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VAPAAEHTOINEN OSALLISTUMINEN PÄÄSTÖKAUPPAAN HIILIVUODON
VALLITESSA
Tutkielmassa tarkastellaan vapaaehtoisten
mekanismien suunnitteluongelmaa
päästöoikeuksien kaupassa. Vapaaehtoisella mukaantulolla pyritään vähentämään
päästöleikkaustoimenpiteiden kokonaiskustannuksia korvaamalla osa säädeltyjen
saastuttajien tuottamista päästöleikkauksista päästökaupan ulkopuolella toteutetuilla
kustannustehokkaammilla leikkauksilla. Tutkielman tavoitteena on selvittää, miten
haitallinen valikoituminen ja hiilivuoto vaikuttavat optimi ohjelmasuunnitteluun.
Päästövähennysten substituution mahdollistamia kustannussäästöjä ja ympäristön laadun
paranemista
tarkastellaan
kansallisella
tasolla
Yhdysvalloissa
toteutetun
rikkidioksidikaupan esimerkin valossa. Päästöleikkausten korvaamista kansainvälisellä
tasolla käsitellään Kioton puhtaan kehityksen mekanismin kautta.
Tutkielmassa keskitytään Monteron (2000) päästöoikeuksien kaupan suunnittelumalliin,
joka sallii vapaaehtoisen mukaantulon. Tarkastelua laajennetaan huomioimaan
yksipuolisista leikkaustoimenpiteistä aiheutuva päästöjen kasvu ohjelman ulkopuolella.
Kun säätelyn ulkopuolella olevien saastuttajien rajaleikkauskustannukset laskevat
laajempien
päästövähennysmahdollisuuksien
ansiosta,
kustannustehokkaammat
leikkausmahdollisuudet voivat tiukentaa ohjelman päästörajoitetta.
Mallin pohjalta havaitaan, että asymmetrisestä informaatiosta huolimatta säätelijä voi
saavuttaa optimaalisen päästöleikkaustavoitteen, jos tulonjakokysymyksiä ei huomioida.
Vapaaehtoisten yritysten suurempi lupa-allokaatio korvataan vähentämällä ohjelman
alaisuudessa jaettujen lupien määrää, jotta vapaaehtoisten yritysten tuottamat
kustannustehokkaat leikkaukset toteutuvat ohjelman piirissä. Hiilivuotoa voidaan
heikentää laajentamalla ohjelman kattavuutta vapaaehtoisen mukaantulon avulla.
Päästösubstituutiomekanismit, kuten puhtaan kehityksen mekanismi, eivät kuitenkaan
lievennä hiilivuoto-ongelmia ellei substituutioyksikkö ota itselleen sitovaa
päästörajoitetta.
Taakanjako-ongelmissa vapaaehtoisella osallistumisella voi olla
strateginen rooli, sillä päästökauppa ei useimmiten saavuta riittävää kattavuutta tehokkuuden kärsiessä.
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VOLUNTARY PARTICIPATION IN EMISSIONS TRADING IN THE PRESENCE
OF CARBON LEAKAGE
This thesis examines instrument design problems of voluntary mechanisms in a cap-andtrade scheme. Encouraging voluntary participation is intended to bring about savings in
total compliance costs of a mandatory program by substituting cost-effective emissions
reductions achieved outside the program for emissions reductions undertaken within the
program. The objective of this thesis is to expound implications of asymmetric information
and carbon leakage for the optimal program design. In analyzing the likely cost savings
and environmental benefits of voluntary participation, U.S. sulfur trading provides a good
example at national level. At international level, pollution abatement substitution is
examined through the Clean Development Mechanism of the Kyoto Protocol.
The thesis builds on a model of Montero (2000) on the design of a cap-and-trade scheme
with voluntary participation. The approach is extended to take into account the expected
rise in emissions outside the regulatory program associated with unilateral mitigation
efforts. As abatement possibilities become wider for non-affected sources, their marginal
costs of controlling emissions decline. This may lead to a tighter mandatory program given
the less-costly emission reduction opportunities outside the regulation.
Based on this theoretical framework it is understood that, despite information asymmetries,
the regulator may attain the optimal emission reduction target if distributional concerns are
irrelevant. While permit allocations to non-affected firms are likely to lead to excess
permits, the surplus is offset by reducing allocations to affected firms in order to bring the
less-costly emissions reductions in the program. While voluntary provisions in a cap-andtrade scheme potentially dampen leakages by expanding the program coverage,
mechanisms for pollution abatement substitution, such as the CDM, do not alleviate
concerns for leakages unless the substitution partners become subject to the cap on
emissions. As far as the issues of burden sharing go, voluntary participation may
encompass strategic advantages, because the full potential of emissions trading regarding
cost savings is conditional on high levels of participation.

Keywords: emissions trading, voluntary participation, environmental program design,
adverse selection, carbon leakage
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1

INTRODUCTION

1.1 Background

Climate change is a global problem. As far as efforts to stabilise and potentially reduce
concentrations of greenhouse gases go, the geographical origin of emissions is all but
irrelevant. The global nature of greenhouse gas emissions discourages countries from
unilateral mitigation efforts because each country can claim for itself only a fraction of the
global benefit of mitigating climate change.1 As marginal abatement costs are increasing,
each country has less incentive to reduce emissions unilaterally. Moreover, the effect of
unilateral emissions reductions is likely to partly leak away through increasing emissions
of non-affected parties.
Climate change should be addressed through international co-operation. The international
response to climate change is a negotiating process embodied in the United Nations
Framework Convention on Climate Change and its Kyoto Protocol (UNFCCC 1997). The
protocol calls for industrialized and transition economy countries to commit to national
emission reduction targets, to tackle climate change.2 After Russian ratification in
November 2004, the protocol came into force in February 2005 becoming legally binding
on 128 parties. Imposing short-term emission reduction targets without sufficient
participation means that international climate change negotiations are clearly at their early
stages. For the design of a longer-term climate policy architecture, cost-effectiveness and
the degree of participation remain among the main challenges.

1 Barret and Stavins (2003) emphasize that a country has less incentive to increase its mitigation efforts at the
margin when other countries abate more. Citing Barrett (2003) they argue that for a collective action
problem, free riding becomes more severe the greater are the aggregate gains from cooperation.
2 The FCCC’s aim is to “stabilize greenhouse gas emissions in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system”. See UNFCCC’s guide to the Climate Change
Convention Process.
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Scientific evidence of the human-induced climate change began to emerge in the 1980s
providing impetus for the design of pollution abatement policies. Since then, costeffectiveness has been the main focus of economists when evaluating such schemes.
Currently, it is widely agreed that emissions can be cut more cost-effectively with marketbased policy instruments, such as tradable permit programs, than with command-andcontrol approaches. In fact, today nearly all plans for new measures to reduce air pollution
include some form of emissions trading (Ellerman et al. 2003, 44). The rationale is that by
encouraging behavior through market signals, affected sources take on different shares of
the pollution-control burden, depending on their costs of controlling emissions.

Under an emissions trading program, the aggregate compliance costs are minimized when
the marginal cost of abatement is everywhere equal. In reality, marginal costs of reducing
emissions differ greatly across countries and regions. In order to minimize the global costs
of pollution abatement, all relevant emitters should be bound with emission reduction
targets. However, in the design of an emissions trading program, several low-cost parties
may be left outside, as they cannot be enforced to participate by mandate for political,
technical or institutional reasons (Ellerman et al. 2003, 42).

By allowing the low-cost non-affected parties to participate voluntarily in emissions
trading, the aggregate compliance costs can potentially be reduced. This ensues from
pollution abatement substitution where high-cost affected sources substitute reductions
from low-cost non-affected sources for their own reductions. As long as the non-affected
sources have on average lower marginal abatement costs than the affected sources, their
participation is beneficial.
Presently, there is growing interest in voluntary mechanisms as part of permit trading
because they increase the diversity of compliance options. Voluntary provisions bring
about flexibility for abating through technological improvements, fuel switching or
relocation of production to more environmentally friendly plants (Atkeson 1997). The U.S.
Acid Rain Program was the first emissions trading program to provide for opt-in
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possibilities for non-affected sources. Similarly, Joint Implementation (JI) and the Clean
Development Mechanism (CDM) transactions, foreseen by the Kyoto Protocol, are entirely
voluntary.
The prerequisite for a successful opt-in emissions trading program is the existence of
adequate participation incentives for non-affected sources.3

On the other hand, the

existence of incentives to search for less-costly abatement possibilities outside the
regulation is also needed for affected sources. It is, however, apparent that voluntary
mechanisms cannot be evaluated only on the basis of participation, because greater
participation could even lead to higher total emissions. For example, if non-affected
sources cut down emissions prior to the regulatory program, they would have an incentive
to enter the program and to free ride on past emissions reductions.

There are a number of problems that may compromise the achievement of the
environmental policy goal embodied in a voluntary compliance program. Unilateral
emissions reductions by a set of sources raise a question of whether the environmental
effectiveness of the program can be assured. Abatement measures by affected parties can
result in a movement of emissions into the regions with no regulation. This effect is
referred to as carbon leakage. As the dirty input prices fall outside the regulation, nonaffected parties have less reason for undertaking voluntary emissions reductions.

The design of voluntary mechanisms in an emissions trading program should take into
account both potential cost savings and the adverse-selection problem (Ellerman et al.
2003, 20). In order to meet the environmental goal of the program, the regulator should
induce rational firms to reduce pollution at the least possible cost without allocating
permits too generously. Nevertheless, voluntary mechanisms are only successful if firms
receive some benefit from taking voluntary action to improve environmental performance.

3An emissions trading program that includes provisions for voluntary participation is referred to as an opt-in
emissions trading program in this thesis.
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1.2 Objectives and methodology

The purpose of this thesis is to examine implications of asymmetric information and
carbon leakage for the optimal design of a cap-and-trade scheme with voluntary
participation. In particular, we explore whether first-best outcomes are feasible under
conditions of asymmetric information. We show how an increase in business-as-usual
emissions of non-affected sources, associated with unilateral emissions reductions, may
affect the tightness of the permit cap due to the less-costly reductions possibilities that lie
outside the mandatory program.

There is a wide body of literature in the field of environmental economics on the relative
merits of the voluntary approaches compared to mandatory programs. As recently several
voluntary compliance programs have been implemented, there has also emerged empirical
literature on the caveats and opportunities presented by these programs.4 This thesis draws
from the literature on voluntary approaches in environmental regulation by concentrating
on voluntary mechanisms undertaken as part of cap-and-trade schemes.

Many of the references of this study are to U.S. environmental programs, particularly to
the Acid Rain Program, because these programs have been subject to several economic
analyses. Experience with the Acid Rain Program plays an important role in examining the
costs and benefits of voluntary participation. Specifically, we focus on pollution abatement
substitution that was provided for as a voluntary provision in the Acid Rain Program.

In a sense, voluntary provisions of the Acid Rain Program are analogous to Kyoto’s Joint
Implementation (JI) and Clean Development Mechanism (the CDM) projects because they
allow for abatement substitution between affected parties (in the case of JI) and between
affected parties and non-affected parties (in the case of the CDM).

JI enables

industrialized countries and economies in transition (Annex I countries) to cooperate on

4 See Khanna (2001) for a broad overview of empirical literature and OECD (2003b) for case studies on
voluntary approaches.
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emissions reduction projects and transfer credits on the basis of the projects. The CDM
allows these same countries to finance projects in developing countries in return for credits
towards compliance (EC 2003).

