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The purpose of this chapter is to examine the major types of
policies and measures that can be used to mitigate net concen-
trations of greenhouse gases (GHGs) in the atmosphere.1

Alternative policy instruments are described and assessed in
terms of specific criteria, on the basis of the most recent litera-
ture. Naturally, emphasis is on the instruments mentioned in
the Kyoto Protocol (the Kyoto mechanisms), because they
focus on achieving GHG emissions limits, and the extent of
their envisaged international application is unprecedented. In
addition to economic dimensions, political, economic, legal,
and institutional elements are considered insofar as they are
relevant to the discussion of policies and measures.

Any individual country can choose from a large set of possible
policies, measures, and instruments to limit domestic GHG
emissions. These can be categorized into market-based instru-
ments (which include taxes on emissions, carbon, and/or energy,
tradable permits, subsidies, and deposit–refund systems), regu-
latory instruments (which include non-tradable permits, tech-
nology and performance standards, product bans, and direct
government spending, including research and development
investment) and voluntary agreements (VAs) of which some fall
in the category of market-based instruments. Likewise, a group
of countries that wants to limit its collective GHG emissions
could agree to implement one, or a mix, of instruments. These
are (in arbitrary order) tradable quotas, Joint Implementation
(JI), the Clean Development Mechanism (CDM), harmonized
taxes on emissions, carbon, and/or energy, an international tax
on emissions, carbon, and/or energy, non-tradable quotas, inter-
national technology and product standards, VAs, and direct
international transfers of financial resources and technology.

Possible criteria for the assessment of policy instruments
include environmental effectiveness, cost effectiveness, distri-
bution considerations, administrative and political feasibility,
government revenues, wider economic effects, wider environ-
mental effects, and effects on changes in attitudes, awareness,
learning, innovation, technical progress, and dissemination of
technology. Each government may apply different weights to
various criteria when evaluating policy options for GHG miti-
gation, depending on national and sector-level circumstances.
Moreover, a government may apply different sets of weights to
the criteria when evaluating national (domestic) versus inter-
national policy instruments.

The economics literature on the choice of policies adopted
emphasizes the importance of interest-group pressures, focus-
ing on the demand for regulation. However, it has tended to
neglect the “supply side” of the political equation, which is
emphasized in the political science literature of the legislators
and government and party officials who design and implement
regulatory policy, and who ultimately decide which instru-
ments or mix of instruments will be used. The point of compli-
ance of alternative policy instruments, whether they are
applied to fossil fuel users or manufacturers, for example, is
likely to be politically crucial to the choice of policy instru-
ment. And a key insight is that some forms of regulation actu-
ally benefit the regulated industry, for example, by limiting
entry into the industry or by imposing higher costs on new
entrants. A policy that imposes costs on industry as a whole
might still be supported by firms who, as a consequence, would
fare better than their competitors. Regulated firms, of course,
are not the only group with a stake in regulation: opposing
interest groups will fight for their own interests.

To develop reasonable assessments of the feasibility of
implementing GHG mitigation policies in countries in the
process of structural reform, it is important to understand this
new policy context. Recent measures taken to liberalize ener-
gy markets were inspired mainly by desires to increase com-
petition in energy and power markets, but they can have sig-
nificant emissions implications also, through their impact on
the production and technology pattern of energy and/or
power supply. In the long run, the consumption pattern
change might be more important than the sole implementa-
tion of climate change mitigation measures (e.g. see Chapter
2, the B1 scenario).

Market-based instruments–principally domestic taxes and
domestic tradable permit systems–are attractive to govern-
ments in many cases because they are efficient; they are fre-
quently introduced in concert with conventional regulatory
measures. When implementing a domestic emissions tax, poli-
cymakers must consider the collection point, the tax base, the
variation or uniformity among sectors, the association with
trade, employment, revenue, and the exact form of the mecha-
nism. Each of these can influence the appropriate design of a
domestic emissions tax, and political or other concerns are
likely to play a role also. For example, a tax levied on the ener-
gy content of fuels could be much more costly than a carbon
tax for the equivalent emissions reduction, because an energy
tax raises the price of all forms of energy, regardless of their
contribution to carbon dioxide emissions. Yet, many nations
may choose to use energy taxes for reasons other than cost-
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1 In keeping within the defined scope of Working Group III, policies
and measures that can be used to reduce the costs of adaptation to cli-
mate change are not examined.



effectiveness, and much of the analysis in this chapter applies
to energy taxes as well as to carbon taxes.

A country committed to a limit on its GHG emissions can also
meet this limit by implementing a tradable permit system that
directly or indirectly limits emissions of domestic sources.
Like taxes, permit systems pose a number of design issues,
including type of permit, sources included, point of compli-
ance, and use of banking. To cover all sources with a single
domestic permit regime is unlikely. The certainty provided by
a tradable permit system that a given emission level for partic-
ipating sources is achieved incurs the cost of uncertain permit
prices (and hence compliance costs). To address this concern,
a hybrid policy that caps compliance costs could be adopted,
but the level of emissions would no longer be guaranteed.

For a variety of reasons, in most countries the management of
GHG emissions will not be addressed with a single policy instru-
ment, but with a portfolio of instruments. In addition to one or
more market-based policies, a portfolio might include standards
and other regulations, VAs, and information programmes:

• Energy-efficiency standards have reduced energy use in
a growing number of countries. Standards may also
help develop the administrative infrastructure needed to
implement market-based policies. The main disadvan-
tage of standards is that they can be inefficient, but effi-
ciency can be improved if the standard focuses on the
desired results and leaves as much flexibility as possi-
ble in the choice of how to achieve the results.

• VAs may take a variety of forms. Proponents of VAs
point to low transaction costs and consensus elements,
while sceptics emphasize the risk of free riding, and the
risk that the private sector will not pursue real emis-
sions reduction in the absence of monitoring and
enforcement.

• Imperfect information is widely recognized as a key
market failure that can have significant effects on
improved energy efficiency, and hence emissions.
Information instruments include environmental
labelling, energy audits, and industrial reporting
requirements, and information campaigns are market-
ing elements in many energy efficiency programmes.

A growing literature demonstrates theoretically, and with
numerical simulation models, that the economics of addressing
GHG reduction targets with domestic policy instruments
depends strongly on the choice of those instruments. The inter-
action of  abatement costs with the existing tax structure and,
more generally, with existing factor prices is important.
Policies that generate revenues can be coupled with policy
measures  that improve the efficiency of the tax structure.

Turning to international policies and measures, the Kyoto
Protocol defines three international policy instruments, the so-
called Kyoto mechanisms: international emissions trading
(IET), JI, and CDM.2 Each of these international policy instru-
ments provides opportunities for Annex I Parties3 to fulfil their

commitments cost-effectively. IET essentially allows Annex I
Parties to exchange part of their assigned amounts (AAs). IET
implies that countries with high marginal abatement costs
(MACs) may acquire emissions reductions from countries
with low MACs. Similarly, JI allows Annex I Parties to
exchange emissions reduction units among themselves on a
project-by-project basis. Under the CDM, Annex I Parties
receive Certified Emissions Reduction (CERs)–on a project-
by-project basis–for reductions accomplished in non-Annex I
countries.

Economic analyses indicate that the Kyoto mechanisms could
reduce significantly the overall cost of meeting the Kyoto
emissions limitation commitments. However, to achieve the
potential cost savings requires the adoption of domestic poli-
cies that allow the use the mechanisms to meet their national
emissions limitation obligations. If domestic policies limit the
use of the Kyoto mechanisms, or international rules that gov-
ern the mechanisms limit their use, the cost savings may be
reduced.

In the case of JI, host governments have incentives to ensure
that emission reduction units are issued only for real emission
reductions, assuming that they face strong penalties for non-
compliance with national emissions limitation commitments.
In the case of CDM, a process for independent certification of
emission reductions is crucial, because host governments do
not have emissions limitation commitments and hence may
have less incentive to ensure that certified emission reductions
are issued for real emission reductions only. The main difficul-
ty in implementing project-based mechanisms, both JI and
CDM, is to determine the net additional emissions reductions
(or sink enhancement) achieved. Various other aspects of these
Kyoto mechanisms await further decision making, including
monitoring and verification procedures, financial additionality
(assurance that CDM projects do not displace traditional devel-
opment-assistance flows) and other additionalities, and possi-
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2 The ability of two or more Annex I Parties to form a “bubble” under
Article 4 of the Kyoto Protocol is sometimes classified as one of the
flexibility mechanisms as well. This mechanism allows a one time
redistribution of the emissions limitation commitments among the par-
ticipants. Since such a redistribution is strictly a political decision this
mechanism is not discussed here.

3 Annex I Parties to the UNFCCC (as amended by decision 4/CP.3)
include all 39 Parties (38 countries plus the European Economic
Community) listed in Annex B of the Protocol that will have quanti-
fied emissions limitation or reduction commitments for the 2008 to
2012 commitment period, plus Turkey and Belarus, which are Parties
to the Convention but not listed in Annex B of the Protocol. To be pre-
cise, one should refer to the commitments of Annex I Parties listed in
Annex B of the Kyoto Protocol. To avoid confusion, the term Annex I
countries is used throughout this chapter to refer to Annex I Parties
listed in Annex B of the Protocol; Turkey and Belarus are understood
to be included within this umbrella term, but not within the group of
countries that will have limitation commitments.



ble means of standardizing methodologies for project base-
lines.

