification report for which the entity was responsible. In this case, the Executive Board
shall decide whether a different designated operational entity shall be appointed to review, and where
appropriate correct, such deficiencies. If such a review reveals that excess CERs were issued, the
designated operational entity whose accreditation has been withdrawn or suspended shall acquire and
transfer, within 30 days of the end of review, an amount of reduced tonnes of carbon dioxide equivalent
equal to the excess CERs issued, as determined by the Executive Board, to a cancellation account
maintained in the CDM registry by the Executive Board.

23. Any suspension or withdrawal of a designated operational entity that adversely affects registered
project activities shall be recommended by the Executive Board only after the affected project
participants have had the possibility of a hearing.

24. Any costs relating to the review referred to in paragraph 22 above shall be borne by the
designated operational entity whose designation has been withdrawn or suspended.

25. The Executive Board may seek assistance in performing the functions in paragraph 20 above, in
accordance with the provisions of paragraph 18 above.
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E. Designated operational entities

26. Designated operational entities shall be accountable to the COP/MOP through the Executive
Board and shall comply with the modalities and procedures in decision 17/CP.7, the present annex and
relevant decisions of the COP/MOP and the Executive Board.

217. A designated operational entity shall:
(a) Validate proposed CDM project activities;

(b) Verify and certify reductions in anthropogenic emissions by sources of greenhouse
gases;

(c) Comply with applicable laws of the Parties hosting CDM project activities when
carrying out its functions referred to in subparagraph (e) below;

(d) Demonstrate that it, and its subcontractors, have no real or potential conflict of interest
with the participants in the CDM project activities for which it has been selected to carry
out validation or verification and certification functions;

(e) Perform one of the following functions relating to a given CDM project activity:
validation or verification and certification. Upon request, the Executive Board may,
however, allow a single designated operational entity to perform all these functions
within a single CDM project activity;

® Maintain a publicly available list of all CDM project activities for which it has carried
out validation, verification and certification;

(2) Submit an annual activity report to the Executive Board;

(h) Make information obtained from CDM project participants publicly available, as
required by the Executive Board. Information marked as proprietary or confidential shall
not be disclosed without the written consent of the provider of the information, except as
required by national law. Information used to determine additionality as defined in
paragraph 43 below, to describe the baseline methodology and its application, and to
support an environmental impact assessment referred to in paragraph 37 (c) below, shall
not be considered as proprietary or confidential.

F. Participation requirements

28. Participation in a CDM project activity is voluntary.
29. Parties participating in the CDM shall designate a national authority for the CDM.

30. A Party not included in Annex I may participate in a CDM project activity if it is a Party to the
Kyoto Protocol.

31. Subject to the provisions of paragraph 32 below, a Party included in Annex I with a commitment
inscribed in Annex B is eligible to use CERs, issued in accordance with the relevant provisions, to
contribute to compliance with part of its commitment under Article 3, paragraph 1, if it is in compliance
with the following eligibility requirements:

(a) It is a Party to the Kyoto Protocol;

(b) Its assigned amount pursuant to Article 3, paragraphs 7 and 8, has been calculated and
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Mathematical Appendix
Proof of Lemma 2.2.

Proof.
a) For a compliant firm, see proof of Lemma 2.1.

b) Suppose that the firm is non-compliant and chooses (2%, 2-) such that
Thy + 2l < ™,

If (2, 2) = (#™"/2,0) then the firm’s expected costs are

elo(S )| —o(= ) nfs e (50)).

In (B.1), the firm has a cost of domestic abatement equal to c(*™"/2).

Moreover, with probability w it is monitored and has to pay fine S plus
the cost of the required ex post abatement. Given z/; = ™" /2 the cost-
minimizing ex post abatement choice is (2, %) = (0,2™"/2), which yields

additional costs of ¢ (¢""/2).

Suppose first that a7, > ™" /2. Since the firm is non-compliant, this implies
that 2, < =™ /2. Thus, the firm is monitored with probability one and its

cost is

C(2hy,2y) =c(zp)+S+c (wmm — IIF)
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where (2, 2) = (™" — 2, — 2y, 0) is the ex post cost-minimizing abate-
ment choice (Since z' is already larger than #™"/2, there will be no further

abroad abatement.). With
xmin
()]

the firm is strictly better off when choosing (2, #-) = (#""/2,0) than when

c(.r'F)—FS—i-c(x —x’F)>c< 5 )+S+c< 5 >>E

choosing #x > #™"/2 (and x; < ™" — z/.).