As of January 2005 the EU Emissions Trading Scheme (the EU ETS) came into force.
Since the EU ETS is partially linked with the Kyoto project-based mechanisms (the CDM
and JI) it is important to discuss the opportunities presented by these voluntary
transactions. In particular, we conclude that voluntary emissions reduction projects
encompass strategic advantages because they allow for policy expansion outside the
regulation.
The introduction of the EU ETS may be a driver for a more detailed and empirical analysis
on voluntary projects as part of permit trading. To date, instrument design problems of
voluntary provisions in an emissions trading program have attracted little attention in the
literature. In the context of a less-than comprehensive tradable permit program with
abatement substitution possibilities, Li ski (2004) analyses how the optimal program
coverage should be managed by the permit supply. Given the activity of the substitution
market, he concludes that the mandatory cap on emissions should be tighter, because
substitution possibilities decrease costs of controlling emissions.
In a somewhat similar context, Montero (1999, 2000) examines the adverse-selection
problem occurring in the program design. He shows that under conditions of asymmetric
information, the regulator trades off gains from production efficiency against losses from
excess permits allocated to non-affected firms. Due to the regulatory trade-off we find it
important to examine the costs and benefits of voluntary participation in depth. There is a
vast body of literature on optimal environmental regulation under imperfect information
(e.g. Dasgupta et al. 1980, Spulder 1988) that is also touched upon.
In exploring the design of a hybrid system where a cap-and-trade scheme is combined with
voluntary provisions, the study of Montero (2000) is given a central role. He derives
allowance allocations to affected and non-affected parties under imperfect information on
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unrestricted emissions and control costs of individual firms. We conduct an analysis based
on this theoretical framework of how asymmetric information affects the optimal design of
such scheme. In particular, we explore to what extent leakages affect the optimal emission
reduction target set by the environmental regulator.
In this theoretical framework, carbon leakage is expected to affect participation incentives
of individual volunteers. Yet, the aspect of voluntary mechanisms in emissions trading
programs has been overlooked by previous studies that have analysed contributions to
carbon leakage. In his Kyoto-related study Paltsev (2001) decomposes the contributions to
the leakage at regional and sectoral levels without introducing the Kyoto flexible
mechanisms: permit trading, Joint Implementation, and the Clean Development
Mechanism. Contrary, however, Bumiaux and Oliveira Martins (2000) simulate in their
general equilibrium model on carbon leakage the implementation of the Kyoto Protocol
assuming full usage of flexibility mechanisms.

Expanding a less-than comprehensive program through voluntary participation reduces the
leakage effect by equalizing marginal abatement costs. However, carbon leakage may
reduce participation incentives of non-affected parties, because it shifts the comparative
advantage in the production of carbon-intensive goods and services outside the regulation.
Consequently, non-affected parties may have less reason for opting in.

1.3 Organization of the thesis

This thesis is organized as follows. In chapter two we discuss voluntary approaches to
emissions trading. In particular, we analyse conditions under which combining voluntary
mechanisms with emissions trading may be beneficial. In the context of the climate change
problem, we consider whether voluntary mechanisms potentially bring about opportunities
for engaging non-participating countries, particularly less-developed economies with high
emissions growth, in global mitigation efforts. Accordingly, pollution abatement
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substitution occurring at international level is examined through the Clean Development
Mechanism.
Chapter three of this thesis presents an overview of the U.S. Acid Rain Program, which
introduced for the first time a mechanism to allow for abatement substitution in pollutant
markets. We explain how abatement substitution takes place at national level and analyse
participation incentives of the volunteers. In chapter four, implications of asymmetric
information for the voluntary instrument design shall be discussed. We use diagrammatic
analysis to demonstrate the regulatory trade-off.

Chapter five begins with a brief description of mechanisms underlying leakages. Then we
turn to examining the approach of Montero (2000), which is touched upon in chapter four,
on the design of an opt-in emissions trading program. The approach is extended to take
into account the expected rise in emissions outside the mandatory program. The optimal
reduction target is derived in the presence of perfect and imperfect information.

Finally, in chapter six, we discuss lessons for design and implementation focusing on
economic efficiency and environmental effectiveness. In addition, we examine whether
lessons learned under the Acid Rain Program can give guidance on the design of voluntary
mechanisms for controlling emissions of greenhouse gases. Chapter seven summarizes our
conclusions.
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2 VOLUNTARY APPROACHES TO EMISSIONS TRADING
In this chapter we discuss the rationale for using voluntary provisions in emissions trading.
First we present the criteria to be used in the evaluation of voluntary programs and
examine conditions under which combining voluntary mechanisms with emissions trading
may be advantageous. Then we address three issues timely for the design of an
international climate change regime. These are program expansion, burden sharing and
technology diffusion. In particular, we highlight that in solving these issues, voluntary
participation in combination with emissions trading has a role to play.

2.1

Defining voluntary participation

Over the past decade policymakers have applied voluntary approaches to several
environmental problems, including global warming, to increase the flexibility in
environmental regulation (Alberini and Segerson 2002). Since the early 1990s voluntary
approaches have been used as a vehicle for curbing emissions. There is a large literature
indicating that firms can profit from taking voluntary action on pollution control. However,
there is no common agreement on whether the use of voluntary approaches improves
environmental effectiveness of the regulation. Some suggest that such approaches offer a
chance to comply with the environmental commitments at a low-cost and in flexible way.
Others find that such approaches achieve few environmental improvements beyond what
would have occurred anyway. Introducing voluntary mechanisms might even result in
higher control costs relative to a business-as-usual scenario. (OECD 2003b, 10-13).

OECD (1999b, 9-10) classifies voluntary approaches for controlling emissions into four
categories: unilateral commitments by industry; private agreements between stakeholders
and industry; environmental agreements negotiated between industries and regulating
authorities; and voluntary programs developed by regulating authorities that individual
firms can join. Several authors have concluded that voluntary programs are likely to be
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more successful when an underlying regulatory framework backs them up. In effect,
voluntary mechanisms are increasingly used in combination with emissions trading
because voluntary participation in tradable permit markets increases the diversity of
compliance options.
Voluntary participation in an emissions trading program enables sources to reduce
emissions in a flexible manner. Traditionally, under a tradable permit system, an affected
source complies with its reduction target either by reducing pollution or buying a permit to
pollute. By allowing the participation of non-affected sources, high-cost affected sources
can substitute reductions from low-cost non-affected sources for their own reductions.
Subsequently, the compliance with the reduction targets becomes more cost-effective.

A voluntary provision in an emissions trading program applies to sources that are not
required to reduce emissions by regulation. In general, there are two channels for
volunteering. A non-affected source can either opt-in and become voluntarily subject to the
cap on emissions (opt-in provision) or it can operate as a substitution partner and make the
emissions reductions on behalf of an affected source (substitution provision). Liski (2004)
notes that under a substitution provision, the regulating authorities accept one-to-one
substitution of reductions implemented outside the mandatory program for reductions from
the sources within the program.
A non-affected source can profit from voluntary participation if its marginal abatement
cost is lower than the market price of a permit. By volunteering for an emissions trading
program, a source receives allowances to emit according to its unrestricted emissions.5
When a source can cut down emissions at a cost inferior to the permit price, it has an
incentive to abate and to sell extra allowances in permit markets.

5 Emissions that would have taken place in the absence of regulation, also counterfactual emissions or
business-as-usual emissions.
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The evidence from the U.S. Acid Rain Program suggests that voluntary participation in
tradable permit markets can be substantial. In addition to the voluntary provisions of the
Acid Rain Program, the U.S. Environmental Protection Agency (EPA) has recently
adopted several voluntary programs.6 Similarly, Japan is planning to introduce a voluntary
emissions trading scheme in 2005. Through a pilot project established in 2003-2004,
technical bases of voluntary domestic emissions trading, like verification and calculation
methods, have been established.7

2.2 Assessing voluntary mechanisms

Several criteria have been suggested for use in the evaluation of alternative environmental
policy instruments to reduce emissions of greenhouse gases. These include environmental
effectiveness, economic efficiency, administrative costs, effect on competition, dynamic
effect, diffusion of information and political acceptability (OECD 1999b, 99-103). Policies
should also provide incentives to stimulate long-term technological innovation and
investment in low-carbon intensity options (OECD 2003a). To a certain extent, these
general criteria can be applied when evaluating mechanisms for voluntary participation.
Johnstone (2002, 2004) explores the links between emissions trading and voluntary
agreements. He shows that in many cases the use of multiple policy instruments targeted at
the same environmental damage can decrease economic efficiency, and also reduce
environmental effectiveness. He summarizes conditions that have to be met for the
complementary instrument to be successful. First, it should meet the legitimate policy
objective, which cannot be met more efficiently through the tradable permit system itself.
Second, the benefits of the tradable permit system (e.g. abatement cost reduction, dynamic

6 In the 1990s the EPA implemented over 31 public voluntary programs. See, for example, EPA’s 33/50
Program, which was established to reduce releases of toxic chemicals.
7 See www.env.go.ip/topic/cc040707.pdf for information on a pilot project of the Ministry of Environment in
Japan.
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incentives and environmental certainty) should be preserved. Third, the complementary
instrument should be administratively feasible at reasonable cost. (Johnstone 2004, 125).

Liski (2004) suggests that using abatement substitution may be beneficial if an emissions
trading program cannot cover all the relevant sources and if the demand for emissions
reductions does not depend on where the emissions are cut down. These conditions are met
in virtually all emissions trading programs controlling emissions of greenhouse gases.
Ideally, including provisions for voluntary participation decreases aggregate control costs
of an emissions trading program. However, economic efficiency is only assured if the
voluntary program succeeds in attracting low-cost volunteers.

It is difficult to assess whether a voluntary provision plays an important role in achieving
the environmental target of emissions trading, because regulators cannot observe businessas-usual emissions of the volunteers. Voluntary participation may compromise
environmental effectiveness of an emissions trading program, if the regulator cannot
determine a credible business-as-usual scenario for emissions of non-affected sources.
Under such circumstances, volunteers receive allowances that are not needed for
compliance and the cap on emissions is loosened.

Ellerman et al. (2003, 42-43) advocate that including provisions for voluntary participation
in a GHG cap-and-trade program can be valuable. With respect to the determination of an
appropriate baseline, there is substantial experience of several environmental credit
reduction programs that provide lessons for applications in GHG abating schemes. In
setting appropriate baselines for GHG programs, models used by the U.S. EPA to estimate
the future baseline status of natural resources damaged by different environmental insults
offer guidance on the development of similar procedures. Similarly, private companies
have developed methods of estimating baseline energy use in order to determine
compensation for efficiency-enhancing programs.
Thanks to the flexibility induced, a voluntary compliance program is likely to achieve its
environmental policy goal at a lower social cost than traditional regulation. Arora and
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Cason (1996) emphasise that compared to the command-and-control approach, voluntary
environmental regulation saves enforcement and compliance costs. However, due to
informational constraints mentioned above, costly verification is needed to prevent the
adverse selection of the voluntary emissions reductions. On the other hand, increased co
operation between regulators and polluters potentially improves information flows and
shortens implementation lags (Alberini and Segerson 2002).

Arora and Cason (ibid.) consider various reasons that may lead a voluntary program to
detract from the achievement of environmental goals. For instance, voluntary programs
crowd out investment directed at reducing alternative pollutants that are not part of the
program. If the marginal damage costs of these alternative pollutants are higher than those
covered by the program, it is unlikely that the program achieves its environmental goal.
However, in the environmental program design, some gases or sources are usually left
outside the program due to measurement problems. Domestically, some sectors may not be
eligible to be included in a cap-and-trade scheme but have individual eligible sources. For
that reason, the regulating authorities may allow the eligible sources to participate
voluntarily in tradable permit markets. (EPA 2003, 3-8).
Many countries use multiple policies and measures to control emissions.8 In such cases, a
key consideration for regulating authorities is how to design instruments to target
greenhouse gas emissions that work together effectively and efficiently in a policy-mix.
After all, combining a voluntary approach with a tradable permit scheme may entail
substantial administrative costs and weaken the environmental integrity of emissions
trading (OECD 2003b, 15).