The extent to which developing country (non-Annex I) Parties
effectively implement their commitments under the United
Nations Framework Convention on Climate Change (UNFC-
CC; referred to as the Convention in this chapter) may depend
on the effective implementation by developed country Parties
of their commitments under the Convention related to the
transfer of financial resources and technology. The transfer of
environmentally sound technologies from developed to devel-
oping countries is now seen as a major element of global
strategies to achieve sustainable development and climate sta-
bilization.

Any international or domestic policy instrument can be effective
only if accompanied by adequate systems of monitoring and
enforcement. There is a linkage between compliance enforce-

ment and the amount of international co-operation that will actu-
ally be sustained. Many multilateral environmental agreements
address the need to co-ordinate restrictions on conduct taken in
compliance with the obligations they impose and the expanding
legal regime under the World Trade Organization (WTO) and
General Agreement on Tariff and Trade (GATT) umbrella.
Neither the UNFCCC nor the Kyoto Protocol provides for spe-
cific trade measures in response to non-compliance. But several
domestic policies and measures that might be developed and
implemented in conjunction with the Kyoto Protocol could con-
flict with WTO provisions. International differences in environ-
mental regulation may have trade implications also.

One of the main concerns in environmental agreements (includ-
ing the UNFCCC and the Kyoto Protocol) is with reaching
wider participation. The literature on international environmen-
tal agreements predicts that participation will be incomplete, and
so further incentives may be needed to increase participation.
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6.1 Introduction

6.1.1 Introduction and Key Questions

The main purpose of this chapter is to discuss the various poli-
cies and measures in relation to the different criteria that can be
used to assess them, on the basis of the most recent literature.
There is obviously a relatively heavy focus on the Kyoto instru-
ments, because they focus on climate policy, have been agreed
since the IPCC Second Assessment Report (SAR; IPCC, 1996,
Section 11.5), and the extent of their envisaged international
application is unprecedented. Wherever feasible, political eco-
nomic, legal, and institutional elements are discussed insofar as
they are relevant to the implementation of policies and measures.
To make both theoretical and practical points the chapter offers
occasional examples of policy instrument application, but the
effort in this regard is limited by the existing literature, which is
weighted towards the experience of industrialized countries.4

The chapter does not systematically discuss policies and mea-
sures typically used to encourage sector-specific technologies;
such policies and measures are described in Chapters 3, 4, and
5. The emphasis is on the general description and assessment
of policies and measures.

6.1.2 Types of Policies, Measures, and Instruments

A country can choose from a large set of policies, measures,
and instruments to limit domestic greenhouse gas (GHG) emis-
sions or enhance sequestration by sinks. These include (in arbi-
trary order): (1) taxes on emissions, carbon, and/or energy, (2)
tradable permits5, (3) subsidies6, (4) deposit–refund systems,
(5) voluntary agreements (VAs), (6) non-tradable permits, (7)
technology and performance standards, (8) product bans, and
(9) direct government spending and investment. Definitions of
these instruments are provided in Box 6.1. The first four are
often called market-based instruments, although some VAs
also fall into this category.

A group of countries that want to limit their collective GHG
emissions could agree to implement one, or a mix, of instru-

ments. These are (in arbitrary order):
• tradable quotas;
• Joint Implementation (JI);
• the Clean Development Mechanism (CDM);
• harmonized taxes on emissions, carbon, and/or energy;
• an international tax on emissions, carbon, and/or energy;
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4 While an exhaustive review of in-country experiences with policy
instruments is beyond the scope of this chapter, other recent works
have focused on this issue (Panayotou, 1998; Huber et al., 1999;
Speck, 1999; Stavins, 2000).

5 What makes a tradable permit a market-based instrument is the pos-
sibility of trading the permit, not the initial allocation of the permits
(unless such allocation is through auction). The SAR adopted the con-
vention of using “permits” for domestic trading systems and “quotas”
for international trading systems. This convention is followed
throughout the chapter.

6 Sometimes taxes are combined with subsidies, known as
“fee/rebate”.

Box 6.1. Definitions of Selected National Greenhouse Gas
Abatement Policy Instruments

• An emissions tax is a levy imposed by a government on each
unit of emissions by a source subject to the tax. Since virtual-
ly all of the carbon in fossil fuels ultimately is emitted as CO2,
a levy on the carbon content of fossil fuels–a carbon tax–is
equivalent to an emissions tax for emissions caused by fossil
fuel combustion. An energy tax–a levy on the energy content
of fuels–reduces the demand for energy and so reduces CO2
emissions through fossil fuel use.

• A tradable permit (cap-and-trade) system establishes a limit
on aggregate emissions by specified sources, requires each
source to hold permits equal to its actual emissions, and
allows permits to be traded among sources. This is different
from a credit system, in which credits are created when a
source reduces its emissions below a baseline equal to an esti-
mate of what they would have been in the absence of the
emissions reduction action. A source subject to an emissions-
limitation commitment can use credits to meet its obligation.

• A subsidy is a direct payment from the government to an enti-
ty, or a tax reduction to that entity, for implementing a prac-
tice the government wishes to encourage. GHG emissions can
be reduced by lowering existing subsidies that in effect raise
emissions, such as subsidies to fossil fuel use, or by providing
subsidies for practices that reduce emissions or enhance sinks
(e.g., for insulation of buildings or planting trees).

• A deposit–refund system combines a deposit or fee (tax) on a
commodity with a refund or rebate (subsidy) for implementa-
tion of a specified action.

• A VA is an agreement between a government authority and
one or more private parties, as well as a unilateral commit-
ment that is recognized by the public authority, to achieve
environmental objectives or to improve environmental per-
formance beyond compliance.

• A non-tradable permit system establishes a limit on the GHG
emissions of each regulated source. Each source must keep
its actual emissions below its own limit; trading among
sources is not permitted.

• A technology or performance standard establishes minimum
requirements for products or processes to reduce GHG emis-
sions associated with the manufacture or use of the products
or processes.

• A product ban prohibits the use of a specified product in a
particular application, such as hydrofluorocarbons (HFCs) in
refrigeration systems, that gives rise to GHG emissions.

• Direct government spending and investment involves gov-
ernment expenditures on research and development (R&D)
measures to lower GHG emissions or enhance GHG sinks.



• non-tradable quotas;
• international technology and product standards;
• international VAs; and
• direct international transfers of financial resources and

technology.

Box 6.2 defines some of the instruments most prominently dis-
cussed in the literature. The first five are often called market-
based instruments, although VAs can fall into this category
also.

6.1.3 Policy Developments since the Second Assessment
Report

In December 1997, Parties to the United Nations Framework
Convention on Climate Change8 negotiated the Kyoto Protocol
(UNFCCC, 1997). The Protocol established, for the first time,
legally binding quantified emissions limitation and reduction

commitments that cover the emissions of six GHGs from a
wide range of sources for the period 2008 to 2012 for 38 coun-
tries and the European Economic Community (EEC; Annex I
Parties). These commitments represent a 5.2% reduction from
the 1990 emissions of the Annex I Parties, and a 10% to 20%
reduction from their projected emissions during the 2008 to
2012 period.

Annex I Parties can meet their commitments through measures
to reduce domestic emissions, specified actions to enhance
domestic sinks, and co-operative action with other Parties
under Articles 4, 6, 12, or 17. Article 4 allows a group of Annex
I Parties to agree to reallocate their collective emissions reduc-
tion commitment and to fulfil this commitment jointly. Such an
arrangement is commonly referred to as a “bubble”. The mem-
bers of the EEC are the only countries, to-date, to indicate that
they are likely to establish one “bubble” to meet their commit-
ments.

Article 6 defines JI for Annex I Parties, Article 12 establishes
the CDM for projects in non-Annex I countries, and Article 17
allows emissions trading, a form of tradable quota, among
Annex B Parties (see Box 6.2). The principles, modalities,
rules, and guidelines for these three Kyoto Protocol mecha-
nisms remain to be finalized. The Fourth Session of
Conference of the Parties (CoP4) in Buenos Aires in November
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Box 6.2. Definitions of Selected International Greenhouse Gas Abatement Policy Instruments

• A tradable quota system establishes national emissions limits for each participating country and requires each country to hold quota
equal to its actual emissions. Governments, and possibly legal entities, of participating countries are allowed to trade quotas.
Emissions trading under Article 17 of the Kyoto Protocol is a tradable quota system based on the assigned amounts (AAs) calcu-
lated from the emissions reduction and limitation commitments listed in Annex B of the Protocol.

• JI allows the government of, or entities from, a country with a GHG emissions limit to contribute to the implementation of a pro-
ject to reduce emissions, or enhance sinks, in another country with a national commitment and to receive emission reduction units
(ERUs) equal to part, or all, of the emissions reduction achieved. The ERUs can be used by the investor country or another Annex
I party to help meet its national emissions limitation commitment. Article 6 of the Kyoto Protocol establishes JI among Parties with
emissions reduction and limitation commitments listed in Annex B of the Protocol.

• The CDM allows the government of, or entities from, a country with a GHG emissions limit to contribute to the implementation
of a project to reduce emissions, or possibly enhance sinks, in a country with no national commitment and to receive CERs equal
to part, or all, of the emissions reductions achieved. Article 12 of the Kyoto Protocol establishes the CDM to contribute to sus-
tainable development of the host country and to help Annex I Parties meet their emissions reduction and limitation commitments.