Now suppose that 2/ < z™"/2.

If the firm chooses z/; > #™"/2, it is monitored with probability one.
Since the ex post cost-minimizing abatement choice is

(2}, %) = (0, 2™ — &y — xl), its cost is

C () = claly)+e@p)+ S+ (c(am =) — (@)
> C(:cZ”‘) +S+C<x”2””>
- e (=]

If the firm chooses instead x;, < 2™"/2, its cost-minimizing ex post abate-

ment choice is (2, #%) = ((™"/2) — @y, (¥ /2) — x) which yields a total

cost of

Cldna) = (e +elep) 45+ (¢ T5) ~elen))
3 )
- S+c<“ﬁ”2' >+c<x2 )
> El(] (gjzm,()ﬂ

Finally, if 27, = ™" /2, the firm is monitored with probability 1 only. The ex

post cost-minimizing abatement equals (2%, 2%) = (0,2™"/2). This yields
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an expected cost of

E[O (ﬂ;nx’l,ﬂ = c<$2n> +c(x;)+u<5+c<xzm> —C(fv%)>
_ c(i”")+(1_u)c(x%)+u<s+c<xzin>>,

which is strictly higher than E [C (z™"/2,0)] for all 2 > 0, u < 1. Alto-
gether, this shows part b). ]
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Legal Framework on linking the EU ETS and the CDM

Linking Directive®®

L 338/18 13.11.2004

Official Journal of the European Union

DIRECTIVE 2004/101/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 27 October 2004

amending Directive 2003/87EC establishing a scheme for greenhouse gas emission allowance trading
within the Community, in respect of the Kyoto Protocol’s project mechanisms

(Text with EEA relevance)

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EURO-
PEAN UNION,

Having regard to the Treaty establishing the European Commu-
nity, and in particular Article 175(1) thereof,

Having regard to the proposal from the Commission,

Having regard to the opinion of the European Economic and
Social Committee (2),

After consulting the Committee of the Regions,

Acting in accordance with the procedure laid down in Article 251
of the Treaty (2),

Whereas:

(1) Directive 2003/87EC (%) establishes a scheme for green-
house gas emission allowance trading within the Commu-
nity (the Community scheme) in order to promote reduc-
tions of greenhouse gas emissions in a cost-effective and
economically efficient manner, recognising that, in the
longer-term, global emissions of greenhouse gases will
need to be reduced by approximately 70 % compared to
1990 levels. It aims at contributing towards fulfilling the
commitments of the Community and its Member States to
reduce anthropogenic greenhouse gas emissions under the
Kyoto Protocol which was approved by Council
Decision 2002/358[EC of 25 April 2002 concerning the
approval, on behalf of the European Community, of the
Kyoto Protocol to the United Nations Framework Conven-
tion on Climate Change and the joint fulfilment of com-
mitments thereunder (4).

(1) O] C 80, 30.3.2004, p. 61.

(%) Opinion of the European Parliament of 20 April 2004 (not yet pub-
lished in the Official Journal) and Council Decision of 13 September
2004 (not yet published in the Official Journal).

() OJ L 275, 25.10.2003, p. 32.

() OJL 130, 15.5.2002, p. 1.

S6EU (2004)

Directive 2003/87[EC states that the recognition of credits
from project-based mechanisms for fulfilling obligations as
from 2005 will increase the cost-effectiveness of achieving
reductions of global greenhouse gas emissions and shall be
provided for by provisions for linking the Kyoto project-
based mechanisms, including joint implementation (JI) and
the clean development mechanism (CDM), with the Com-
munity scheme.

Linking the Kyoto project-based mechanisms to the Com-
munity scheme, while safeguarding the latter’s environ-
mental integrity, gives the opportunity to use emission
credits generated through project activities eligible pursu-
ant to Articles 6 and 12 of the Kyoto Protocol in order to
fulfil Member States’ obligations in accordance with
Article 12(3) of Directive 2003/87[EC. As a result, this will
increase the diversity of low-cost compliance options
within the Community scheme leading to a reduction of
the overall costs of compliance with the Kyoto Protocol
while improving the liquidity of the Community market in
greenhouse gas emission allowances. By stimulating
demand for J1 credits, Community companies will invest in
the development and transfer of advanced environmentally
sound technologies and know-how. The demand for CDM
credits will also be stimulated and thus developing coun-
tries hosting CDM projects will be assisted in achieving
their sustainable development goals.