2.3 Expanding participation in global mitigation action

8 See, for example, OECD/IEA(2002) and OECD(2004b).
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In theory, if all relevant sources could be covered by the emissions trading program all the
issues related to voluntary participation would be avoided. Although the future tradable
permit programs for controlling greenhouse gas emissions are unlikely to be
comprehensive in terms of sources, economic sectors or pollutants, the full potential of
emissions trading regarding cost savings can only be achieved through broad and
integrated international markets. Otherwise, marginal costs of abatement are not equalized
among all countries.

In reality, considerations of politics and transaction costs often result in a situation in
which the scheme caps only some potential sources (Ellerman et al. 2003, 42). As will be
discussed in chapter three, the national SO2 programme in the United States covered only
largest emitters, notably electricity generating units. Similarly, the U.S. RECLAIM
program excluded mobile sources, although they are a major contributor of NOx emissions
in the Los Angeles region.9 The EU emissions trading scheme caps only 40 percent of the
total EU emissions. For example, transport and residential uses are not covered by the
scheme.

Given the emission reduction targets under the Kyoto Protocol, many countries use
different mitigation policies. The application of different instruments in individual
countries depends on several factors, such as a country’s natural circumstances, industry
structure, and exposure of these industries to international competition (OECD 2003a, 13).
The Kyoto Protocol does not require parties to use specific policies and measures in
meeting the targets. It provides, however, for three flexibility mechanisms that potentially
help Annex I countries to meet their emission reduction targets at lower cost: international
emissions trading, joint implementation, and the Clean Development Mechanism (the
CDM).

Hahn and Stavins (1999) point out that the Kyoto Protocol can potentially provide for a
consistent international trading program. If all affected parties used domestic emissions

9 RECLAIM stands for Regional Clean Air Incentive Market.
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trading schemes and allowed for international trades, global abatement costs could be
minimized. However, the Kyoto Protocol does not provide guidance on how parties should
implement domestic trading schemes nor how international transactions should be
managed. Some parties are also likely to use non-trading approaches to comply with the
national targets. In such cases cost-minimization is not assured.

One of the incontestable advantages of emissions trading is the possibility for linking
domestic trading schemes. Outside the EU emissions trading scheme, Canada, Norway and
Switzerland intend to run domestic cap-and-trade schemes and potentially seek to link
them to those countries that have ratified the Kyoto Protocol. It is expected that linking of
emissions trading schemes brings benefits in terms of more liquid and efficient permit
market.
Before global carbon markets start evolving, it is crucial for domestic tradable permit
systems to allow for international trades. Achieving the potential cost savings in
international trades requires voluntary mechanisms such as joint implementation and the
Clean Development Mechanism (Hahn and Stavins 1999). As process of linking lacks
institutional framework, voluntary provisions provide a mechanism for the domestic permit
markets to expand geographically (Ellerman et al 2003, 41-43).

2.4 Sharing burden of global emissions reductions

According to IEA's projections that incorporate energy-efficient and environmentally
friendly policies, OECD emissions would peak around 2020, and then start to fall. By
2030, greenhouse gas emissions of the non-OECD countries will surpass OECD emissions
(IEA 2004).10 Hence sharing burden of global emissions reductions becomes a critical
issue. There are differences in considerations relating to an equitable distribution of the

10 The projected trends are roughly in line with those foreseen by the IPCC in a special report on emissions
scenarios in 2000.
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global burden of pollution control between rich and poor countries. For these reasons,
discussion has emerged on whether the non-affected parties (e.g. developing countries) can
participate voluntarily in emerging carbon markets, and if so, under what conditions
(Ellerman et al. 2003, 43).
Stabilisation of atmospheric concentrations of greenhouse gases is achieved only if all
major polluting countries take on some binding targets over the next few decades to curb
global emissions. However, different conception of burden sharing between major
polluting countries hinders the implementation of a fully international trading scheme.
Getting acceptance for emissions trading has not been politically easy in OECD member
countries (Johnstone 2004, 121-122). Currently, however, it is widely agreed that
industrialized countries should lead the way in worldwide climate change mitigation
efforts because they are endowed with better technical and financial resources and greater
institutional capacity than developing countries. Most industrialized countries also agree
with the conclusions of the IPCC on impacts of climate change but their willingness to pay
to mitigate these impacts differs greatly (Corfee-Morlot 2003).
The Kyoto Protocol does not impose emission reduction targets on developing countries.
Several authors (Barrett 1998, Ellis et al. 2004, Stavins 2004, and others) argue that the
total emissions reductions foreseen by the Kyoto Protocol cannot be achieved without
significant participation of the non-Annex I countries (See figure 1). Because of the lack of
capacity and political will, developing countries are unlikely to adopt binding emission
reduction targets in the near future. In this regard, voluntary participation (e.g. through
clean development mechanism) may prove to be an effective vehicle for engaging nonAnnex I countries in global mitigation efforts (Ellerman et al. 2003, 43; Stavins 2004).
Barrett (1998) points out that “the reason for broadening the participation is not to
redistribute costs so much as to lower the total bill”.
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Annex I Year 2000 Emissions

World 2000 Emissions

Figure 1 Non-participation matters
Source: Derivedfrom a presentation by Jonathan Pershing (WRI) at the IEA/IETA/EPR1 Workshop on GHG
Trading in 2004 (year 2000 emissions, six gases)

Earth Summit negotiations held in Rio in 1992, formally known as UNCED, reached a
consensus on the polluter pays principle: polluting parties were to be accountable for the
transboundary consequences of pollution. In particular, when addressing non-local
environmental problems (such as emissions of greenhouse gases), the efforts that
individual parties make were to reflect the extent to which they have contributed to the
problem and their capacity to tackle it (“common but differentiated responsibility”)
(UNCED 1992).

Since then, these principles have guided international climate change negotiations. The
United Nations Framework Convention on Climate Change (UNFCCC) commits parties to
“protect the climate... on the basis of equity”. Ashton and Wang (2003) emphasise that the
principle makes the achievement of requirements by developing countries conditional on
assistance from the developed countries. The concomitant problem is twofold. For
purposes of environmental effectiveness and economic efficiency, key developing
countries must participate in international climate action. For purposes of distributional
equity, they cannot be expected to pay the associated costs. Stavins’ (2004) argument is
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that “those countries must get on the global climate policy train, but they need not pay for
their tickets”.
Ellerman et al. (2003, 43) highlight that voluntary provisions have “strategic value beyond
the potential cost savings” as they prepare the way for broadening participation. Voluntary
mechanisms enable domestic emissions trading programs to extend the cap to include nonaffected domestic and foreign sources. Although a comprehensive control program may
not be achieved in the near future, Ellerman et al. (ibid., 43) argue that industrialized
countries can provide value created through their own permit markets that brings about
incentives for non-affected parties to participate. Some developing country sources are
readily identifiable and appropriate measurement techniques have been implemented. Thus
there is no reason to await a global emissions trading program to emerge.
Among the major economies, the United States is the largest per capita polluter.11 It is also
one of the major sources of climate-friendly innovation and capital. The U.S. withdrawal
from the Kyoto Protocol poses a serious problem to the global climate action. Given the
incontestable responsibility of the United States for past and current emissions, the
developing countries may see no reason in adopting new requirements. After all, the equity
arguments become very weak without the United States. (Ashton and Wang 2003).

2.5 Enhancing cleaner paths of economic development

Climate change is not high on the political agenda of developing countries. Developing
countries emphasise that it would be unfair to impose carbon constrains on their economies
at this stage because that would restrict their ability to address more urgent problems, most
importantly poverty. They also argue that developing countries were entitled to reach their
current levels of development without binding carbon constraints (Ashton and Wang

11 In 1990, the United States represented over 36% of the greenhouse gas emissions from Annex I countries.
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2003). Besides, on a per capita basis their GHG emissions will no doubt remain below
those of developed countries in future.
Currently, it is widely recognised that the ones that will suffer the most from global
warming are developing countries. According to some of the world's leading international
and development groups, global warming hinders the achievement of UN targets to reduce
poverty because food production, water supplies and public health are damaged by the
effects of climate change. Less developed economies rely to a large extent on natural
resources, which are greatly affected by climate change. In addition, they have relatively
low capacity to cope with the adverse effects of global warming such as extreme weather
conditions and diseases. Thus policies to reduce poverty and policies to tackle climate
change are irreversibly linked (OECD 2004a).
The rapid rise in total emissions from developing countries results from increased energy
demand and economic growth and is encouraged by high carbon intensity investment and
technology flows. Heller and Shukla (2003) acknowledge that today’s climate policies
have globally failed in weakening linkages between economic growth, energy intensity and
carbon output. Indeed, international climate change regime lacks incentives for developing
countries to pursue climate-friendly development paths.

2.5.1 The Clean Development Mechanism

The Clean Development Mechanism (CDM) is the primary instrument of the Kyoto
Protocol to fuel climate-friendly investment in developing countries.12 It has a twofold
purpose. It aims at supporting non-Annex I countries in achieving sustainable development
and assisting Annex I countries in their efforts to comply with their emission reduction
targets (Ellis et al. 2004). Voluntary projects under the Clean Development Mechanism
allow Annex I countries to invest in emissions reduction projects in developing countries
12 Modalities and Procedures of the CDM were adopted in November 2001 as part of the Marrakech Accords
(COP7).
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and be credited with the certified emission reductions (CERs). This provides incentives to
developing country firms to adopt climate-friendly technologies through CDM projects
because those projects potentially generate emissions reductions units that can be sold to
firms located in developed countries.

Although costly, voluntary mechanisms in emissions trading may entail significant benefits
in terms of innovations and diffusion of cleaner technologies. To date, developing
countries have not attracted sufficiently private sector investments from developed
countries because of the riskiness of their investment climate. In fact, also in the case of the
CDM, a large share of the financing has become from public funds (Ellis et al. ibid.).
However, there are certain geographical and socio-economic characteristics that could
facilitate the implementation of capital-intensive technology investments in developing
countries. First, developing countries are better adapted in terms of natural circumstances
to the development of climate-friendly technologies, such as renewables. Second, several
developing countries have limited existing energy infrastructure, which may reduce the
costs of introducing climate-friendly technologies. Third, energy demand is expected to
grow more rapidly in developing countries than in developed countries. And fourth,
compared to industrialized countries, labour costs are lower in less-developed economies.
(Philibert 2004).

Sustainable development aspects of CDM-projects vary by host countries and by project
types. Some potential CDM host countries have created sustainable development criteria to
be used to assess CDM projects. For example, projects generating renewable energy can
noticeably have positive effects on local environmental pollution, economic development
and employment, while reducing GHG emissions. However, most CDM projects have little
direct environmental, economic or social effect other than GHG mitigation. (Ellis et al.
ibid.).
Institutional capacity is critical to the effective design of instruments addressing climate
change. Before countries can benefit from foreign investment flows and cost-efficient
emissions reduction credits, both national and international institutions are needed. Kruger
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et al. (2003) acknowledge several barriers for building effective environmental institutions
in developing countries to manage the implementation of market-based approaches. These
include lack of resources, lack of trained personnel, weak systems of environmental
enforcement, lack of equipment and corruption. Given the above problems, several authors
have questioned whether the market-based approaches are appropriate in a developing
country context at all. However, Kruger et al. (2003) note that the challenge of
implementing environmental policy programs in developing countries is significant,
whether the instrument is market-based or not.

Developing countries need financial and human resources in order to be able to adapt
current institutions to address climate change or build up CDM dedicated institutions. In
response to the opportunities presented by the CDM, several developing country
governments have begun to establish national institutions or mechanisms to facilitate or
promote CDM investments. Ellis et al. (2004) point out that many less-developed
economies with high absolute emissions and/or high emissions intensity, e.g. China, India,
Brazil, South-Africa, South-Korea, Indonesia and Mexico, have fairly significant capacity
in place. Hence it may be useful to draw from this experience in designing future
mitigation requirements. In contrast, many African countries cannot risk large investments
in institutional infrastructure (Ellis et al. ibid.).