• A harmonized tax on emissions, carbon, and/or energy commits participating countries to impose a tax at a common rate on the
same sources.7 Each country can retain the tax revenue it collects.

• An international tax on emissions, carbon, and/or energy is a tax imposed on specified sources in participating countries by an inter-
national agency. The revenue is distributed or used as specified by participant countries or the international agency.

• Non-tradable quotas impose a limit on the national GHG emissions of each participating country to be attained exclusively through
domestic actions.

• International product and/or technology standards establish minimum requirements for the affected products and/or technologies
in countries in which they are adopted. The standards reduce GHG emissions associated with the manufacture or use of the prod-
ucts and/or application of the technology.

• An international VA is an agreement between two or more governments and one or more entities to limit GHG emissions or to
implement measures that will have this effect.

• Direct international transfers of financial resources and technology involve transfers of financial resources from a national gov-
ernment to the government or legal entity in another country, directly or via an international agency, with the objective of stimu-
lating GHG emissions reduction or sink enhancement actions in the recipient country.

7 A harmonized tax does not necessarily require countries to impose a
tax at the same rate, but to impose different rates across countries
would not be cost-effective.

8 That is, those countries that ratified the Convention, 186 countries as
of September 2000.



1998 adopted a Plan of Action that includes development of
these principles, modalities, rules, and guidelines for adoption
at CoP6 at The Hague in November 2000.9

Annex I Parties have been implementing domestic policies to
address their commitment under Article 4.2 of the Convention
and evaluating possible policies to meet their more stringent
commitments under the Protocol, taking into account the
options afforded by the Kyoto mechanisms. Annex I Parties’
national climate programmes are described in their National
Communications, which are compiled by the UNFCCC
Secretariat and subjected to external expert review under the
Convention (UNFCCC, 1999, addenda 1-2).

Structural adjustment and energy sector reforms have been
pursued in many countries. Although these are not GHG poli-
cies, they often have significant implications for GHG emis-
sions, increasing or reducing emissions depending upon the
circumstances (see Section 6.2).

6.1.4 Criteria for Policy Choice

Governments implement policies and measures to achieve par-
ticular objectives that they believe will not be achieved in the
absence of government intervention, possibly because exter-
nalities or public goods are involved. Policies and measures
can be generic, such as a general carbon tax or emissions trad-
ing, or sector-specific, such as a regulation applied to the con-
struction sector, or a subsidy for green farming practices. The
objective of this chapter is to assess different types of policies
and measures, not to provide a complete list of these, so sector-
specific policies and measures are discussed only in general
terms.

Chapter 5 draws a distinction among five types of policy tar-
gets, each of which refers to a different interpretation (defini-
tion) of the concept of “barriers” to technological change: mar-
ket potential, economic potential, socioeconomic potential,
technological potential, and physical potential. Policies and
measures can differ in the type of potential they aim to reach,
but it is difficult to link specific policy instruments and specif-
ic potentials, because the potential achieved through virtually
any policy instrument depends upon the “degree” to which that
instrument is employed. For example, an emissions tax can be
set at various levels; depending upon the level at which the
emissions tax is set, it could have the effect (if perfectly imple-
mented) of achieving any of the types of “potential” defined in
Chapter 5.10 For this, among other reasons, the prime focus in

this section is on the possible criteria for policy instrument
choice and evaluation.

Evaluation criteria are required both for the ex-ante choice of
instruments and for the ex-post assessment of implementation
and performance. Each government may apply different
weights to the criteria when it evaluates GHG mitigation poli-
cy options.11 Moreover, a government may apply different
weights to the criteria when it evaluates national and interna-
tional policy instruments, and the appropriateness of the crite-
ria may vary depending on the degree of uncertainty about the
pollution abatement cost and pollution damage functions. This
general remark should be kept in mind when the various
domestic and international policies, instruments, and measures
discussed in this chapter are evaluated against the background
of these criteria.

The criteria identified in SAR for the evaluation of policy
options (Fischer et al., 1998) are:

• Environmental effectiveness. How well does the policy
achieve the environmental goal, such as a GHG emis-
sions reduction target? How reliable is the instrument
in achieving that target, does the instrument’s effective-
ness erode over time, and does the instrument create
continual incentives to improve products or processes
in ways that reduce emissions?

• Cost-effectiveness. Whether the policy achieves the
environmental goal at the lowest cost, taking transac-
tion, information, and enforcement costs into account.

• Distributional considerations. How the costs of achiev-
ing the environmental goal are distributed across
groups within society, including future generations.

• Administrative and political feasibility. This includes
considerations such as flexibility in the face of new
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9 The Plan of Action also includes work on the development and trans-
fer of technologies, the financial mechanism, implementation of
Articles 4.8 and 4.9 of UNFCCC, and preparations for the first session
of the CoP serving as the meeting of the Parties to the Kyoto Protocol.
This involves, inter alia, decisions on rules that govern sink enhance-
ment activities under Articles 3.3 and 3.4 of the Kyoto Protocol.

10 However, some concepts of “barriers” seem to imply combinations
of instruments and levels or degrees of implementation. For example,
if the problem is viewed as one of externalities, it is natural to use a
tax on the relevant externality, with the tax set equal to the marginal
social damages at the efficient level of control. On the other hand,
although categories of “potential” refer to targets (ends), categories of
policy instruments refer to the means of achieving those ends.

11 The choice of weights is strongly influenced by many national and
sector-level circumstances. These include government jurisdictional
structure (e.g., sharing of government powers at various levels); geo-
graphical and climate profile (e.g., area size, regional weather pat-
terns, heating degree days and temperature distribution, annual tem-
perature variations, climate variability, latitude); economic setting
(e.g., gross domestic product (GDP), GDP/capita, and GDP by sec-
tor); international trade patterns, such as percentage of energy-inten-
sive exports; energy and natural resource base; demographics (e.g.,
population total and distribution, growth rate); land use and/or spatial
patterns (e.g., distances driven/capita); industry and agriculture struc-
ture; building stock, and urban structure (e.g., home sizes); and envi-
ronmental and/or health patterns (e.g., potential for highly variable
climate change mitigation impacts across different national regions
and urban areas).



knowledge, understandability to the general public,
impacts on the competitiveness of different industries,
and other government objectives (such as meeting fis-
cal targets and reducing emissions of pollutants).

The literature (e.g., OECD, 1997d) identifies some additional
criteria, such as:

• Revenues raised in the case of market mechanisms, for
instance, may constitute a second source of benefits
from their use, over and above their direct environmen-
tal impact, depending on if and how the revenues are
recycled.

• Wider economic effects include potential effects on
variables such as inflation, competitiveness, employ-
ment, trade, and growth.

• Wider environmental effects, such as local air-quality
improvement (usually referred to as the ancillary bene-
fits).

• “Soft” effects, which relate to the impact of environ-
mental policy instruments on changes in attitudes and
awareness.

• Dynamic effects, which relate to the impact on learn-
ing, innovation, technical progress, and dissemination
and transfer of technology.

The above lists of criteria guide the discussion of national and
international policies and measures related to GHG abatement.
However, the economics literature–particular theory develop-
ment–focuses more on the cost-effectiveness criterion than on
the other criteria mentioned, and there is a similar emphasis in
this chapter, which is a review of the best available scientific
literature. Wherever possible, literature on the potential equity
impact of policies and measures is referred to. In addition, spe-
cific attention is paid to the political economy literature that
describes policy choice (Section 6.1.5), the interactions of pol-
icy instruments with fiscal systems (Section 6.5.2), and the
impacts on technological change (Section 6.5.3).

6.1.5 The Political Economy of National Instrument
Choice

Some of the key lessons from the scholarly literature on polit-
ical economy can be applied to instrument choice in climate
policy at the national level. Since much of that scholarship
focuses on policymaking in a limited set of developed nations,
in particular in the USA, great care must be taken before apply-
ing any of these lessons to domestic politics generally.

6.1.5.1 Key Lessons from the Political Economy Literature

A useful starting-point is to view the policy process (at least in
countries with strong legislatures) as analogous to a “political
market” (Keohane et al., 1999). The demand side of such a
“market” consists of the interest groups with a stake in the pol-
icy; in the environmental arena, such groups include regulated
industries, producers of complementary products, environmen-

tal organizations, and (to a lesser extent) labour and consumer
organizations. The supply side consists of the legislators and
the administration involved in the design and implementation
of the environmental policies and measures.

One key insight of this literature is that some forms of regula-
tion can actually benefit the regulated industry, for example, by
limiting entry into the industry or imposing higher costs on
new entrants (Rasmusen and Zupan, 1991; Stigler, 1971). In
the environmental arena, conventional regulation may provide
firms with rents that result from reductions in output and raised
prices as a consequence of regulation (Buchanan and Tullock,
1975; Maloney and McCormick, 1982). Stricter standards for
new pollution sources benefit existing firms by raising barriers
to entry (Nelson et al., 1993). Polluters’ self-interest may also
help explain the prevalence of tradable permits that have been
allocated free (“grandfathered”) when market-based instru-
ments have been used. Permits allocated free to existing firms
represent a transfer of rents from government to industry while
auctioned permits and emissions taxes generally impose a
heavier burden on polluters. Finally, VAs may be the preferred
policy approach from industry’s perspective, because these
leave more of the initiative with the private sector (at least so
it is perceived), which may enhance industry’s chances of cap-
turing rents.