In addition to the use of the Kyoto project-based mecha-
nisms by the Community and its Member States, and by
companies and individuals outside the Community
scheme, those mechanisms should be linked to the Com-
munity scheme in such a way as to ensure consistency with
the United Nations Framework Convention on Climate
Change (UNFCCC) and the Kyoto Protocol and subsequent
decisions adopted thereunder as well as with the objectives
and architecture of the Community scheme and provisions
laid down by Directive 2003/87[EC.

Member States may allow operators to use, in the Commu-
nity scheme, certified emission reductions (CERs)
from 2005 and emission reduction units (ERUs) from
2008. The use of CERs and ERUs by operators from 2008
may be allowed up to a percentage of the allocation to
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each installation, to be specified by each Member State in
its national allocation plan. The use will take place through
the issue and immediate surrender of one allowance in
exchange for one CER or ERU. An allowance issued in
exchange for a CER or ERU will correspond to that CER or
ERU.

The Commission Regulation for a standardised and secured
system of registries, to be adopted pursuant to Article 19(3)
of Directive 2003/87/EC and Article 6(1) of
Decision No 280/2004/EC of the European Parliament and
of the Council of 11 February 2004 concerning a mecha-
nism for monitoring Community greenhouse gas emis-
sions and for implementing the Kyoto Protocol (1), will
provide for the relevant processes and procedures in the
registries system for the use of CERs during the period
2005 to 2007 and subsequent periods, and for the use of
ERUs during the period 2008 to 2012 and subsequent
periods.

Each Member State will decide on the limit for the use of
CERs and ERUs from project activities, having due regard
to the relevant provisions of the Kyoto Protocol and the
Marrakesh Accords, to meet the requirements therein that
the use of the mechanisms should be supplemental to
domestic action. Domestic action will thus constitute a sig-
nificant element of the effort made.

In accordance with the UNFCCC and the Kyoto Protocol
and subsequent decisions adopted thereunder, Member
States are to refrain from using CERs and ERUs generated
from nuclear facilities to meet their commitments pursu-
ant to Article 3(1) of the Kyoto Protocol and pursuant to
Decision 2002/358/EC.

Decisions 15/CP.7 and 19/CP.7 adopted pursuant to the
UNFCCC and the Kyoto Protocol emphasise that environ-
mental integrity is to be achieved, inter alia, through sound
modalities, rules and guidelines for the mechanisms, and
through sound and strong principles and rules governing
land use, land-use change and forestry activities, and that
the issues of non-permanence, additionality, leakage,
uncertainties and socioeconomic and environmental
impacts, including impacts on biodiversity and natural
ecosystems, associated with afforestation and reforestation
project activities are to be taken into account. The Com-
mission should consider, in its review of Directive
2003/87[EC in 2006, technical provisions relating to the
temporary nature of credits and the limit of 1 % for eligi-
bility for land use, land-use change and forestry project
activities as established in Decision 17/CP.7, and also

(') OJ L 49,19.2.2004, p. 1.

(11)

(13)

(14)

provisions relating to the outcome of the evaluation of
potential risks associated with the use of genetically modi-
fied organisms and potentially invasive alien species in
afforestation and reforestation project activities, to allow
operators to use CERs and ERUs resulting from land use,
land use change and forestry project activities in the Com-
munity scheme from 2008, in accordance with the deci-
sions adopted pursuant to the UNFCCC or the Kyoto
Protocol.

In order to avoid double counting, CERs and ERUs should
not be issued as a result of project activities undertaken
within the Community that also lead to a reduction in, or
limitation of, emissions from installations covered by
Directive 2003/87EC, unless an equal number of allow-
ances is cancelled from the registry of the Member State of
the CERs’ or ERUS’ origin.

In accordance with the relevant treaties of accession, the
acquis communautaire should be taken into account in the
establishment of baselines for project activities undertaken
in countries acceding to the Union.