Many developing countries still see climate concerns as potential barriers for economic
development. Given the reluctance of developing countries to adopt mandatory targets,
more flexible measures may succeed in inducing commitment in the near term. In the long
term, experience with implementing climate-friendly project activities can help encourage
development of such activities under business as usual, and thus help create more
sustainable paths of development. (Ellis et al. ibid.).
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3 VOLUNTARY PARTICIPATION IN THE ACID RAIN PROGRAM
In the previous chapter we explored the benefits of voluntary mechanisms and highlighted
their potential role in the program expansion, in burden sharing, and in technology
diffusion. This aspect is valuable because trading schemes for controlling emissions of
greenhouse gases are unlikely to be comprehensive in future. Despite the opportunities that
an opt-in emissions trading program entails, several studies raise the question of how those
programs can be implemented without jeopardizing the environmental goals of emissions
trading.
Examples of voluntary participation exist in the case of sulfur dioxide trading. In this
chapter we describe the U.S. Acid Rain Program. Firstly we present an overview of the
program, then we explain how pollution abatement substitution takes place at national
level and analyze the shortcomings of the substitution provision under the Acid Rain
Program. Finally, we examine the reasons behind the decision to volunteer for an
emissions trading program.

3.1

Overview of the United States Acid Rain Program

The U.S. Acid Rain Program, enacted in Title IV of the 1990 Clean Air Act Amendments,
was the first and largest public policy experiment in the use of tradable permits to control
emissions.13 Thanks to its large scale and high profile, the success of the Acid Rain
Program has greatly enhanced the recognition of emissions trading in the 1990s. Moreover,
the Program is often referred to as an example for greenhouse gas emissions trading,
despite the fact that it capped sulfur dioxide, rather than carbon dioxide (Ellerman et al.
2003, 12).

13 The Title IV came into effect in 1995.
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The most important precursor of acid rain in the United States is sulfur dioxide (SO2). The
largest industrial emitters of S02 are the electric utility plants that utilize cheaper high
sulfur coal from eastern U.S. (Greenstone 2003). The Acid Rain Program’s aim was to
control aggregate emissions rather than emissions of individual sources, their emission
rates or the technologies they use to control emissions. Consequently, the 1990 law offered
electric generating utilities with several fossil-fuelled units significant flexibility in
complying with their emission reduction targets (Joskow and Schmalensee 1998).

Schmalensee et al. (1998) consider two possibilities for reducing S02 emissions from
electric generating units: burning fuel with less sulfur (i.e. fuel switching); and scrubbing.
The latter involves installing a relatively expensive desulphurisation facility. Of course, an
affected unit may also decrease power generation. Differences in location, design and
utilization rate affect the choices of affected sources in switching to lower-sulfur coal or to
operate scrubbers.
The title IV imposed a cap on emissions of roughly nine million tons of S02 per year from
electric generating plants.14 The national cap was effective in the year 2000 and beyond,
and was to be achieved in two phases. In Phase I (1995 through 1999) large electric
generating units with high emissions rate became affected. 15 In Phase II (2000 and
beyond) virtually all fossil-fuelled electric generating units in the continental U.S. became
subject to the cap on S02 emissions. During Phase II total S02 emissions from electricity
generating units are to be reduced by half compared to the levels in the early 1980s.
(Ellerman et al. 2003, 12).

14 In other words, the total effluent is capped by the number of permits made available (a cap-and-trade
program). The Acid Rain Program provided also for reduction credit supplements. See Ellerman et al. (2003)
for a discussion.
15 Throughout this thesis we use the term unit as defined Schmalensee et al. (1998). An electric generating
unit is a combustion device (e.g. boiler or turbine). A generating plant consists of several generating units,
which may be of different scale or type.
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Each year the affected units are allocated a fixed number of tradable permits (called
allowances) free of charge, out of the nine million tons of SO2 available for the U.S.16 Each
allowance entitles its owner to emit one ton of sulfur dioxide. The allocation method
depends mostly on historic emissions and heat input use of an affected unit. In addition to
the grandfathered permits, roughly two percent of allowances were withheld by the
regulating authorities (EPA) for allocation in an annual auction. The EPA auction was
intended to encourage trading by providing price information and ensuring the availability
of allowances for new units. (Ellerman et al. 2003, 12-14).
During Phase II electric generating utilities are able to control their emissions by the
allowances they were allocated, buy and sell allowances, and to bank them for future use.
Affected sources with high marginal costs of abatement can comply with emission
reduction targets by buying allowances, in other words “paying others to reduce more on
their behalf’. On the other hand, low-cost sources can reduce emissions below the baseline
level and sell the surplus permits or bank them. (Ellerman et al. 2003; 12, 33).

To date, cost savings from the Acid Rain Program have been significant. Ellerman et al
(2003, 16) estimate that the combination of spatial trading and banking will reduce annual
compliance costs by some $2.3 billion per year, a reduction of over 60 percent compared to
the business-as-usual scenario. During the first 13 years of the program the aggregate
compliance costs are expected to decrease by $20 billion, which implies cost savings of 57
percent relative to the command-and-control alternative. Stavins (2002) points out that
because of differences in ages of plants and their proximity to sources of low-sulfur coal,
SO2 abatement cost heterogeneity of the participants was great. It appears that the Acid
Rain Program confirms the general assumption that market-based instruments are likely to
be more successful when abatement costs are heterogeneous.

16 During Phase I, the yearly issuance was roughly 5.7 million allowances. In Phase II it was increased to 9
million allowances, which was the ultimate cap. See Joskow and Schmalensee (1998).
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In the Acid Rain Program the actual emissions were measured by using a continuous
emissions monitoring system (CEMs), which played an important role in the success of the
SO2 trading. With an accurate measurement system in place, no regulatory pre-approval of
individual trades was necessary. According to Schmalensee et al. (1998), an affected unit
incurred an average annual cost of some $124 000 due to the overhead costs of installing
the equipment. Ellerman et al. (2003, 17) estimate that CEMs added roughly seven percent
to the total compliance costs during Phase I. In the case of GHG trading, Schmalensee et
al. (ibid.) expect monitoring and enforcement to pose more serious impediments to the
implementation of a global emissions trading scheme (see discussion in chapter 6.3.).

3.2

Pollution abatement substitution

Besides the mandatory cap on sulfur dioxide, the Acid Rain Program included provisions
for voluntary participation that enabled affected sources to substitute emissions reductions
from non-affected units for reductions from affected units. This mechanism of abatement
substitution was called substitution provision in this particular program. Another voluntary
component was an industrial opt-in provision that applied to industrial sources of sulfur
dioxide that would not otherwise be subject to Title IV. However, only few industrial
sources opted in. The different approach is largely explained by the differences in
transaction costs for each category of volunteers (Atkeson 1997).

As argued in chapter two, pollution abatement substitution between affected and nonaffected sources increases the diversity of emissions reductions possibilities. Ideally
substituting reduction from low-cost affected units for reduction from high-cost affected
units decreases aggregate control costs of the program. In theory, allowances should be
allocated to non-affected units equal to what their emissions would be if they did not
participate in the program (i.e. unrestricted or counterfactual emissions, see Montero
2000). If the estimates could be produced accurately, voluntary program would entice only
units with low abatement costs.
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Under the Acid Rain Program, units that were bound with mandatory targets in Phase I
were called Table A units. The substitution provision applied to electric generating units
that would not be affected by Title IV until Phase II. Non-table A units that were
substituted for Table A units then received allocations of allowances equal to their historic
emissions. They could participate in the program for all, part or none of Phase I. The
choice of whether to enter or exit the program was made annually by the end of November.
(Ellerman et al. 2000, 199-201).
The evidence has shown that the substitution provision was extensively utilized, with
approximately 30 percent of eligible sources participating. Over 200 electric generating
units opted in for one or more years of Phase I, and 138 remained in the voluntary program
for all of the five years (Ellerman et al. 2000, 197). The high proportion of early
participants in Phase I was due to several factors. Firstly, substitution units were owned or
operated by electric generating plants that own or operate a Table A unit. Subsequently, the
owners of potential opt-in units were already incurring overhead costs of the program.17
Secondly, substitution units incurred already costs of reporting and monitoring, because
both Phase I and Phase II sources were required to install a CEMS by 1995. Finally, the
owners of the potential opt-in units knew beforehand the proportion of allowances they
would get since this had been stated in earlier regulations. This made the advantages of the
voluntary program comprehensible. (Ellerman et al. 2003, 18).
It is, however, inappropriate to evaluate a voluntary program only on the basis of
participation. While simple rules without case-by-case verification contribute greatly to
reductions in transaction costs, the easy participation becomes at a potentially high
environmental cost. In general, calculations of a unit’s allowance allocations were based on
baseline emissions, which were determined by a unit’s average annual heat-input from fuel
combustion during 1985-1987 (Ellerman et al. 2003, 12). The pre-specified baselines relied
mostly on fairly old data and in many cases the unrestricted emissions in 1995-99 were

17 Potential opt-in firms in the Acid Rain Program refer to eligible sources under Title IV. See Montero
(2000).
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different from the baselines. Because of changes in coal markets, several non-affected units
had already switched to low sulfur coal prior to Phase I for economic reasons.

The difference between the pre-determined baseline and actual emissions created an
incentive to participate in Phase I to receive allowances that would not be required for
compliance (i.e. paper trades). Hence volunteering became attractive to units whose
emissions would have fallen below the baseline levels even without the additional
reductions required by the program (Ellerman et al. 2003, 19). Montero (1999) argues that
the most likely volunteers were clearly those whose expected emissions were inferior to
the benchmark level of emissions. Overall, the dirtiest large units that participated by
mandate achieved the most cost-effective emissions reductions in the Acid Rain Program
(Ellerman et al. 2000, 321). While Montero (ibid.) assumes in his analysis of the adverseselection problem that participation is costless to electric generating units, Liski (2004)
points out that the adverse-selection effect can be avoided if participation is made
sufficiently costly.18
Ellerman et al. (2000, 201-203) present a comparison of heat-input trends among potential
opt-in sources. Generally, the units that became substitution units decreased their input
utilization as Phase I approached, while the others increased the utilization on average.19 In
consequence of lower heat input utilization and emission rate before Phase I, total
emissions from the substitution units were 34% below their historic levels in 1993. In
comparison, emissions from other eligible units were 22% above historic levels.
Nevertheless, Montero (1999) suggests that designation as substitution unit did not affect
the heat input utilization but did affect the emission rate.
Ellerman et al. (2000, 200) point out that the estimates of unrestricted emissions for
substitution units were hardly accurate since they were based on such old information,
18 Costs of verification and approval can be considered as participation costs.
19 By 1993 heat input of the substitution units had fallen by some 9 percent, while it was somewhat
unchanged for Table A units, and 24% higher for eligible units that did not become substitution units. See
Ellerman et al. (2000, 201).
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dating from at least five years prior to the start of Phase I. However, Montero (2000)
emphasises that the regulating authorities might have been reluctant to establish allocation
rules according to information too close to the compliance period in order to prevent the
strategic behaviour on the part of the substitution units.
The adverse selection of the substitution units was exacerbated by unexpected expansion of
market area for low-sulfur coal in west, and hence by over-investment early in Phase I in
scrubbers and low-sulfur coal (Montero 1999). The increased utilization of low-sulfur coal
reflected the decline in rails rates, which made the access to western low-sulfur coal easier.
Consequently, the allocation rule for non-affected units proved to be inefficient.
Although the adverse selection of volunteers clearly undermines the success of the
substitution provision in terms of environmental effectiveness, the resulting increase in
aggregate emissions was not substantial. Montero (1999) estimates that paper trades
accounted for less than two percent of total emissions during the first ten years of Phase II,
when these excess allowances would be used. On the other hand, cost savings from
emissions trading with substitution units were small, because generally those units reduced
emissions prior to the Program, and only for few years. We discuss the problem of adverse
selection in detail in chapter four.