Of course, it is important to recognize that industry may not act
monolithically, since policies may have differential distribu-
tional impacts within a sector. A policy that imposes costs on
industry as a whole might still be supported by firms that
would fare better than their competitors. For example, firms
that can achieve emissions reductions more cheaply may be
more supportive of market-based schemes, such as tradable
permits, than their higher-cost competitors (Kerr and Maré,
1997). In the realm of global environmental policy, the ban on
ozone-depleting chlorofluorocarbons (CFCs) under the
Montreal Protocol was, for instance, supported by those who
expected to dominate the market for HFCs, then the leading
substitute chemicals (Oye and Maxwell, 1995).

Regulated firms are not the only group with a stake in regula-
tion; opposing interest groups will defend their own interests.
Environmental groups, for example, tend to favour stringent
targets, although many have opposed market-based instruments
out of a philosophical concern that such policies give firms
“licenses to pollute” or because of objections to attempts to
quantify or monetize the environmental damages from pollu-
tion (Kelman, 1981; Hahn, 1989; Sandel, 1997). Some groups
draw an ethical distinction between taxes and tradable permit
systems, in which taxes are morally deficient because they put
a price on emissions but set no upper limit on allowable pollu-
tion, while permits ensure a set level of emissions (Goodin,
1994). Other environmental groups support market-based poli-
cies in the hope that the resultant cost savings will make a high-
er level of environmental quality politically attainable, and pos-
sibly in part because of their own self-interest in distinguishing
themselves from other environmental organizations (Svendsen,
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1999). The US Clean Air Act defines permits as “limited autho-
rizations to emit”, to avoid limiting the ability to set lower
emissions limits, which may also be a response to concerns of
the environmental lobby that air should not become private
property (Tietenberg, 1998). This indicates that the design of
market-based instruments may be flexible enough to accommo-
date ethical concerns without undermining effectiveness.

While the political economy literature emphasizes the impor-
tance of preferences of interest groups, it has tended to neglect
the “supply side” of the political equation: the legislators and
government officials who ultimately design and implement
regulatory policy. Government actors may have their own
interests and preferences with respect to policy instruments:

• ideology or past experience may favour one instrument
over another (Kneese and Schulze, 1975; Hahn and
Stavins, 1991);

• legislators may prefer policies with (large but) hidden
costs to those with (small but) visible ones (McCubbins
and Sullivan, 1984; Hahn, 1987); and

• legislators responsible to local districts may emphasize
distributional concerns over efficiency (Shepsle and
Weingast, 1984).

Finally, the environmental administration may prefer direct
regulation over market-based instruments, not only insofar as
they are more familiar with it, but also because it gives them
more control, and usually requires a relatively large adminis-
trative capacity.

These political factors, however, vary widely among coun-
tries. Whether or not a legislature exists, and if so whether in
a parliamentary or presidential system, affects the support for
particular policy instruments. Whether legislators are elected
by district or by party list may affect the political support for
different policy instruments as well. Factors such as the extent
of interest-group organization and how groups interact with
government are also critical–interest groups lobby legislators
in some countries, sit on quasi-governmental decision-making
bodies in others, are relegated to raising public awareness
elsewhere, and in some countries are non-existent. Less tangi-
ble cultural and historical factors can also be critical in influ-
encing the choice of instrument. For example, a country’s
experience with free markets generally may influence whether
or not it chooses to use market-based policy instruments for
environmental protection (Keohane, 1998). Finally, there are
clear political economy limitations of individually applied
price, non-price, and regulatory policies that often lead to the
linked or combined policy strategy that is observed in prac-
tice.

6.1.5.2 Implications for Global Climate Change Policy

Since the political factors on the “supply side” are so hetero-
geneous across nations, the focus here is on the demand for
regulations, building on the literature reviewed above to draw
conclusions about the likely preferences and positions of key

interest groups involved in climate change policy. Five groups
seem particularly important: environmental organizations
(especially in the USA and Europe), producers of carbon-based
fuels (e.g., coal and oil producers), large users of fuel (e.g.,
electric utilities), manufacturers of energy-using products (e.g.,
automobile manufacturers), and manufacturers of energy-effi-
cient and GHG-abatement technologies (e.g., manufacturers of
efficient lighting). Environmental organizations in the USA
and Europe seem to be divided–some groups have embraced
market-based policies such as emissions permits and carbon
taxes, while others object to such policies being applied with-
out restrictions. Some also object to the option of so-called
exchanges of “hot air” (national quota surpluses not created by
active policies).

The range of industry sectors with large stakes in global cli-
mate policy suggests an important point: the various regulato-
ry instruments that might be employed in climate change poli-
cy would each act at different levels of regulation, creating dif-
ferent points of compliance with very different implications for
interest groups. Examples are:

• a system of tradable carbon permits (or a carbon tax, for
that matter) imposed at the mine mouth, wellhead, or
point-of-entry directly affects fuel producers (although
the true economic incidence of the policy would be
shared by downstream firms and consumers according
to relative elasticities);

• a CO2 tax, tradable emissions permit system, or emis-
sions standard directly affects power plants; and

• energy-efficiency or fuel-efficiency standards directly
affect manufacturers.

Industry groups–in particular, large producers and users of
fuel–are also likely to focus their efforts on the allocation of
carbon-reduction responsibilities, whatever the instrument. If a
system of emissions standards is put into place, for example,
existing firms will benefit if tighter standards are imposed on
new sources, as has happened in a number of countries. Under
an emissions tax, firms are likely to seek tax credits, differen-
tial tax rates, or exemptions to relieve their tax burden. In a sys-
tem of tradable permits, firms are likely to support the free
allocation of permits to participants, rather than to sell them at
auction or distribute them to the public (for subsequent sale to
firms). For project-based mechanisms–CDM and JI–they
would favour leaving much of the initiative with the private
sector (Jepma and Van der Gaast, 1999). Industries that stand
to profit from GHG abatement, including renewable energy
sources, are likely supporters of climate policies (Michaelowa
and Dutschke, 1999a, 1999b).

From a political standpoint, the success of such efforts at the
distribution of the burdens (or rents) is likely to depend on the
political saliency of climate change policy. Taxpayers and
organized “public-interest groups” are likely to oppose alloca-
tion schemes that benefit firms and/or benefit existing firms at
the cost of the newcomers, thus reducing the scope for compe-
tition. If such groups wield clout, and if public interest in cli-
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mate policy is high, then mechanisms that appear to benefit
polluters at the expense of the public are less likely to be imple-
mented.

In contrast, some environmental organizations have not
opposed the allocation of rents to industry, recognizing that
free allocation of permits may be the most likely path to imple-
menting emissions reduction in some countries. Such conces-
sions on allocation of rents to the industry have allowed these
groups to secure other goals in return, such as continuous emis-
sions monitoring–the US Acid Rain Program is a good exam-
ple (Kete, 1992; Svendsen, 1999). In summary, allocation
schemes favourable to industry appear likely in practice,
because the question of distribution is central to industry,
including industries that will profit from climate policy, but it
is only of secondary importance to environmental groups that
do not support free allocation and to other groups that seek to
reduce GHG emissions. In the US Acid Rain Program, for
example, sulphur dioxide (SO2) emissions allowances worth
about US$5 billion per year were allocated free to electric util-
ities, in part because of interest group politics (Joskow and
Schmalensee, 1988).

Although the “supply side” is heterogeneous across nations, it
is likely that some governments will favour policies that raise
revenue while others will be more concerned with the distrib-
ution of costs across sources, regardless of the revenue impli-
cations.

6.2 National Policies, Measures, and Instruments

Before policies and measures that aim to reduce, or remove
barriers that hamper, GHG emissions or enhance sequestration
by sinks are analyzed, it is necessary to understand the sub-
stantial impact that other policies (such as the structural
reforms of trade liberalization and liberalization of energy mar-
kets) have had on GHG emissions in several developing coun-
tries, economies in transition (EITs), and some developed
countries. These policies, sometimes coupled with macroeco-
nomic, market-oriented reforms, set the framework in which
more specific climate policies would be implemented.
Therefore, to assess correctly the feasibility of any particular
policy, it is important to understand this new policy context.
The effect of these reforms on energy use and GHG emissions
is not clear a priori. Impacts can differ widely among coun-
tries, depending on implementation strategies and the existence
of other regulatory policies designed to prevent the undesired
effects of free market operation in the presence of externalities,
information, and co-ordination problems.

6.2.1 Non-Climate Policies with Impacts on Greenhouse
Gas Emissions

6.2.1.1 Structural Reform Policies

During the 1990s, several countries, especially EITs and devel-
oping countries, implemented drastic market-oriented reforms
that have had important effects on energy use and energy effi-
ciency, and therefore on GHG emissions.12 Most countries
have undergone what has been called the first generation of
structural reforms: trade liberalization, financial deregulation,
tax reform, privatization of state-owned enterprises, and open-
ing the capital account as part of a strategy to attract foreign
investment. Some countries have also implemented macroeco-
nomic stabilization packages that include fiscal discipline,
independence of monetary policy from the public sector, and
exchange rate unification.