Any Member State that authorises private or public enti-
ties to participate in project activities remains responsible
for the fulfilment of its obligations under the UNFCCC and
the Kyoto Protocol and should therefore ensure that such
participation is consistent with the relevant guidelines,
modalities and procedures adopted pursuant to the
UNEFCCC or the Kyoto Protocol.

In accordance with the UNFCCC, the Kyoto Protocol and
subsequent decisions adopted for their implementation,
the Commission and the Member States should support
capacity building activities in developing countries and
countries with economies in transition in order to help
them take full advantage of JI and the CDM in a manner
that supports their sustainable development strategies. The
Commission should review and report on efforts in this
regard.

Criteria and guidelines that are relevant to considering
whether hydroelectric power production projects have
negative environmental or social impacts have been iden-
tified by the World Commission on Dams in its November
2000 Report ‘Dams and Development — A New Frame-
work for Decision-Making', by the OECD and by the World
Bank.
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(15)

(16)

17)

(18)

(19)

(20)

Since participation in JI and CDM project activities is vol-
untary, corporate environmental and social responsibility
and accountability should be enhanced in accordance with
paragraph 17 of the Plan of implementation of the world
summit on sustainable development. In this connection,
companies should be encouraged to improve the social
and environmental performance of JI and CDM activities in
which they participate.

Information on project activities in which a Member State
participates or authorises private or public entities to par-
ticipate should be made available to the public in accor-
dance with Directive 2003/4/EC of the European Parlia-
ment and of the Council of 28 January 2003 on public
access to environmental information (7).

The Commission may mention impacts on the electricity
market in its reports on emission allowance trading and
the use of credits from project activities.

Following entry into force of the Kyoto Protocol, the Com-
mission should examine whether it could be possible to
conclude agreements with countries listed in Annex B to
the Kyoto Protocol which have yet to ratify the Protocol,
to provide for the recognition of allowances between the
Community scheme and mandatory greenhouse gas emis-
sions trading schemes capping absolute emissions estab-
lished within those countries.

Since the objective of the proposed action, namely the
establishment of a link between the Kyoto project-based
mechanisms and the Community scheme, cannot be suffi-
ciently achieved by the Member States acting individually,
and can therefore by reason of the scale and effects of this
action be better achieved at Community level, the Commu-
nity may adopt measures, in accordance with the principle
of subsidiarity as set out in Article 5 of the Treaty. In accor-
dance with the principle of proportionality, as set out in
that Article, this Directive does not go beyond what is nec-
essary in order to achieve that objective.

Directive 2003/87/EC should therefore be amended
accordingly,

HAVE ADOPTED THIS DIRECTIVE:

() OJ L 41, 14.2.2003, p. 26.

Atticle 1
Amendments to Directive 2003/87/EC

Directive 2003/87/EC is hereby amended as follows:

In Article 3, the following points are added:

‘(k) “Annex I Party” means a Party listed in Annex I to the
United Nations Framework Convention on Climate
Change (UNFCCC) that has ratified the Kyoto Protocol as
specified in Article 1(7) of the Kyoto Protocol;

(Iy “project activity” means a project activity approved by
one or more Annex I Parties in accordance with Article 6
or Article 12 of the Kyoto Protocol and the decisions
adopted pursuant to the UNFCCC or the Kyoto Protocol;

(m) “emission reduction unit” or “ERU” means a unit issued
pursuant to Article 6 of the Kyoto Protocol and the deci-
sions adopted pursuant to the UNFCCC or the
Kyoto Protocol;

“certified emission reduction” or “CER” means a unit
issued pursuant to Article 12 of the Kyoto Protocol and
the decisions adopted pursuant to the UNFCCC or the
Kyoto Protocol.’

g

The following Articles are inserted after Article 11:

‘Article 11a

Use of CERs and ERUs from project activities in the
Community scheme

1. Subject to paragraph 3, during each period referred to
in Article 11(2), Member States may allow operators to use
CERs and ERUs from project activities in the Community
scheme up to a percentage of the allocation of allowances to
each installation, to be specified by each Member State in its
national allocation plan for that period. This shall take place
through the issue and immediate surrender of one allowance
by the Member State in exchange for one CER or ERU held
by the operator in the national registry of its Member State.
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2. Subject to paragraph 3, during the period referred to in
Article 11(1), Member States may allow operators to use
CERs from project activities in the Community scheme. This
shall take place through the issue and immediate surrender of
one allowance by the Member State in exchange for one CER.
Member States shall cancel CERs that have been used by
operators during the period referred to in Article 11(1).