3.3 Participation incentives of the volunteers

Theoretical studies suggest that firms participate in voluntary programs if the expected net
benefits are superior to the business-as-usual scenario (Khanna 2001). As discussed above,
incentives to join the substitution program include gains from lower abatement costs and
gains from excess permits.20 In an econometric analysis, Ellerman et al. (2000, 203-212)
employ a discrete econometric model to depict the relative importance of factors affecting
20 The Acid Rain Program interacted with a NOx trading program as several S02 constrained units were
subject to NOx emissions reductions. Consequently, some Phase II units became substitution units in order to
qualify for NOx allowance grandfathering.
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the reason to opt in. Although they find large variety in motives for volunteering, the most
important cause for volunteering appears to be an allocation of allowances above
unrestricted emissions. However, for units with high emission rates, lower abatement costs
proved to be a motivating factor explaining voluntary participation.
Overall, it is difficult to determine whether the benefits associated with excess allowances
dominated the benefits from lower abatement costs, because the balance between the two
factors depends on actual unrestricted emissions - a determinant that cannot be directly
observed. However, a conclusion that significant cost savings were achieved with only a
minor increase in total emissions can be excluded (Ellerman et al. 2000, 213-215). Low
expected allowance prices in Phase I may also have encouraged voluntary participation
since volunteering permitted non-affected units to access tradable permit market already
prior to Phase II, when marginal control costs were expected to be higher.21

Arora and Cason (1996) examine voluntary participation in the EPA 33/50 Program, which
was established to reduce the releases of toxic chemicals. They conclude that the voluntary
program did not encounter the problem of adverse selection. One of their hypotheses was
that firms volunteered for the program because of their substantial toxics reductions prior
to the initiation of the program, but they found no supporting evidence, thus no free riding
on earlier emissions reductions.
In some cases, the threat of mandatory policy induces voluntary compliance. Khanna
(2001) concludes that the efficiency and effectiveness of voluntary approaches can be
improved if there are stringent legislative threats. As noted above, early compliance
characterized also Acid Rain Program. In Denmark, a tradable permit scheme for
controlling emissions of greenhouse gases interacted with the national carbon dioxide tax
system established in 1996. Volunteers benefited from a substantial tax rebate, which lead
to ambitious emissions reductions under the tradable permit scheme (OECD 1999b, 125).

21 In the early 1990s the estimates of allowance prices were $250-350 per ton in Phase I and $500-700 per ton
in Phase II (Schmalensee et al. 1998).
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Uncertainty about the actual utilization of electric generating units can discourage
voluntary participation. As a result of changes in allowance prices and input costs, plants
tend to adapt capacity of the affected units. If a unit’s utilization proves to be higher than
estimated, the owner will need additional allowances to cover the emissions from increased
fuel combustion. However, voluntary commitment decreases generation flexibility. The
larger the plants proportion of affected units, the greater the loss in generation flexibility
from volunteering more units. (Ellerman et al. 2000,207).

Arora and Cason (1996) found that an increase in firm size would generally make
voluntary participation more likely. However, Alberini and Segerson (2002) note that in
several empirical studies the positive relationship between participation and firm size is
fairly insignificant. Besides economic gains, participation in voluntary programs may bring
firms ancillary benefits, such as public recognition (Khanna 2001). In their study on EPA’s
33/50 voluntary program, Arora and Cason (ibid.) suggest that firms are more likely to
volunteer in industries with greater consumer contact. However, the empirical evidence
from the substitution provision under the Acid Rain Program (Montero 1999) and from
several other public voluntary programs (Khanna 2001) suggests that economic variables
explain rather well volunteers’ motivation.
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4 ASYMMETRIC

INFORMATION

IN

THE

VOLUNTARY

INSTRUMENT DESIGN
Voluntary provisions in an emissions trading program bring about benefits in terms of
production efficiency. However, meeting environmental policy goals and lowering
aggregate control costs is not assured when regulators lack information on voluntary
sources’ emissions levels and control costs. In this chapter the regulatory problem of
asymmetric information shall be discussed along with the associated phenomenon of
adverse selection. Finally, a diagrammatic analysis depicting gains and losses from
voluntary compliance shall be expounded.

4.1 Regulatory trade-off
In the design of an opt-in emissions trading program the regulator aims at achieving
environmental effectiveness and economic efficiency. As textbooks in the field of
environmental economics explain, environmental policy goals should be set in such a way
that marginal social benefit of additional abatement equal marginal social loss of
undertaking the abatement.22 In the real world, however, targets are often set differently
because regulating authorities are constrained with imperfect information.

In the context of a cap-and-trade scheme, environmental goals are imposed through
allowance allocations, which are assigned to participants according to their unrestricted
emissions. The main obstacle in the program design is the determination of an appropriate
baseline i.e. a measure of the emissions level in the absence of the policy. Given the fact
that under asymmetric information the baselines are likely to be inappropriate and result in
overallocations, environmental effectiveness is not guaranteed.

22 See Baumol and Oates (1988).
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A voluntary provision in emissions trading is intended to lower total compliance costs of
the program. This implies that allocations need to be set at a level that would induce
participation by low-cost firms. If permits were allocated according to unrestricted
emissions, non-affected firms would make the low-cost reductions and gain from selling
the permits that are not needed for compliance. In such instances, both environmental
effectiveness and economic efficiency would be achieved.
Under uncertainty, regulators incur costs of providing incentives for truth telling (i.e.
information rents) that depend on the value of firms’ privately observed parameters
(Spulder 1988).23 In regard to control cost minimization, it is irrelevant whether the
regulator knows the unrestricted emissions and control costs of affected firms because
those firms participate by mandate. However, asymmetric information on unrestricted
emissions and control costs of non-affected firms may lead to an allocation of surplus
permits for covering emissions reductions that would have been undertaken anyway.

The preceding discussion implies that the regulator faces a trade-off between production
efficiency and information rent extraction.24 If the allocation rule is loose, more units with
low cost of abatement participate, but the cap is loosened by the allocation of surplus
permits. If the allocation rule is tighter, fewer low-cost units participate, but there will be
less surplus permits (Ellerman et al. 2000, 198).

4.2 Adverse selection of the volunteers
Ideally, a voluntary mechanism would entice firms with low marginal control costs, since
their participation decreases the total costs of the program. However, as discussed
throughout this thesis, it also encourages the participation of the units that have already cut
emissions down from the benchmark level for other reasons.
23 For instrument choice under uncertainty, see Weitzman (1974).
24 The regulator minimises total control costs and excess allowances to attain both environmental and
economic goal of the program. See Laffont and Tiróle (1994).
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Consider now an electric generating unit at the end of its life cycle volunteering for an
emissions trading program. In the presence of perfect information, the regulator allocates
allowances according to a unit’s counterfactual emissions. In reality, however, the
regulator has less information on the emissions level of the unit than do the owners.
Furthermore, he determines the permit allocation rule prior to the start of the program, and
cannot amend it easily if new information becomes available."5

Assume that the unit will be closed down in the near future and the owners want to take
advantage of the emissions reductions resulting from falling rates of utilization. Hence, the
owners have an incentive to overestimate the unit’s unrestricted emissions. As the
regulator is constrained with asymmetric information, he cannot anticipate the
misreporting and allocates excess allowances to the substitution unit.

In this case, due to hidden characteristics of the non-affected unit, the substitution
provision attracts abatement that would have taken place anyway. The rationale is that the
unit’s emissions levels decrease substantially when it closes down operations, and although
no real emission reduction was achieved by the substitution, the unit can take advantage of
the excess allowances by selling them in the permit markets. In this regard, the voluntary
provision leads to higher emissions than under a business-as-usual scenario because of the
excess permits to pollute.

4.3 Diagrammatic analysis
In the following the framework of Montero (2000) is presented to examine the adverseselection problem and to demonstrate the regulatory trade-off. The costs and benefits of
voluntary participation are illustrated in Figure 2. It has q by which total emissions are
reduced from unrestricted emissions on the horizontal axis. В '(q) represents the marginal*

25 See Montero (2000).
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social benefit of emission reduction and C'A(q) is the marginal cost of emission reduction
from affected sources.26 Assume that q is the abatement target that the regulator imposes
on affected firms. Accordingly, aggregate control costs are depicted by the area under
C'A(q) from 0 to q .

When the regulating authorities implement a voluntary compliance program and allocate
allowances to non-affected units according to their historic emissions, the inclusion of lowcost volunteers shifts the marginal cost curve downwards. Now, C'AOp(q) denotes the
aggregate marginal control costs from affected firms and volunteers. If individual
unrestricted emissions from substitution units do not differ from their historic level (or
allocations), and when the reduction target q remains the same, aggregate control costs
reduce to the area under C'AOp(q) from 0 to q . Savings from the voluntary compliance
program are then given by the area Л(АВРО). Noticeably, there is no adverse-selection
problem.

In practise, some substitution units will have reduced their unrestricted emissions below
historic emissions, and hence total allowances distributed to non-affected firms will be
above total counterfactual emissions by some amount EA, excess allowances.
Consequently, the abatement target decreases from q to q- EA. This shift to the left
represents the adverse-selection effect. Aggregate control costs are now represented by the
area under C'AOp(q) from 0 to q- EA. Moreover, savings from low-cost emissions
reductions are given by /l(ABCJ) and savings from avoided reductions are the area
Л(1СРН). It is important to note that emissions will increase by an amount EA, which
induces social costs given by the area under B '(q) from q to q - EA, notably v4(IDEH).

26 Assume that B’(q)>0, B”(q)<0, C’(q)>0, C”(q)>0, B’(0)>C’(0), and B’(q)<C’(q) for a sufficiently large q.
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Figure 2 Costs and benefits from voluntary compliance
Source: Montero (2000)

The net benefits from the voluntary program are equal to v4(ABCJ)-/l(CDEF), which can
be positive or negative depending on the slope of the B'(q) and C'(q) curves and on the
location of the original reduction target. In effect, if the reduction target is greatly higher
than the original target q , excess permits may actually increase welfare. Suppose that
С’аор(ц)

is still the marginal control cost from affected and substitution units and q is the

new reduction target. Then, by the same reasoning as earlier, given the new reduction level
q-EA, the total benefits from the voluntary program are represented by the area
yf(ABML) + /l(KMNQ), which is positive. It must also be emphasized that the total

savings from voluntary participation depend on the economical availability of the
abatement substitution possibilities.
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5 CARBON-LEAKAGE

EFFECT

IN

THE

VOLUNTARY

INSTRUMENT DESIGN
In this chapter we put together two effects - adverse selection and carbon leakage. First we
examine briefly the key sources for carbon leakage. Then the optimal design of a cap-andtrade scheme with voluntary participation is demonstrated. We present a slight extension of
the model of Montero (2000) discussed in the previous chapter that takes into account the
carbon leakage effect, and the concomitant rise in unrestricted emissions outside the
regulatory program. In particular, we highlight that under asymmetric information the firstbest solution is feasible when distributional concerns are not important.