The two largest countries in terms of population and coal
reserves, China and India, have also started to reform their eco-
nomic systems towards a more free-market orientation,
although at a slower pace than many other countries. Since
1978, energy use in China has increased, on average, 4%/yr.
However, the energy–output ratio in China fell 55% between
1978 and 1995.13 Garbaccio et al. (1999), using input–output
tables, found that most of this reduction arose from technical
change, a result supported by other studies (Polenske and Lin,
1993; Sinton and Levine, 1994). An increase in energy-inten-
sive imports has also led to decreased energy use per unit of
GDP. Others have attributed the reduction to sectoral shifts in
the composition of output (Smil, 1990; Kambara, 1992). As
reform-induced changes aimed at increasing GDP may
increase the use of energy, the net effect on GHG emissions of
structural reform in China is an empirical problem that depends
on the choice of development strategies, technologies, and
complementary policies.

Future economic growth in all countries may be accompanied
by increases in GHG emissions. Even if economic growth
increases energy efficiency (both in terms of production and
consumption), the scale effect may dominate and GHG emis-
sions may rise, depending on the extent to which other policies
and measures are implemented to curb emissions (Fisher-
Vanden, 1999).
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12 For a description of the main reforms implemented in Latin
America see Lora (1997) and for EITs see Chandler (2000).

13 Energy-output ratios discussed here require a caveat about China’s
GDP statistics. China’s energy consumption in 1997 and 1998
decreased 0.6% and 1.6%, respectively, and its energy intensity dras-
tically declined 80% from 1985 to 1998. Many analysts consider sta-
tistics on Chinese GDP to be speculative (IEA, 1998b).



6.2.1.2 Price and Subsidy Policies

Price signals can only influence demand and supply if they
actually reach economic agents and if those economic agents
have the opportunity to respond to them. In Russia, energy
intensity increased by 30% between 1990 and 1998, while ener-
gy prices also increased tremendously (IEA, 1997b, p. 50).14

Experience shows that it takes time for economic agents to
adjust their behaviour to new price signals, not only because of
capital stock turnover, but also because consumers often do not
have an accurate knowledge of their energy consumption, or the
technical capacity to reduce it. Various types of energy market
reforms and the pace of energy price reforms are designed to
create and clear channels for market signals to work.

It is a difficult policy challenge, and therefore a time-consum-
ing process, to bring prices into line with real costs. This is true
both in developing countries, where the poor pay a high cost
for low-quality energy services (or a low cost that is heavily
subsidized) and in developed countries. Although data on ener-
gy subsidies are incomplete, partly because such support is dif-
ficult to identify and measure, some evidence indicates that
subsidies on coal production, including transfers from both
consumers and taxpayers, are declining in a number of OECD
and developing countries. Recent data suggest that the total
producer subsidy estimates for the coal production of
Germany, UK, Spain, Belgium, and Japan, which amounted to
over US$13 billion at the beginning of the 1990s, had declined
to less than US$7 billion by 1996 (OECD, 1998a, 1998b). In
addition, case studies in the energy supply sector identified the
following areas for potential subsidy reforms: removal of coal-
producer grants and price supports; reforming subsidies to
investment in the energy supply industry; and regulatory
reform to eliminate non-tariff barriers to the energy trade
(OECD, 1997a, 1997b).

An IEA (1999b) analysis of fossil energy subsidies in China,
Russia, India, Indonesia, Iran, South Africa, Venezuela, and
Kazakhstan–which accounted for 27.5% of the world’s total
energy demand in 1997–claimed that removing such subsidies
would lower CO2 emissions by 16% in these countries,
amounting to a 4.6% reduction in global emissions.15

The transport sector–to give an important example–is another
sector that receives subsidies detrimental to the environment.
Transport is indirectly subsidized through infrastructure
financing and through tax benefits, which enhance the trans-
port volume. According to Shelby et al. (1997), energy subsi-
dies were higher than those to transportation for the OECD
area. They also found for the USA that larger CO2 savings
could be achieved through reform of indirect rather than direct
transport subsidies, such as free parking and supporting the
highway infrastructure. Reform policies to internalize external
the effects will, according to one study, probably lower sector-
wide emissions by 10–15% (OECD, 1997c).16 These findings
are in line with the results from other work on internalizing the
external cost of transportation (ECMT, 1998). The same stud-
ies also indicate that local communities can better carry out
policy reform in the transport sector, because transport subsi-
dies may originate at the local level and local communities are
more likely to value other ancillary benefits through policy
reform (OECD, 1997c; ECMT, 1998). The transport sector is
only mentioned as an example, because it is responsible for a
large share of the national emissions in many countries.17

6.2.1.3 Liberalization and Restructuring of Energy Markets

Liberalization of energy markets gives the suppliers greater
freedom in the extraction, processing, generation, transporta-
tion, and distribution or supply of energy products and the con-
sumers greater freedom to choose from different providers
(WEC, 1998). In the electricity subsector, the separation of
transmission from generation followed the realization that only
transmission is a natural monopoly (Hunt and Shuttleworth,
1996). Recently, various measures have been taken to liberal-
ize energy markets. The EU, for instance, adopted rules to lib-
eralize its electricity market (IEA, 1997a), which became oper-
ational early in 1999 (although some EU countries, such as the
UK, had started earlier). It is expected that this will be fol-
lowed soon by rules regarding a liberalization of the natural
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14 The major reasons for such growth were: a shift from an energy-
intensive industrial structure to an even more energy-intensive indus-
trial structure through maintaining the competitive advantages of
energy and raw materials production in parallel with a sharp reduction
of production in less energy-intensive industries; reduced share of
production-related energy consumption at the expense of heating,
ventilation, and air conditioning (HVAC) related energy consumption;
reduced GDP, industrial production, and industrial energy consump-
tion with the background of a relatively stable energy consumption in
the residential sector; lack of control and metering devices; non-pay-
ment problem, which appeared partly as a reaction to the sky-rocket-
ing growth of energy prices; weak capital markets and high interest
rates to attract capital for energy-efficiency improvement projects (see
Bashmakov, 1998).

15 The percentage reduction in energy consumption was calculated by
adding the gross calorific value of the reductions of the different fuels
under consideration and expressing the sum as a percentage of total
primary energy supply (TPES). As the calculations in this study did
not take into account the refinery sector (a 5% reduction in gasoline
use can amount to a reduction in TPES of more than 5%), the number
thus derived constitutes a lower bound to the true reductions in ener-
gy consumption. Some country experts strongly criticized the
methodology and quantitative results of the study (Bashmakov,
2000).

16 In this regard the time element could be crucial. In fact, during the
time in which prices adjust, transport volumes may grow, but growth
may be retarded. Additional research is needed to establish these find-
ings.

17 Other sectors, including electricity generation, mining, cement,
agriculture, and forestry, can also involve significant GHG emissions
but benefit from subsidies that increase emissions.



gas market.18 In the USA, as a result of changes in policies at
both federal and state levels, the generation and sales of elec-
tricity are being opened to competition. Liberalization of the
energy markets in developing countries and EITs has, in many
cases, been part of the macroeconomic restructuring in these
countries. Both in Africa and Latin America, one of the main
driving forces behind the reform of the power sector is to
attract private capital to expand and improve the sector.

Although these policies are mainly inspired by the wish to
increase competition in the energy and power markets, they
can have, through their impact on the choice of production
technology, significant emissions implications. Energy restruc-
turing may include regulation of the transmission monopoly,
environmental cost internalization, and system-benefit charges
(SBCs; see Boxes 6.6 and 6.7). Several studies have examined
the effects on GHG emissions of the restructuring of the elec-
tricity industry, but the issue is far from resolved. Indications
are that the impacts can be either positive or negative (IEA,
1998b). The degrees of the environmental effects of liberaliza-
tion of the electric utility industry are case specific and depend
on pre-existing circumstances (e.g., fuel mix, vintage of plant,
taxation schemes, and other factors). They also depend on such
factors as national endowment of resources, the fuel mix, the
vintage structure of generation capacity, scope for restructur-
ing, and the size and speed of policy reform (OECD, 1999). In
short, energy-sector structural reform cannot, in itself, guaran-
tee a shift towards less carbon-intensive power generation.19

On the whole, however, it may provide for a more economi-
cally driven behaviour that would be more responsive to price
signals placed on GHG emissions.

Finally, the impacts of energy-sector structural reforms can be
enhanced if appropriate additional policy measures are taken,20

such as demand-side management (DSM). An example of the
latter is the British Energy Savings Trust, which was set up 3
years after restructuring the UK energy markets, in 1992, to
finance DSM programmes run by regional electric companies.

According to an IEA study (IEA, 1999a), in the UK energy sec-
tor the structural reforms in the electricity, coal, and gas supply
sectors reduced the share of electricity generated from coal
from 65% in 1990 to 35% in 1997. This resulted from closure
of older coal-fired plants and the construction of combined
cycle gas turbines. In countries where the electricity systems

are largely based on non-fossil fuels, like Brazil, Norway,
Sweden, and Switzerland, competition without environmental
regulation may well lead to increased CO2 emissions, as gas-
fired power stations often will be the most economically attrac-
tive option for the development of new capacity.21

In Japan, after liberalization of the power-generation market
several independent power producers entered it. However,
around 85% of their fuels were coal and residual oil that,
though inexpensive, emit more CO2 per unit of power generat-
ed. With the liberalization of the retail market, adopted in 2000
for large power users, it is possible that the construction of an
atomic power or liquefied natural gas (LNG) plant, both of
which require a longer lead time and a huge investment, will
become difficult. This may lead to adverse effects in terms of
CO2 emissions (Sagawa, 1998).