3. All CERs and ERUs that are issued and may be used in
accordance with the UNFCCC and the Kyoto Protocol and
subsequent decisions adopted thereunder may be used in the
Community scheme:

(a) except that, in recognition of the fact that, in accordance
with the UNFCCC and the Kyoto Protocol and subse-
quent decisions adopted thereunder, Member States are
to refrain from using CERs and ERUs generated from
nuclear facilities to meet their commitments pursuant to
Article 3(1) of the Kyoto Protocol and in accordance
with Decision 2002/358/EC, operators are to refrain
from using CERs and ERUs generated from such facili-
ties in the Community scheme during the period referred
to in Article 11(1) and the first five-year period referred
to in Article 11(2);

and

=

except for CERs and ERUs from land use, land use
change and forestry activities.

Article 11b

Project activities

1. Member States shall take all necessary measures to
ensure that baselines for project activities, as defined by sub-
sequent decisions adopted under the UNFCCC or the
Kyoto Protocol, undertaken in countries having signed a
Treaty of Accession with the Union fully comply with the
acquis communautaire, including the temporary derogations
set out in that Treaty of Accession.

2. Except as provided for in paragraphs 3 and 4, Member
States hosting project activities shall ensure that no ERUs or
CERs are issued for reductions or limitations of greenhouse
gas emissions from installations falling within the scope of
this Directive.

3. Until 31 December 2012, for Jland CDM project activi-
ties which reduce or limit directly the emissions of an instal-
lation falling within the scope of this Directive, ERUs and
CERs may be issued only if an equal number of allowances is
cancelled by the operator of that installation.

4. Until 31 December 2012, for Jland CDM project activi-
ties which reduce or limit indirectly the emission level of
installations falling within the scope of this Directive, ERUs
and CERs may be issued only if an equal number of allow-
ances is cancelled from the national registry of the Member
State of the ERUs’ or CERs’ origin.

5. A Member State that authorises private or public enti-
ties to participate in project activities shall remain responsible
for the fulfilment of its obligations under the UNFCCC and
the Kyoto Protocol and shall ensure that such participation
is consistent with the relevant guidelines, modalities and pro-
cedures adopted pursuant to the UNFCCC or the
Kyoto Protocol.

6. In the case of hydroelectric power production project
activities with a generating capacity exceeding 20 MW, Mem-
ber States shall, when approving such project activities,
ensure that relevant international criteria and guidelines,
including those contained in the World Commission on
Dams November 2000 Report “Dams and Development —
A New Framework for Decision-Making”, will be respected
during the development of such project activities.

7. Provisions for the implementation of paragraphs 3 and
4, particularly in respect of the avoidance of double count-
ing, and any provisions necessary for the implementation of
paragraph 5 where the host party meets all eligibility require-
ments for JI project activities shall be adopted in accordance
with Article 23(2).

Article 17 is replaced by the following:

‘Article 17

Access to information

Decisions relating to the allocation of allowances, informa-
tion on project activities in which a Member State partici-
pates or authorises private or public entities to participate,
and the reports of emissions required under the greenhouse
gas emissions permit and held by the competent authority,
shall be made available to the public in accordance with
Directive 2003/4/EC.’
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4. In Article 18 the following subparagraph is added: 8. Article 30 is amended as follows:

‘Member States shall in particular ensure coordination
between their designated focal point for approving project
activities pursuant to Article 6 (1)(a) of the Kyoto Protocol
and their designated national authority for the implementa-
tion of Article 12 of the Kyoto Protocol respectively desig-
nated in accordance with subsequent decisions adopted
under the UNFCCC or the Kyoto Protocol.

In Article 19(3) the following sentence is added:

‘That Regulation shall also include provisions concerning the
use and identification of CERs and ERUs in the Community
scheme and the monitoring of the level of such use.’

Article 21 is amended as follows:

(a) in paragraph 1 the second sentence is replaced by the
following:

‘This report shall pay particular attention to the arrange-
ments for the allocation of allowances, the use of ERUs
and CERs in the Community scheme, the operation of
registries, the application of the monitoring and report-
ing guidelines, verification and issues relating to compli-
ance with the Directive and the fiscal treatment of allow-
ances, if any.’