5.1 Mechanisms underlying leakages
Mitigation policies in large open economies have an effect on the domestic allocation of
resources and international market prices (Böhringer and Rutherford 2002).27 When those
policies are subglobal - a common characteristic of climate change policies in place - they
may alter the level of total emissions in the rest of the world. The carbon leakage occurs as
the effect of emissions reductions by affected parties leaks away through increasing
emissions of non-affected parties. Consequently, the environmental benefit of reduced
emissions in the affected region is offset by higher emissions in the non-affected region.
Leakages are the result of complex interactions between energy and non-energy markets.
There are several sources for carbon leakage (Bumiaux and Oliveira-Martins 2000,
Böhringer and Rutherford 2002). For example, carbon leakage may occur through the
change in demand on global fossil fuel markets. Emission reduction targets in affected
countries may decrease significantly the global demand for dirty inputs, e.g. coal, which
lowers global prices for dirty inputs. As a result, non-affected regions can take advantage

27 There is a large literature on potential economic impacts of unilateral and multilateral mitigation policies.
See, for example, IPCC (2001) Climate Change I: Mitigation. Technical Summary.
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of lower prices on fossil fuels and increase their demand, and thus increase emissions. The
change in demand depends on fossil fuel prices and substitution possibilities among inputs.
More importantly, the supply response by fossil fuel producers affects the magnitude of the
leakage (Bumiaux and Oliveira-Martins, Paltsev 2001).28

Besides the channel via energy-markets, carbon leakage may occur through non-energy
markets. Higher costs of energy-intensive products can harm competitiveness and
endanger employment in the affected energy-intensive industries and cause a shift in
production. It has been argued that the magnitude of this effect depends on Armington
elasticities (trade substitution elasticities). Hence larger elasticities would reflect larger
effects of prices on market shares.29 In addition to the direct effects in goods markets,
unilateral emissions reductions may induce the relocation of carbon intensive industries
and new energy projects to the uncapped countries. Bumiaux and Oliveira-Martins (2000)
and Babiker (2001) point out that the degree of international capital mobility is unlikely to
affect the leakages occurring via this channel.

Unilateral mitigation policies may result in negative leakage i.e. reduced emissions in
uncapped countries. This occurs when the international relative price of oil, vis-à-vis coal,
falls and increases demand for less carbon-intensive energy outside the regulation.
Bumiaux and Oliveira-Martins (2000) note that negative leakages are more likely to occur
when the supply elasticity of oil is small and the supply of coal is elastic.
The carbon leakage rate is defined as the increase in emissions as a percentage of the total
emissions reductions of non-affected parties. Paltsev (2001) estimates that the Kyoto

28 The size and scope of leakages occurring through energy markets depend on the supply elasticities for
fossil fuels and to some extent on the structure of the energy markets (e.g. elevated transportation costs and
lack of infrastructure) (Bumiaux and Oliveira-Martins 2000). As coal is the most carbon intensive fuel, its
supply elasticity influences the size of leakages. Note that the ratio of carbon in coal is 1, in oil 0.75, and in
gas 0.57. See Paltsev (2001).
29 In the Kyoto context, Bumiaux and Oliveira-Martins (2000) find Armington elasticities to have only a
minor effect on leakages appearing via non-energy markets.
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Protocol will lead to a carbon leakage rate of 10%.30 In other words, a decrease in carbon
dioxide emissions by Annex I countries of 100 million tons would result in an increase in
carbon dioxide emissions by non-Annex I countries of 10 million tons. Rather than 100
million tons, the global emissions reductions would be 90 tons. If the leakage rate is high,
then the emissions reductions by affected parties have no effect on global emissions.

Leakage will be more severe if the between-country differences in marginal costs are great.
For this reason, emissions trading plays an important role in reducing the leakage effect by
equalising marginal abatement costs of regulated and non-regulated parties. A number of
studies state that emissions trading has the potential to decrease the carbon leakage rate by
up to fifty percent (Bumiaux and Oliveira-Martins 2000, Paltsev 2001). Interestingly, the
same forces causing compliance costs to be higher (the differences in marginal costs) cause
benefits to be lower (higher aggregate emissions because of the leakage) (Barrett 1998).

Using the flexibility through a voluntary provision in an emissions trading program not
only lowers aggregate control costs, but also limits the risk of leakages by expanding the
program coverage. However, a voluntary provision has a downside. Non-regulated sources
are often located in areas with no emissions cap. The production of dirty energy can thus
be reallocated within the area while some units simultaneously decrease production and
opt-in. In such instances, a voluntary provision only shifts dirty energy production from
one plant to another.
Falling utilization of plants in the capped area increases energy imports from sources
outside the program. Carbon leakage thus renders the regulatory program more
advantageous to non-participating sources since they can use low-cost dirty inputs in their
energy production. By expanding the coverage of an opt-in emissions trading program, the
carbon leakage can be dampened. The regulator still faces the problem of how to allocate
permits to non-affected sources for them to have an incentive in participating.

30 If a climate change treaty was restricted to industrialized countries, the leakage rate could be considerable
for individual countries (Paltsev 2001).
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5.2 The model
Following Montero (2000) we present a two-period model (t = 0,1 ) to explain the design
of an opt-in emissions trading program in the presence of asymmetric information and
carbon leakage. In t = 0 the program is designed. The regulator defines an opt-in
allocation rule aop that is intended to induce voluntary participation by low-cost firms, and
an abatement target q to be met from abatement by affected firms. He also designates a
proportion of firms a < 1 to be affected by mandate. Affected, non-affected and opt-in
firms are indexed by A, NA and OP in this model.31 In t = 1 the program is implemented
and firms make the decision of whether to enter the program after observing their
unrestricted emissions, marginal control costs and the market price of permits.

In the permit market there is a continuum of polluting firms of mass 1. An individual firm
can cut down и

units of emissions at a marginal cost of c . For convenience, let us

assume that control costs and unrestricted emissions have the quadratic form.32 Costs differ
across firms according to the density function g(c) and cumulative density function G(c)
that are defined over interval [o,c] for non-affected and [o,c] for affected firms. On
average, the control costs are lower outside the regulatory program, and we have c >c
respectively. Unrestricted emissions differ across firms according to the density function
f(u) and cumulative density function F{u). Assume that period 0 emissions are equal
across firms, a0 (mean). In period 1, unrestricted emissions of both affected and nonaffected firms are expected to take values in the interval и e [0,м]. Consider first perfect
information on c and и of individual firms. This condition is relaxed in chapter 5.4.

31 Note that an opt-in firm is a non-affected firm that participates voluntarily in an emissions trading program.
32The linear marginal cost curve results from a uniform distribution for g(c). Note that for a uniform
distribution we have: g(c) = 1 / С" = 1 /(c - c).
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5.3 Determination of a first-best reduction target
In a world of perfect information the environmental regulator observes individual
unrestricted emissions and control costs. The regulator’s aim is to impose an optimal
emission reduction target q to be achieved from affected and non-affected abatement (qA
and qNA ). The target is set through permit allocations for affected aA and opt-in aop firms.
Pollution permits have a market-clearing price we denote by p*. The regulator maximizes

max W =B(q)-CA(qA)-CNA{qNA)

(1)

Ча.Чма

subject to

Ч = Ял+Янл

(2)

By solving the first-order conditions we get

B'{q

=

qA

+^)=cÁ(^)=cL(9^)=y

(3)

In order to implement the first-best solution (q\p*) the regulator sets an emission
reduction target for affected firms q through the allowance allocation aA and determines
the allocation rule aOP for opt-in firms in a way that the market clearing price p* = p.
The opt-in allocation rule must induce participation of all non-affected firms incurring
marginal costs below, or equal to p'. Let n denote profits from volunteering

n = p"aOP -cu>0

(4)

As our previous discussions imply, a non-affected firm has an incentive to volunteer if a
firm’s unrestricted emissions are inferior to the permit allocation anp > и or a firm’s
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marginal abatement cost is below the market price of permits c < p". As long as aop >u a
firm can gain from volunteering even if a firm’s marginal cost of abatement exceeds the
permit price (c > p" ).

The regulator cannot assign permits equal to anp > и since high-cost firms [c> p ) would
volunteer without reducing their emissions.33 Clearly, aop < и is not an optimal allocation
r uOP
* .г
rule either since it would discourage the low-cost volunteers with -—— <c < p from
и

participating. Consequently, the regulator sets the allocation rule aop = и for opt-in firms,
which induces full participation of non-affected firms.

The equation 3 gives us the first-best reduction target q = q' for affected firms. These
firms are allocated permits equal to the difference between their unrestricted emissions and
the target q , such as aA = ccu0 - q , where a is the share of the affected firms. Given the
absence of transaction costs and uncertainty on trade approval, the permit allocation to
affected firms is not relevant regarding efficiency of the program design.34 It is important
to note that no surplus permits are given because individual unrestricted emissions are
observable.
Proposition 1. Under perfect information on individual unrestricted emissions and control
costs, the regulator assigns an allocation of permits to volunteers equal to their
unrestricted emissions. Affected firms receive permits equal to the difference between their
unrestricted emissions and the optimal reduction target q'. There is no adverse selection.

33 The first-best solution is, however, feasible if the regulator can reduce allocation of affected firms.
34 See Montero (1998) for a discussion.
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Figure 3 First-best reduction target under perfect information
Source: Montero (2000)

The first-best emission reduction target is represented in Figure 3 where

C'ana(q)

depicts

the control costs of affected and non-affected firms. Given the reduction target q and the
optimal market price p*, affected firms now control qA rather than q . The difference
q - qA becomes from emissions reductions undertaken by opt-in firms. Gains from
voluntary participation are the area Л(АВСО).

5.4 Determination of a first-best reduction target under imperfect
information and carbon leakage
In the real world, individual unrestricted emissions and control costs are unknown to the
regulator. While values of each firm’s и and c are firms’ private information, their
cumulative distributions are observable by the regulator and other firms. Consequently, the
regulator can derive the aggregate marginal cost curve in the permit market.
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Imperfect information regarding affected firms does not affect the efficiency of the
regulatory approach. However, imperfect information regarding non-affected firms is
likely to lead to allocations that are not needed for compliance. In fact, observable
unrestricted emissions are critical to the efficient program design. Knowing marginal
control costs, but not knowing unrestricted emissions does not solve the problem of
adverse selection. This can be understood by analysing the participation constraint (4).
Given the observable c, the regulator would allocate allowances solely to firms with
c < p. However, a part of the trade-off remains.

On aggregate, the regulator knows that unrestricted emissions are greater in period 1 than
in period 0, which reflects the leakage effect. We depict the rise in unrestricted emissions
of non-affected firms with в. The parameter в shifts the distribution of unrestricted
emissions. Hence, in period 1, emissions of non-affected firms are defined over
uNA

g

[0,ы в]. Aggregate emissions of non-affected firms are given by

(5)

0

Due to the rise in aggregate unrestricted emissions, the increase in total costs from the last
unit of abatement is now smaller. Thus, in the presence of carbon leakage, marginal control
costs of non-affected firms decline. This is because we would expect lower abatement
costs for units with higher emissions rates, since the probability of finding low-sulfur coal
is higher and technology options are greater. The participation constraint of non-affected
firms (4) can now be expressed as

n = p'aOP - сив > 0

(6)

45

Against this background, consider again the regulator’s problem (1). Assume that the
regulator has two instruments, namely allocations to non-affected firms aop and allocations
to affected firms aA, to solve the problem of control cost minimization and information
rent extraction. In the discussion below it becomes clear that the regulator can achieve the
first-best outcome.
The equilibrium price is a function of a reduction target q and an opt-in allocation rule
a

and is equal to p = p(q,aOP). Although marginal control costs are unknown to the

regulator, he can deduce the equilibrium price. Figure 4 illustrates the likelihood of optingin for a non-affected firm, given p and aop. It has marginal costs on the horizontal axis
and unrestricted emissions on the vertical axis.