Several studies in the USA have tried to quantify the potential
impacts of restructuring the electricity industry on GHG emis-
sions (see Lee and Darani, 1995; Rosen et al., 1995; US FERC,
1996; Palmer and Burtraw, 1997). The FERC study suggests
that there would be no significant increase in total CO2 and
nitrogen oxides (NOx) emissions. The other studies, however,
suggest that the impact of a more open transmission grid on
CO2 and NOx emissions could be substantial. A more recent
study by the US Department of Energy’s (DOE) Office of
Policy found that the restructuring envisioned under the
Comprehensive Electricity Competition Act (CECA) will lead
to 145–220 megatonnes (Mt) less CO2 emissions in 2010 than
would have occurred in the absence of an explicit policy to
reduce CO2 emissions from the electricity sector (US DOE,
1999).22

There is a growth in literature that focuses on the impacts of
liberalization and restructuring of energy markets on the key
technologies of interest in the context of GHG reduction, such
as energy efficiency, co-generation, and renewables.23
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18 An EU Directive on Natural Gas was adopted by the European
Council of Ministers in May 1998 after publication in mid-1998;
member states will have 2 years to implement the Directive.

19 While it led to reduced emissions in some countries, such as the UK
(Fowlie, 1999), it had the opposite effect in others, such as Australia.

20 Another example is how liberalization of energy markets can reduce
mitigation costs, especially when permit trading is not allowed, inso-
far as, for instance, electricity trade makes it easier to fulfil mitigation
commitments (see also Hauch, 1999).

21 In this regard, in Sweden the increase in carbon intensity was more
the result of the political choice to phase out some nuclear power
plants than of a link to the creation of an exchange. More generally, it
may well be that the long-term impact of the international power
exchange between Norway and Sweden will be that gas-fired power
plants are added to the Nordic electricity system, causing coal-fired
generation to decline. For some general information on the relation-
ship between market deregulation and national mitigation commit-
ments, see also Baron and Hou (1998).

22 The DOE study incorporated policy proposals such as increasing
the renewable-energy portfolio standards (RPSs) and removing barri-
ers to the use of combined heat and power technologies where they are
economical. In response to calls from environmentalists to reduce the
potential impacts of restructuring the electricity industry, some coun-
tries initiated specific policies aimed at increasing the role of renew-
able energy in the electricity generation mix (Mitchell, 1995b, 1997;
Wolsink, 1996; Wiser, 1997, 1999; Wiser and Pickle, 1997; Novem,
1998; Haddad and Jefferis, 1999; Wiser et al., 1999).



6.2.2 Climate and Other Environmental Policies

Section 6.2.1 sets the general policy context in which any envi-
ronmental policy will operate. This section focuses on specific
policies to address climate change. The various policy instru-
ments are assessed generically. In other words, there is not a
sector-specific focus, because it is beyond the scope of this
chapter. This may create some bias insofar as most sector-spe-
cific policies are technology oriented and of the command-and-
control type.

6.2.2.1 Regulatory Standards

Regulatory environmental standards set either technology stan-
dards or performance standards, enforceable through fines and
other penalties24 (voluntary standards are discussed in Section
6.2.2.4). They may attach to a product, a line of products (e.g.,
US Corporate Average Fuel Economy (CAFE) standards), or
the provision of a service (e.g., Japan requires that firms
employ an energy manager).25 In this chapter regulatory stan-
dards are distinguished from economic or market-based instru-
ments (taxes and fees, permits, subsidies). Although all regula-
tory standards have consequences upon economic decision
making, they differ from market-based instruments, which
operate by directly changing relative prices rather than by
specifying technology or performance outcomes.

Regulatory standards can be effective policies to address mar-
ket failures and barriers associated with information, organiza-
tion, and other transactions costs. They also are widely used to
require actors to account for environmental externalities and, if
continually modified to account for technical progress, they
can provide dynamic innovation incentives (see Section 6.5.3).
The principal sources of inefficiency associated with some reg-
ulatory standards derive from too narrow specifications of uni-
form behaviour in heterogeneous situations, weakness in con-
trolling aggregate levels of pollution, and relatively more diffi-
cult application to products other than component or turnkey
technologies. By requiring a certain level of performance with-

out specifying how it should be achieved, performance stan-
dards generally reduce losses through inflexibility when com-
pared to technology standards.

On the whole, energy efficiency standards have proved to be an
effective energy conservation policy tool. Energy efficiency
standards are widely used in over 50 nations and the number of
standards is still growing.26,27,28 For appliance standards enact-
ed in the USA, cumulative energy savings in 1990 to 2010 are
estimated at 24 etajoules (EJ), consumer life-cycle costs sav-
ings at US$46 billion, and emission reductions at about
400MtCO2. For an early estimate, see McMahon (1992). The
introduction of refrigerator and freezer standards in the EU is
estimated to generate 300 TeraWatt hours (TWh) of cumulative
electricity savings during 1995 to 2010 (Lebo and Szabo,
1996). Similar measures in Central and Eastern Europe are
expected to save 60 TWh energy and to reduce emissions by 25
MtCO2 (Bashmakov and Sorokina, 1996). In Japan, the law
concerning the rational use of energy was strengthened on 1
April 1999 and is expected to reduce, in combination with the
industries’ voluntary actions plan, a maximum of 140 MtCO2
in industry, transportation, and other sectors in total
(Yamaguchi, 2000). Energy efficiency standards are especially
effective in countries with high and growing appliance owner-
ship and in countries in which consumers’ energy awareness is
low because of historically low energy prices.

The development of an effective regulatory standard requires
national and, potentially, international, leadership to balance
the interests of manufacturers, consumers, environmental non-
government organizations (NGOs), and other interest groups,
while creating sufficient societal support and incentives for
successful implementation. While decisions to introduce regu-
latory standards are commonly made by legislatures, the devel-
opment and implementation of standards over time is often left
to a less transparent public administration. Although the
enforcement and monitoring of all policy instruments is costly
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23 See Mitchell (1995b); Weinberg (1995); Boyle (1996); Lovins
(1996); Nadel and Geller (1996); Owen (1996); Brown et al. (1998);
Eyre (1998); Patterson (1999).

24 There is no general agreement on terms by which regulatory stan-
dards are classified. In the USA, technology standards are often called
command-and-control standards because they dictate particular tech-
nologies or best practices that limit the range of compliant behaviours.
In other nations, command and control normally refers to all regula-
tory standards because they command behaviour and control compli-
ance therewith.

25 Mandatory standards are put in place by either specific legislation
or government regulation. See, for instance, the Comprehensive
National Energy Policy Act (USA, 1992), versus the Energy
Conservation in Buildings Requirement for Thermal Performance and
Heat–Water–Power Supply (Moscow City Government, 1999).

26 In the USA in 1997 standards set for appliances are estimated to
cover 75% and 84% of primary and delivered energy, respectively, in
the residential sector. Similarly, it is estimated that standards covered
49% of both primary and delivered commercial energy use in 1997
(EIA, 1999).

27 Technological progress provides a basis for regular updates of effi-
ciency standards. In Russia, for instance, 1976 standards for refriger-
ators were improved by 50% in the 1980s and then in 1991 by an
additional 50%. As a result, energy consumption of new units
decreased by a factor of three (Bashmakov and Sorokina, 1996). The
American Society of Heating, Refrigeration, and Air Conditioning
Engineers updates its codes for residential and commercial buildings
on average every 10 years.

28 In France, successive building codes in the residential sector alone
have generated 75% of the total energy savings over past 20 years.
After building codes were set in 1974 they were made stricter in
1982, 1988, and 1998 (IEA, 1996, p.38).



and subject to failures, including discriminatory treatment and
corruption, social science literature that examines the imple-
mentation of regulatory standards is more extensive.

Recent literature indicates that regulatory standards often pre-
cede market-based instruments and build institutional capacity
in policy evaluation, monitoring, and enforcement (Legro et
al., 1999). This is especially true in developing countries that
lack both trained personnel and the financial resources to
implement market-based instruments.29 Technology standards
have provided the initial training ground for public officials
unfamiliar with any approach to environmental regulation.
Russell and Powell (1996) found that developing countries
with a better institutional capacity developed through experi-
ence with regulatory standards generally are more successful in
implementing market-based environmental policies than less
well-equipped countries. Cole and Grossman (1998) suggest
that when historical, technological, and institutional contexts
are taken into account, technology standards are efficient in the
initial stages of environmental policy development.

The use of regulatory standards to force the internalization of
environmental costs has initial distributional consequences dif-
ferent from those of environmental taxes or subsidies.30

Regulatory standards reduce economic benefits previously
shared by consumers, capital, and labour only to the extent of
compliance costs and/or output foregone. Unlike environmen-
tal taxes or auctioned permits, regulatory standards do not
extract the value of environmental costs on inframarginal pro-
duction that continues after the policy is mandated.

Regulatory standards may also be used to correct barriers that
arise from information failures and can yield net benefits to
society if the costs associated with the regulation are less than
the losses due to informational barriers. 

6.2.2.2 Emissions Taxes and Charges

An emission tax on GHG emissions requires domestic emitters to
pay a fixed fee, or tax, for every tonne of CO2eq of GHG released
into the atmosphere. Such a fee would encourage reductions in
GHG emissions in response to the increased price associated
with those emissions. In particular, measures to reduce emissions
that are less expensive than paying the tax would be undertaken.