(b) paragraph 3 is replaced by the following:

‘3. The Commission shall organise an exchange of
information between the competent authorities of the
Member States concerning developments relating to
issues of allocation, the use of ERUs and CERs in the
Community scheme, the operation of registries, moni-
toring, reporting, verification and compliance with this
Directive.

The following Article is inserted after Article 21:

‘Article 21a

Support of capacity-building activities

In accordance with the UNFCCC, the Kyoto Protocol and any
subsequent decision adopted for their implementation, the
Commission and the Member States shall endeavour to sup-
port capacity-building activities in developing countries and
countries with economies in transition in order to help them
take full advantage of JI and the CDM in a manner that sup-
ports their sustainable development strategies and to facili-
tate the engagement of entities in JI and CDM project devel-
opment and implementation.’

in paragraph 2, point (d) is replaced by the following:

‘(d) the use of credits from project activities, including
the need for harmonisation of the allowed use of
ERUs and CERs in the Community scheme;’

in paragraph 2 the following points are added:

‘(l) the impact of project mechanisms on host coun-
tries, particularly on their development objectives,
whether JI and CDM hydroelectric power produc-
tion project activities with a generating capacity
exceeding 500 MW and having negative environ-
mental or social impacts have been approved, and
the future use of CERs or ERUs resulting from any
such hydroelectric power production project activi-
ties in the Community scheme;

g

the support for capacity-building efforts in develop-
ing countries and countries with economies in
transition;

(n) the modalities and procedures for Member States’
approval of domestic project activities and for the
issuing of allowances in respect of emission reduc-
tions or limitations resulting from such activities
from 2008;

(0) technical provisions relating to the temporary
nature of credits and the limit of 1 % for eligibility
for land use, land-use change and forestry project
activities as established in Decision 17/CP.7, and
provisions relating to the outcome of the evaluation
of potential risks associated with the use of geneti-
cally modified organisms and potentially invasive
alien species by afforestation and reforestation
project activities, to allow operators to use CERs
and ERUs resulting from land use, land-use change
and forestry project activities in the Community
scheme from 2008, in accordance with the deci-
sions adopted pursuant to the UNFCCC or the Kyoto
Protocol.”



Appendix C.

Appendix to Chapter 3

Deriving substitution and quantity effects
Total differentiation of equations (3.1) yields
" * * 1 " * * 1 / *
h'(zy)dry = af (2F) drg — gf (zF) da.
This is equivalent to
1 " * 1 !/ *

M= ) T a2 W)

Total differentiation of equation (3.2) yields

dz™" = day + rhda + adzy. (C.2)

| o

Plugging (C.1) into (C.2) gives:

1" (p)
ah”(xy)

. 1 !/ *

B a2 hr(xy)

Solving for a change in abroad abatement yields

b (%) -
dmzn o
brearren S

* JR—
deyp =
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That is, as da™" = 0, the overall effect of a change in allowability o on

abroad abatement is

dey _ of ' (@) —h" (23) op

doo if” (x%) +ah” (x3)

Compensating for the change in «, that is, taking dz™" = x%da, yields

the isolated substitution effect:

h! * % et — B (2* *
oy = |- . (zw)rF da + alf (%) (¥3) F dev.
of " (@g) + ah” (xy) of " (@) + ah” (xy)
The substitution effect abroad is therefore
1 e %
SEp = 1 {f @Fl |
~f" (k) +ah” (xy)
Consequently, the quantity effect QFEp = 4¢%/da — SEF is
h” (x}) o)
Epr=—
O I + an )
Likewise, for changes in domestic abatement:
1 rni x ) 1 £/ (% 1 rr (.
dx}} = - af (xF) xmzn_ alef (xF) + af (xF) daov. (Cg)
of " (@p) + ah” (xy) of " (@p) + ah” (2y)

That is, the overall effect of a change in allowability a on domestic abate-
ment is

dey _ gpf"(@k) + 3 (aF)

do ~ {7 (@) +ah" )

while the substitution and quantity effects are

1 ! *
o gf (zF)
S = ST ) b ah (o)

and

of " (@) 7

O = T () + ah ()
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