Figure 4 Likelihood of volunteering for a non-affected firm
Source: Derivedfrom Montero (2000)
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A firm presented by a pair (c,u) that is located in areas Al, A2 or A3 can gain from
volunteering as long as it has n>0. A firm falling in area A1 has lower unrestricted
emissions than the permit allocation и < aOP. It has no reason for reducing emissions
because its marginal cost exceeds the permit price, c > p . A firm in A 2 has и < aOP and
makes the low-cost emissions reductions with c < p . Lastly, a firm in A3 has higher
unrestricted emissions than the permit allocation, и > aOP. It has an incentive to reduce
emissions if тг > 0, where c(u)=paOPluG is derived from the new participation
constraint (6).
The total emissions reductions are given by

q=

JJ u6dFdG = ^ùe

(7)

c

0 0

Solving with respect to p yields

(8)

The expression below gives us the total control costs in the permit market

С(Яа>Яш’0)= \cdG

(9)

By integration and using (8) we obtain

2c
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Next we illustrate comparative statics and ask how a change in в affects the equilibrium
emission reduction q . In equilibrium we have

(10)

£'(,)-C'M)= 0

By taking the total differential we obtain

[8"(<,)-C'M)tø

SC'(q,e)

se

de = o

(11)

dC(q,e)

ее
A =_____________
de [B"{q)-C'{q,e)\
As usual, we have B"{q) < 0 and C"{q) > 0 (see footnote 26), and —^ < 0 is derived
од
from (9). This yields — > 0.
de
When total unrestricted emissions of non-affected firms are increased a bit, the optimal
emission reduction target is pushed up. Because of the decline in abatement costs of nonaffected firms, it makes sense to bring the less-costly emissions reductions in the program.
Cheaper abatement possibilities outside the regulation may thus lead to a tighter mandatory
program. On the other hand, carbon leakage may discourage potential volunteers from
participating because they can take advantage of depressed prices for dirty inputs in their
production. It is also important to note that on a national scale (e.g. within the Acid Rain
Program), unilateral emissions reductions by affected sources are unlikely to lead to a
substantial leakage effect, unless global prices of dirty inputs are affected by changes in
demand at national level.
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Montero (2000) highlights that despite information asymmetries, the regulator can achieve
the first-best outcome.35 If the regulator has two instruments, namely allocations to
affected and opt-in firms, he can optimise both for information rent extraction and control
cost minimization. First-order condition (10) indicates that in equilibrium marginal
benefits equal marginal costs, b(q,aOP) = p{fi,alip), where ¿>(-)= #'(•). In equilibrium, the
allocation to opt-in firms aop must be such that no additional gains from low-cost
emissions reductions are brought about by a minor increase in opt-in allocation.

Proposion 2. If the regulator is unconstrained with distributional concerns, he may achieve
the first-best solution by setting the allocation of поп-affected firms at a level that would
induce full participation of поп-affected firms in the program. Affected firms are given
fewer permits (compared to the allocation under perfect information) in order to
compensate for the excess permits allocated to attract low-cost abatement by non-affected
firms.

This implies that in the absence of distributional concerns and income effects, the first-best
outcome is feasible under asymmetric information. Hence, in order to achieve the socially
optimal emission reduction target, sources within the program incur costs of bringing the
low-cost volunteers in the program. While voluntary emissions reductions are subject to
adverse selection and, thus result in excess allowances, the associated social losses can be
offset by lower allocations to non-affected sources. Under EU ETS, for example, this
would lead to depressed allocations within the EU to attract low-cost voluntary reductions
from, presumably, sources located in Eastern Europe. However, permit allocations to optin firms are often determined independent of the overall program design. In such instances,
the regulator has to take into consideration a predetermined emissions reduction target for
affected sources when setting an opt-in allocation rule. Hence the first-best outcome is not
achieved because permit transfers are limited or because affected sources cannot receive
negative permits (i.e. allocation rule is constrained, such as aA >0).
35 Similarly, Spulder (1988) found that despite information asymmetries, the environmental regulator may
attain the social optimum in the program design.
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6

LESSONS FOR DESIGN AND IMPLEMENTATION

Greenhouse gas emissions are global by nature and remain in the atmosphere for a long
time. In this regard, it is irrelevant where and when mitigation efforts take place.
Economists have long been interested in how to design and implement environmentally
effective and economically efficient emissions trading programs for greenhouse gases.
Stavins (2002) highlights that market-based instruments (like emissions trading programs)
should be designed in such a way that they provide for a variety of compliance options in
terms of timing, technology and participants.
The main objective of emissions trading is to lower abatement costs. Experience with the
U.S. EPA programs shows that emissions trading has enhanced the achievement of
environmental goals through these programs. The creation of clearly defined and freely
tradable commodities has contributed greatly to an enhanced performance of emissions
trading (Ellerman et al. 2003, 36). As the costly and time-consuming pre-approval of trades
is not needed, a system of tradable permits achieves its policy goal at lower total costs than
the corresponding command-and-control approach (Ellerman et al. ibid., 45). Voluntary
mechanisms have been criticised for undermining this advantage because extensive
monitoring and verification characterize them. Clearly, there are several aspects to
consider when combining voluntary mechanisms with emissions trading.

6.1 Economic efficiency
Ensuring economic efficiency means that a policy controlling emissions of greenhouse
gases enables and encourages low-cost reduction opportunities to be seized (OECD 2003a,
11). Using an opt-in emissions trading program may be particularly useful because it gives
participants great flexibility in finding less-costly abatement possibilities outside the
program. Voluntary provisions in an emissions trading program not only lower abatement
costs but also potentially dampen leakages by broadening participation. However, if
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volunteers do not become subject to the cap on emissions, voluntary participation may
aggravate the problem of leakages.
The economic efficiency of voluntary approaches is often somewhat low, because those
approaches rarely include mechanisms that equalise the marginal abatement costs among
participants. This reflects the fact that environmental targets are usually imposed on
individual firms or sectors, rather than at the national or international level (OECD 2003b,
14). Voluntary programs incorporated in an emissions trading program do not entail the
same problem, if volunteers become subject to the cap on emissions. Under an economy
wide emissions trading program, automatically, both affected sources and volunteers have
the same incentive at the margin to abate.
Voluntary participation generates an automatic selection process of the low-cost firms
within the industry, which is clearly beneficial in regard to economic efficiency (OECD
1999b, 122). The mere initiation of emissions trading may provide incentives to close the
dirtiest plants. Under EU ETS, some national allocation plans (e.g. in the UK) allow firms
to retain grandfathered allowances after the closure of the plants and to use them in the
becoming year.36 Emissions trading could then precipitate the closures that are underway,
improving the energy efficiency of the remaining capital. (Reinaud 2004).

6.2 Environmental effectiveness
In comparison to all other policy instruments, a cap-and-trade scheme entails great
environmental effectiveness. In the presence of perfect monitoring and strict enforcement,
it provides complete certainty with respect to the total level of emissions (Johnstone 2004,
120). When a cap-and-trade scheme is combined with voluntary provisions, the inclusion
of volunteers may undermine this advantage by loosening the cap on emissions.

36 A firm incurs always costs of closing down a plant. This cannot be efficient unless owners intended to
close down operations anyway (Reinaud 2004).
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Assessing the environmental effectiveness of a policy requires both a credible business-asusual scenario and an appropriate monitoring, reporting and verification system (OECD
2003a, 10). A voluntary provision should not be rewarded for the achievement of a target if
major improvements in environmental performance have taken place prior to the initiation
of the program. This is linked to information asymmetries in the program design.

As we have discussed throughout this thesis, a major problem in the program design is the
determination of an appropriate baseline for emissions of non-affected sources. If the
process of setting reduction targets occurs simultaneously with the overall program design,
the regulator can achieve the first-best solution by reducing the allocation of affected
sources. In reality, considerations of politics lead to a situation where permit transfers are
limited. Hence affected sources cannot be expected to incur costs of bringing in the
program the low-cost volunteers.
In the Kyoto-context, the problem of defining appropriate baselines is timely. It has been
argued that an allocation of surplus permits to the transition economy countries
compromises the environmental goal of the treaty. Transition economies were namely
allowed to choose an alternative base year to 1990 to compensate for the projected higher
economic growth and the concomitant rise in emissions.37 Currently, however, it seems
that the economic growth in many transition economies has not exhausted the surplus of
permits. For example, in the Russian Federation and Ukraine the projected emissions for
the Kyoto budget period are below the assigned amount of permits due to the breakdown
of domestic economies (Böhringer 2000).

If the cap on emissions exceeds the total unrestricted emissions, the difference is referred
to as hot air (Haïtes and Mullins 2001). Hot air is most of all a problem of defining
appropriate baselines.38 International trade in permits may then lead to an increase in

37 See Barrett (1998).
38 For instance, see Böhringer (2000).
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global emissions when affected countries whose baseline emissions are below their Kyoto
targets sell large amounts of excess permits. On the other hand, industrialized countries
have an incentive to buy quotas related to emissions which would not have otherwise taken
place because of their higher costs of controlling emissions (Barrett 1998, Mortensen
2004). According to Barrett and Stavins (2003) countries that are assigned a surplus of
permits are more likely to participate in a climate change treaty. Likewise, countries
awarded a deficit of permits are discourages from participating. In order to solve the free
rider problem, underlying incentives should be restructured (Barrett and Stavins ibid.).

6.3 Comparison of the Kyoto Protocol and the Title IV with respect to
voluntary participation
A necessary condition for a successful opt-in emissions trading program is the existence of
adequate participation incentives for non-affected sources. It appears that many EPA
voluntary programs have succeeded in terms of participation. This raises a question of
whether lessons learned from these policy experiments can give guidance on the design
and implementation of future climate change regime.

Pollution abatement substitution may occur at the national level (in the case of U.S. sulfur
dioxide trading) and at the international level (in the case of voluntary projects under
UNFCCC and its Kyoto Protocol). Atkeson (1997) argues that in designing mechanisms
for voluntary participation under UNFCCC, lessons learned from the voluntary provisions
of the Acid Rain Program can be of great use. Although Title IV of the Clean Air Act
Amendments occurs on a national scale, there is a clear similarity between entering the
opt-in program (under Title IV) and financing voluntary projects (under UNFCCC).
Besides, both treaties aim at mitigating emissions, use tradable permits, and include
voluntary mechanisms to increase the flexibility in complying.
Experience with the voluntary mechanisms, like the substitution provision of the SO2
trading program, can provide guidance on how to improve performance of the Kyoto
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project-based mechanisms. However, there are several differences between the treaties that
have to be taken into account. The Title IV and the UNFCCC’s Kyoto Protocol address
different environmental problems and, hence, different precursors. The CAAA’s Acid Rain
Program controls acid deposition by capping emissions of sulfur dioxide. The UNFCCC’s
aim is to mitigate climate change by controlling emissions of greenhouse gases.
In the case of sulfur dioxide trading, the affected sources are more homogenous than the
corresponding sources of GHG-emissions. The main sources for sulfur dioxide in the U.S.
are large coal-fired power plants and to a smaller extent oil-fired power plants. In contrast,
several industries emit carbon dioxide. Ellerman et al. (2000, 321) see a conflict between
theory and practise of trading greenhouse gas emissions. They highlight that the Acid Rain
Program was successful because it included powerful penalties for violations and accurate
systems for monitoring emissions (CEMs). In the climate change context, however, an
international treaty is unlikely to deter parties from non-compliance. Furthermore, they
argue that monitoring of CO2 emissions becomes costly since many sources are too small
to make direct measurement of emissions practical.
Experience with the Acid Rain Program shows that response to a voluntary program can be
large when transaction costs are low (Atkeson 1997). However, voluntary projects under
UNFCCC are constrained by the presence of large administration costs because they have
to be negotiated individually. It also appears that the verification of reductions is
significantly costly.
COM projects incur quite large transaction costs prior to the registration. Consequently,
initiated projects must be relatively large in order to be economically viable. According to
analytical studies, a minimum size of an economically viable project is 50 000 tCC>2
equivalent per year. However, actual data suggests that the minimum size may be as large
as 100 000 tCÛ2 equivalent per year. (Haïtes 2004).
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6.4

Concerns for adverse selection and leakages under the CDM

Project-based mechanisms, such as the Clean Development Mechanism, pose serious
challenges for policy design. First, participation is voluntary and will not be induced
without sufficient allocation of emission reduction credits. Second, voluntary projects
potentially encompass advantages beyond the value of the emission reduction credits. In
effect, the investments related to emissions reductions might have been undertaken even in
the absence of the CDM. Third, determining of an allocation necessitates credible baselines
in order to estimate whether the emissions reductions achieved by the project are additional
to what would have occurred under business-as-usual. Hence the design of project-based
mechanisms is constrained with asymmetric information since the regulating authorities
are likely to have less information on the characteristics of a project than the project
participants. (Fischer 2005).
The Clean Development Mechanism offers the affected sources under the Kyoto Protocol
the opportunity to curb emissions of greenhouse gases through international projects in
host countries where the marginal cost of abatement is low. Using voluntary projects is
expected to reduce significantly the costs of meeting the Kyoto targets. Although the CDM
brings about benefits in terms of lower compliance costs (also potential sustainable
development and technology diffusion benefits discussed in chapter 2.5.), maintaining the
tightness of the emissions cap becomes problematic. The disadvantages from inappropriate
baselines range from underallocations (rejecting potential projects and achieving less
reductions) to overallocations (loosening the cap) (Fischer 2005).