Since every emitter faces a uniform tax on emissions per tonne
of CO2eq (if energy, equipment, and product markets are per-
fectly competitive) this would result in the least expensive
reductions throughout the economy being undertaken first
(IPCC, 1996, Section 11.5.1; Baumol and Oates, 1988). In the
real world, markets, especially energy markets, deviate from
this ideal, so an emissions tax may not maximize economic
efficiency. Rather, the efficiency of an emissions tax should be
compared with that of alternative policy measures. Criteria
other than efficiency, such as distributional impacts, are likely
to influence the design of the emissions tax where this is the
chosen policy. Although equity considerations could be, in the-
ory, better addressed through other redistribution mechanisms,
in practice most energy and emissions taxes apply differential
tax rates to different sources.

An emissions tax, unlike emissions trading, does not guarantee
a particular level of emissions. Therefore, it may be necessary
to adjust the tax level to meet an internationally agreed emis-
sions commitment (depending on the structure of the interna-
tional agreement; see Section 6.3). The main economic advan-
tage of an emissions tax is that it limits the cost of the reduc-
tion programme by allowing emissions to rise if costs are unex-
pectedly high (IPCC, 1996, Section 11.2.3.1; see also Section
6.3.4.2).

An emissions tax needs to be adjusted for changes in external
circumstances, like inflation, technological progress, and
increases in emissions (Tietenberg, 2000). Inflation increases
abatement costs, so to achieve a target emission reduction the
tax rate needs to be adjusted for inflation. Fixed emissions
charges in the transition economies of Eastern Europe, for
example, have been significantly eroded by the high inflation
(Bluffstone and Larson, 1997). Technological change general-
ly has the opposite effect, reducing the cost of making emis-
sions reductions. Thus, technological change generally increas-
es the emissions reductions achieved by a fixed (real) tax rate.
New sources increase emissions. If the tax is intended to
achieve a given emissions limit, the tax rate will need to be
increased to offset the impact of new sources (Tietenberg,
2000).

Implementation of a domestic emissions tax touches on many
issues (Baron, 1996). Policymakers must consider the collec-
tion point, the tax base, the variation or uniformity among sec-
tors, the association with trade, employment, revenue, or R&D
policies, and the exact form of the mechanism (e.g., an emis-
sions tax alone or in conjunction with other policy measures).
Each of these can influence the appropriate design of a domes-
tic emissions tax.

6.2.2.2.1 Collection Point and Tax Base

Since GHG emissions caused by the combustion of fossil fuels
are closely related to the carbon content of the respective fuels,
a tax on these emissions can be levied by taxing the carbon
content of fossil fuels at any point in the product cycle of the
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29 This also applies to current climate policy. Under certain circum-
stances it is preferable to adopt a more intensive regulatory standards
phase by financing capacity building and hands-on-experience in the
flexible instruments for administrators in developing countries
(Montero, 2000c). The Activities Implemented Jointly (AIJ) pilot
phase might be considered a step in this direction.

30 Regulatory standards reverse the distributional effects of efficient
subsidies in that the incremental costs of regulation are borne not by
producers, but by the subsidy-financing tax base or those consumers
who must cross-subsidize the environmental goods (see Section
6.2.2.6).



fuel (EIA, 1998).31, 32, 33 A producer–importer tax on the car-
bon content of fossil fuels, coupled with a crediting scheme for
exports and non-combustion end-uses, closely replicates the
effect of a direct emissions tax on end-users (CCAP, 1998).
Further, by focusing on producers and importers rather than
end-users, the number of regulated entities is dramatically
reduced. Fewer regulated entities lead to substantially lower
monitoring and enforcement costs. Modelling studies show
that taxing fossil fuels on a basis other than carbon content–for
example, energy content or value–also reduces CO2 emissions,
but usually at a higher cost for a given emissions reduction tar-
get (IPCC, 1996, Section 11.5.1).34

6.2.2.2.2 Association with Trade, Employment, Revenue, and
Research and Development Policies

In an open economy, countries are often concerned about the
impact of emissions taxes on tradable goods sectors (OECD,
1996a; IPCC, 1996, Section 11.6.4). In practice, therefore, cur-
rent carbon taxes generally tend to have a lower rate on the
tradable goods sectors, especially when they are energy inten-
sive. When some trading partners do not undertake emissions
reductions, for example, domestic emissions taxes on carbon-
intensive tradable goods might simply shift production to
countries without such taxes. One solution is corrective taxes
on imports and exports (OECD, 1997d). If this option is not
available (see Section 6.4.2), an emissions tax that is differen-
tiated among various sectors in the economy may be preferred
(Hoel, 1996). Another solution, which Böhringer and
Rutherford (1997) find to be more efficient, is sector-specific
wage subsidies to protect jobs in the carbon-intensive tradable
goods sector.

Opposition to increased environmental regulation in general
often centres on concerns that firms might relocate and/or peo-
ple might lose their jobs (Rosewicz, 1990).35 Emissions taxes
are particularly vulnerable to this criticism since they require
firms not only to pay abatement costs, but also taxes on their
unabated emissions (Vollebergh et al., 1997). Several recent
papers, however, argue that emissions taxes are more cost-
effective than direct regulation and may even lead to higher
employment (Wellisch, 1995; Hoel, 1998). The intuition is that
the right to emit pollution constitutes a rent. With mobile cap-
ital markets, part of that rent accrues (inefficiently) to owners
of capital unless it is taxed (Schneider, 1998). By using the tax
revenue to offset labour taxes, employment can be higher than
in similarly designed policies using direct (technology) regula-
tion (Hoel, 1998; see also Section 6.5.1). Chapters 8 and 9 refer
to various sources corroborating the evidence that using emis-
sions and/or energy taxes to reduce distortionary labour taxes
tends to increase employment.

Even with an efficient outcome, the immediate profit losses to
firms under an emissions tax might be considered “unfair” to
firms in carbon-intensive industries. In that case, a portion of
the tax revenue can be returned to firms (lump sum) to com-
pensate them for lost profit without a loss of efficiency.
Bovenberg and Goulder (1999) estimate that only 15% of the
revenue from an emissions tax would need to be refunded to
industry to maintain existing profit.

In addition to reducing emissions and raising revenue, a carbon
tax also influences innovation. This occurs alongside any dis-
tinct R&D policies that are undertaken (see also Section
6.2.2.6). Early work in this area indicated that auctioned per-
mits would provide the largest incentive to innovate, followed
by emissions taxes and then permits allocated free (Milliman
and Prince, 1989). More recent work demonstrates that with a
large number of competitive firms and imperfect R&D mar-
kets, taxes may induce more innovation than auctioned per-
mits, although the welfare effects remain ambiguous (Fischer
et al., 1998). The incentive for innovation is therefore a neces-
sary design consideration (Grubb et al., 1995; see Section
6.2.2.6). It has been suggested in this regard that the targetted
recycling of emissions taxes that support renewable energy and
energy efficiency activities may offer specific benefits (see
Sections 6.2.2.6, 6.5.1, 6.5.2; IPCC, 1996). 

In practice, both energy and carbon taxes have already been
adopted as responses to commitments under the UNFCCC. The
European Commission (EC), for instance, has issued several
tax proposals designed to reduce emissions of CO2 from fossil
fuel use. For example, Finland, Netherlands, Denmark,
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31 Empirical work suggests that to focus on all six gases of the Kyoto
Protocol (CO2, CH4, N2O, SF6, PFCs, HFCs) and not just the carbon
content of fuels reduces compliance costs substantially (Reilly et al.,
1999).

32 This assumes that “carbon removal and disposal” strategies (e.g.,
removing CO2 from stack gases and sequestering them in geological
formations or land use change involving afforestation and reforesta-
tion) receive payments equivalent to the tax rate per tonne CO2eq
sequestered. It also assumes that non-energy GHG emissions are also
subject to the tax or to policies for which the marginal abatement cost
is equal to the tax rate.

33 One aspect that is also relevant is taxing net emissions versus gross
emissions. Land use changes are included in the Kyoto Protocol. A
national Computable General Equilibrium (CGE) model in which
emissions from the use of timber and carbon accumulation in the for-
est are taken into account, thus calculating net emissions, is given by
Pohjola (1999). If net emissions are taxed, Pohjola (1999) finds that
the carbon tax needed to reduce net emissions by the same amount as
emissions from fossil fuels is significantly lower.

34 Energy taxes may be more efficient than taxes on carbon alone if
there are negative externalities unrelated to CO2 associated with the
energy services delivered.

35 A 1997 OECD study (OECD, 1997d) suggests that the evidence
that more stringent environmental regulation is reflected in the pat-
tern of international trade in goods produced by traditionally pollut-
ing activities is not yet clear. This conclusion could change, however,
if energy taxation or any comparable measure is introduced at a large
scale.



Sweden, and Norway all have energy taxes based in part on
carbon content (Speck, 1999; see Section 6.1.3). Other coun-
tries that have recently introduced carbon or energy taxes to
help achieve their climate change commitments include
Slovenia, UK, Italy, Germany, and Switzerland. France is also
considering increasing energy taxes on industry for the same
purpose. None of these countries have been able to introduce a
uniform carbon tax for all fuels in all sectors, because unilater-
al nature policies raise. In most cases for which an energy or
carbon tax is implemented, the tax is implemented in combi-
nation with various forms of exemptions (e.g., rebates, VAs).