6.4.1 Defining additionality under the CDM
In December 2004, the tenth Conference of the Parties (COP-10) reaffirmed the
importance of “the additionality requirement” for the CDM activities. In addition, project
parties were encouraged to introduce new methodologies regarding baselines (UNFCCC
2004). The additionality rule means that created permits are intended to reflect additional
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emissions reductions, not reductions that would have occurred regardless of whether a
voluntary project was undertaken. Obviously, environmental effectiveness of the COM
depends on whether the generated credits reflect real emissions reductions (OECD/IEA
2000, 26).
By definition, baselines model a situation that will not occur, which makes the assessment
of environmental effectiveness difficult. Heller and Shukla (2003) present two
impediments for defining additionality. Firstly, policy decisions on sectoral organisation
and environmental quality are not settled to determine what constitutes business-as-usual.
As baselines for energy development reflect those policy decisions, the additionality
requirement is unlikely to work well with investment of substantial size. Secondly, the
additionality rule is contradictory to the realities of business world in a sense that the value
of certified emissions reductions is unlikely to offset the commercial, legal, political, and
social risks associated with large infrastructure investments. However, Fischer (2004)
points out that sustainable development benefits can affect public priorities for projects and
potentially outweigh costs from inappropriate baselines.
Maximising environmental effectiveness of the CDM is also to minimise the effects of free
riding and leakages (OECD/IEA 2000, 38). If the additionality rule were sufficiently
stringent, the free-rider problem would be overcome. This would, however, restrict the
number of projects initiated, and consequently lead to fewer emissions reductions. While
voluntary participation may dampen leakages by increasing participation, voluntary
projects under the CDM have a downside because the project hosts are not bound with
emission reduction targets. When pollution abatement substitution takes place in an
uncapped area, it becomes difficult to assess whether the emissions reductions are really
additional. Voluntary projects may then lead to a shift in energy intensive production to
non-affected sources that have decided not to volunteer under the CDM.

The Kyoto protocol allows a CDM host to finance the project on its own and to sell
generated credits in the permit markets (i.e. contractual model). As host countries are not
subject to the cap on emissions, a project host is encouraged to maximise credit sales. By
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the same reasoning, if assigned amounts are determined according to historical emissions,
a project host has an incentive to increase emissions in order to qualify for a higher
assigned amount. Providing an incentive for developing countries to take on binding
emissions reduction targets voluntarily would be the only pre-emptive solution to the
problem of baselines. (Tietenberg and Family 2003).

If key developing countries do not participate in the coalition of mitigating countries, then
comparative advantage in the production of carbon-intensive goods and services will shift
outside the coalition. This would make developing country economies more carbon
intensive than they would be had the mitigation efforts by industrialized countries not
taken place. As a result, the costs of participation in the coalition in the future would be
increased. (Stavins 2004).
It is important to note that practical experience in the use of the CDM is limited. Because
certified emissions reductions (CER) created by CDM projects interact with other Kyoto
units in international permit markets, the whole potential of the CDM will not be known
without understanding of the international market for Kyoto units. With the introduction of
the EU ETS, the demand for CERs is likely to increase, as participants are allowed to use
permits converted from CERs towards compliance.39 (Haïtes 2004).

39 On the other hand, the withdrawal of the U.S. from the Kyoto has decreased the likely demand for CERs.
See Ellis et al. (2004).
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7 CONCLUSIONS
This thesis examines economic and environmental impacts of opt-in emissions trading. The
main objective of this thesis was to demonstrate instrument design problems of voluntary
mechanisms in a cap-and-trade scheme. The aim was to provide an analysis of two
phenomenon, adverse selection and carbon leakage, and examine their implications for the
voluntary instrument design. Moreover, the aim was to shed light on the opportunities that
voluntary participation may encompass in the climate change context, particularly
regarding cost-effectiveness and the degree of participation. This aspect is valuable for the
ongoing debate over post-Kyoto climate change regime.

Voluntary mechanisms are increasingly used in combination with emissions trading
because they increase the diversity of abatement possibilities in a trading program. Using
voluntary mechanisms, such as pollution abatement substitution, may bring about
substantial cost savings because non-affected sources are allowed to take advantage of the
low-cost abatement possibilities outside the regulation. In demonstrating these potential
cost savings, we concentrated on a major domestic trading program, the United States Acid
Rain Program. Experience with the Acid Rain Program provides some support for the
careful use of voluntary instruments as part of permit trading although the usage is
constrained by the adverse-selection problem.

The model presented in chapters four and five was intended to outline the design of an optin emissions trading program. In chapter four, we demonstrated how information
asymmetries regarding volunteers might lead to a situation where the cap on emissions is
loosened due to the excess allowances allocated to non-affected firms. As argued in
chapter five, the environmental regulator may attain the first-best emission reduction target
despite information asymmetries if he can transfer permits freely from affected sources to
non-affected sources. In the real world, however, affected sources cannot be expected to
incur costs through giving up their own allocations and increasing their own mitigation
efforts. However, the model provides valuable insights on whether ensuring environmental
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effectiveness and encouraging participation are contradictory goals. In the design of any
less-than comprehensive emissions trading program, imperfectly informed regulators face
the same trade-off between control cost minimisation and information rent extraction
(Montero 2000).

Because climate change is a global issue, it is important to discuss international dimensions
in the design of domestic emissions trading programs (Ellerman et al. 2003, 6). Here, we
have focused on the COM, which is currently a key instrument for engaging developing
countries in global mitigation efforts. Adopting binding targets is not a timely topic for
developing countries, although their economies are highly vulnerable to the effects of
climate change. Arguments for developing country participation include program
expansion and possibilities for technology change. Arguments against are equity
considerations and UNFCCC’s interpretation, which implies that industrialized countries
should take the lead in global climate action. However, voluntary emissions reduction
projects in less-developed economies can prepare the way for the development of an
equitable scheme for global emissions trading (Ellerman et al. 2003, 43).

For international action against climate change, there are several issues that remain to be
worked out. The Kyoto Protocol has been criticised for insufficient and inefficient
participation (Barrett and Stavins 2003). Indeed, the impact of the Kyoto on world
emissions is likely to be very modest and positive impacts are further undermined by
leakages that reinforce incentives for free riding for non-parties (Bumiaux and OliveiraMartins 2000). Therefore, possibilities for broadening participation through voluntary
mechanisms need to be considered.

Generally, the more widespread the environmental program the less leakage and the lower
the costs of compliance. Wider program coverage also lowers the costs of setting credible
baselines (Ellerman et al. 2003, 43). While voluntary mechanisms contribute to cost
savings by expanding participation, they do not alleviate concerns for leakages unless
volunteers become subject to carbon constraints. This is a relevant argument regarding
instruments for pollution abatement substitution (e.g. the COM) where volunteers act as
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Substitution partners outside the cap on emissions. For CDM to be successful, savings from
low-cost emissions reductions need to outweigh, not only higher costs of administration,
but also environmental losses from extending the cap on emissions due to excess permits.
In fact, Ellis et al. (2004) note that the ongoing projects that account for a major proportion
of the whole CDM portfolio are unlikely those that entail the largest potential for emissions
reductions or generate the least-cost emissions reductions.
CDM activities potentially entail other benefits than emissions reductions. Marrakech
Accords states that the CDM activities are intended to lead to technology transfer.40
However, most CDM-related investment will take place in countries that already attract
large flows of foreign direct investment (Ellis et al. ibid.). Stavins (2002) also points out
that little is known empirically about the impact of market-based instruments on
technological change.
In the design of any mechanisms for pollution abatement substitution, the establishment of
a monitoring and verification system plays an important role. It is important to note that a
full discussion of design and implementation issues related to an opt-in emissions trading
program is out of the scope of this thesis. 41 This thesis has examined how to encourage
participation in an emissions trading program. We overlook design issues such as methods
for the allocation of quotas (e.g. grandfathering) and temporal flexibility (banking and
borrowing). Implementation issues that are not covered in this thesis include monitoring
and reporting of emissions, enforcing the trading program and determining compliance.

According to Kyoto’s Article 3.2 a review is required by 2005 on the progress achieved by
industrialized and transition economy countries towards their Kyoto targets. In particular,
Article 9 suggests that the Protocol should be reviewed "in the light of the best available
scientific information and assessment on climate change and its impacts, as well as

40 We refer to technology transfer as defined IPCC(2000a).
41 Citing Harrison (1999) Ellerman et al. (2003, 5) present a broad list of the design and implementation
issues in the context of emissions trading.
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relevant technical, social and economic information" by a becoming conference of the
Parties. Irrespective of whether future climate policies build on the Kyoto Protocol or
depart from the Kyoto Protocol, uncertainties about future carbon constraints should soon
be overcome.
The U.S. Acid Rain Program offered long-term visibility regarding future commitments,
which would now be welcomed by the carbon-constrained industries in Europe. This might
help to stimulate climate-friendly investments. At present, for instance, post-2012
emissions reductions have no market value, which constrains the market potential for the
CDM (Haïtes 2004). A plausible argument against pursuing CDM activities is also the
presence of uncertainty as to whether a proposed project will ultimately be approved and
generates credits (Ellis et al. 2004). Overall, more research is needed to on the long-term
opportunities of both voluntary mechanisms and emissions trading.
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9 GLOSSARY OF TERMS42
Determination of whether the emissions reductions from a
project would have occurred in the absence of regulation.
A unit that must use allowances to cover its emissions.
Affected source
An authorization to emit a unit (usually a ton) of emissions.
Allowance
Industrialized countries listed in the original Framework
Annex I countries
Convention. See UNFCCC.
Cap-and-Trade Program A market-based policy tool where a fixed number of permits is
either given or auctioned to sources. The total effluent is capped
by the number of permits made available.
Carbon leakage (or leakage) refers to the indirect impacts of
Carbon leakage
mandatory emissions reduction targets. Specifically, the
displacement of emissions from an affected source to a nonaffected source.
Clean Development Mechanism (the CDM) allows Annex I
CDM
investors to engage in emission reduction projects in the nonAnnex I countries.
Verified emissions reductions from CDM projects are called
CER
Certified Emission Reductions (CER).
Conference of the Parties under UNFCCC.
COP
Counterfactual emissions Emissions that would have taken place in the absence of
regulation. Business-as-usual emissions.
Earned from voluntary projects that reduce emissions.
Credit
Generally, a reduction of one metric tonne of carbon dioxide
equivalent.
Domestic Emissions Trading Scheme
DET
U.S. Environmental Protection Agency
EPA
Verified emissions reductions from JI projects are called
ERU
emission reduction units.
EU Emissions Trading Scheme
EU ETS
Intergovernmental Panel on Climate Change
IPCC
Joint Implementation (JI) allows Annex I countries to undertake
JI
emission reduction projects in other Annex I countries.
Protocol under UNFCCC that strengthened industrialised
Kyoto Protocol
Parties climate change commitments. Agreed in Kyoto
December 1997.
An entity that releases emissions.
Source
United Nations Framework Convention on Climate Change,
UNFCCC
agreed in Rio June 1992.
Emissions that would have taken place in the absence of
Unrestricted emissions
regulation. Business-as-usual emissions.

Additionality

This terminology builds partly on the definitions provided for in Ellerman et al. (2003).
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