6.2.2.3 Tradable Permits

A country committed to a limit on its GHG emissions can meet
this limit by implementing a tradable permit system that direct-
ly or indirectly limits emissions of the domestic sources cov-
ered by the commitment. The large number and diverse nature
of the sources covered by national limits on GHG emissions
raises issues of how to assign permit liability. If permit liabili-
ty is imposed at the point of release to the atmosphere, a so-
called “downstream” system, individual vehicle owners and
households would have to participate.

Some emissions, such as HFCs, sulphur hexafluoride (SF6),
and energy-related CO2, can be controlled indirectly, with a so-
called “upstream” system, by limiting substances that ulti-
mately result in GHG emissions (see, e.g., IPCC, 1996; Bohm,
1999).36 Since energy-related CO2 emissions are linked to the
carbon content of fossil fuels, the system could be implement-
ed by requiring fossil fuel producers and importers to hold per-
mits equal to the carbon content of the fuels sold domestical-
ly.37 Permit liability for energy-related CO2 emissions could be
imposed at any point in the fossil fuel distribution chain and at
different points for different categories of sources, for example
downstream for large industrial sources and on petroleum com-

panies for transportation fuels.38 Industrial non-energy sources
of GHG emissions also lend themselves, at least partially, to
inclusion in a tradable permit system (Haites and Proestos,
2000).

Permits equal to the emissions limit are distributed (gratis or
by auction, usually to permit-liable entities) and each permit-
liable entity is required to hold permits equal to its actual GHG
emissions or actual sales of regulated substances as appropri-
ate. Permits may be traded, at least domestically and at least
among permit-liable entities. Such a tradable permit system is
well known from the literature to be cost-effective if transac-
tions costs are not prohibitively high and if there are no signif-
icant imperfections in the permit market and other markets per-
taining to the emitting activities (see IPCC, 1996, p. 417).39

Some sources of GHG emissions, such as methane emissions
from livestock, as well as small sources, are very difficult to
include in a tradable permit system because it is difficult to
measure actual emissions (or an accurate proxy for actual
emissions). In practice, then, the emissions cap for the tradable
permit system is less than the national emissions limit and
some sources need to be addressed by other policies.40 For
example, a government that takes part in an international
agreement, such as the Kyoto Protocol, may establish an emis-
sions cap for the tradable permit system on the basis of the ini-
tial national limit or the ex post limit, taking into account its net
transfers under the Kyoto mechanisms.41

With a significant number of permit-liable entities it should be
possible to establish market institutions that have low transac-
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38  See NRTEE (1999) for a comprehensive overview of options for
the design of a domestic GHG tradable permit system. Remember that
the liable point may differ from the point of allocation. See Matsuo
(1999) and Iwahashi (1998) on this.

39 Tradable permits have been used to implement a cap on SO2 emis-
sions by electricity generators in the USA and on NOx and SOx emis-
sions by large sources in the greater Los Angeles area (the Regional
Clean Air Incentives Market (RECLAIM) Programme; e.g.,
Schmalensee et al. (1998); Stavins (1998a)).

40 NRTEE (1999) suggests that coverage for different designs can
range from 30% to over 90% of total emissions. Given a satisfactory
solution to the monitoring problems, cost-effectiveness is improved
by including as large a share of total emissions as possible in the trad-
able permit system.

41 The national government could choose to be a net buyer or seller
using the Kyoto mechanisms. To achieve compliance, the cap for the
domestic trading system should reflect the national limit after adjust-
ment for these international transfers. Whether the domestic cap is
based on the initial commitment (no government transfers under the
mechanisms) or the ex post limit, permit-liable entities could be
allowed to acquire quotas under the Kyoto mechanisms, if allowed by
the rules governing those mechanisms, for use towards compliance
with their obligations under a domestic tradable permit system.

36 HFCs and SF6 are manufactured gases used in a variety of applica-
tions and ultimately escape to the atmosphere. Limiting sales of these
gases in the country effectively limits the subsequent emissions. Cost-
effectiveness then requires that the prices of the regulated substances
rise to reflect the social marginal cost of abatement (see Section
6.4.1), so that the sources have the correct incentive to implement the
appropriate abatement measures.

37 Virtually all of the carbon content of fossil fuels is converted to CO2
upon combustion. Thus, if there are no commercially viable CO2 cap-
ture and sequestration technologies, the CO2 emissions are closely
related to the carbon content of the fuel. If CO2 capture and seques-
tration is implemented, an upstream system based on the carbon con-
tent of fossil fuels could still be implemented, but it should be com-
plemented by a system of credits for sequestered CO2. Some fossil
fuel is used as a feedstock for products that sequester the carbon for a
relatively long time. An upstream system should include provisions to
exempt the carbon sequestered in such products. A particular aspect
that can be introduced is to specify a validity period of permits by
establishing gradual devaluation and an expiration date. By introduc-
ing this dynamic incentives could be created.



tion costs and that limit the scope for market power.42 The only
situation in which there might not be enough permit-liable enti-
ties is in a small country with an oligopolistic market for fossil
fuels and an “upstream” trading system.43 In particular, if an
exchange institution is used, transaction costs are likely to be
small and market power (the possibility of one or more market
parties to manipulate market conditions in their favour, or to
try to achieve such a result by taking speculative positions) is
unlikely to have a noticeable influence on the transaction vol-
ume or final market prices (e.g., Smith and Williams, 1982;
Carlén, 1999).44 If the domestic tradable-permit system is inte-
grated with an IET market (see Section 6.3.1)–which further
increases cost-effectiveness–any remaining market power con-
cerns are greatly diminished.

Some analysts argue that to allow entities, in addition to per-
mit-liable participants, to participate in the market is desirable
for several reasons. It allows the risks of changes in permit
prices to be borne by the entities (e.g., private brokerage firms,
traders, professional speculators, or arbitrators) best able to
bear those risks. It may also improve intertemporal efficiency
if other entities have relevant information not heeded by per-
mit-liable participants. The behaviour of participants in the
permit market might need to be supervised in the same manner
as in other financial markets, regardless of whether they are
permit-liable or not, to prevent abuses such as insider trading
and efforts to manipulate the market.

Permit prices fluctuate, but this does not mean that prices of the
products of permit-liable entities fluctuate to the same extent.
Crude oil prices change daily, but the prices of various petrole-
um products, such as gasoline, are much more stable. Forward
contracts and options are used to transfer the risks of price fluc-
tuations to sources willing and able to bear those risks.45 The

same mechanisms are likely to be used by permit-liable entities
to deal with the risks of fluctuations in permit prices.

The market value of the permits needed by a permit-liable enti-
ty is passed on to customers in the form of higher prices, to
employees through lower wages, to shareholders through
lower returns, and to suppliers through lower prices. To answer
how the costs are shifted to these different groups requires a
comprehensive model of the economy with accurate values for
relevant price elasticities. Ultimately, the costs are borne by
individuals, with the impact on a particular person reflecting
his or her role as an employee, investor, and/or consumer of
various products.46

Permits can be distributed to permit-liable entities (and/or oth-
ers) gratis or by auction.47 Gratis allocation requires a rule for
distributing the permits among the recipients. Since the permits
represent an asset transferred to the recipients it can be difficult
to find a rule that is considered fair by all. An auction raises
revenue. All of the revenue could be returned to permit-liable
entities, but this needs to be done in a manner that leaves them
with an economic incentive to reduce their emissions. The rev-
enue could also be used for a variety of other purposes.
Compensation could be provided to industries, whether or not
they are permit-liable entities, or households that bear a dis-
proportionate share of the impact. The revenue could also be
used to reduce existing distortionary taxes and so reduce the
net cost of the emission reduction policy (see Section 6.5.1).
The introduction of an emissions trading programme, like the
imposition of any new tax or regulation, imposes adjustment
costs on the affected entities. This is true whether the permits
are auctioned or distributed gratis. Moreover, some gratis allo-
cation rules discriminate against new entrants (IPCC, 1996;
Cramton and Kerr, 1998; Zhang, 2000).
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42 The number of participants in the trading programme could be
small if a country chooses to make fossil-fuel producers and importers
permit-liable and there are very few such firms. This implies that the
domestic market for fossil fuels is not competitive. If the country cre-
ated a competitive market for fossil fuels, the number of permit-liable
entities would likely be sufficiently large to create a competitive mar-
ket for permits as well. Sweden, which imports all its fossil fuel, has
some 350 fossil fuel importers that are now liable to a carbon tax and
that would be permit-liable should it choose to shift to a tradable per-
mit system.

43 Even under such circumstances a competitive permit market could
be created by restructuring the fossil fuel market.

44 Although the US SO2 allowances are not traded on an exchange,
over 9.5 million allowances were transferred between economically
unrelated parties in 1998 and brokerage commissions for a simple
transaction are approximately 1% of the sale price.

45 For crude oil and natural gas, the  options are exchange-traded con-
tracts. Such transactions also occur in the SO2 allowance market; they
do not require exchange-listed contracts.

46 This is true regardless of the domestic policy adopted to meet the
GHG emissions limit. However, the total cost of meeting the limit,
and the distribution of that cost, may differ with the policy adopted
(see Section 6.5.1).

47 Auctioned permits are equivalent to a tax, if adjusted with a similar
frequency, and are designed to achieve an equal emissions reduction
by the same sources. If, instead, tradable permits are allocated gratis
to certain entities, the same distribution is obtained as in the tax case
if the tax revenue is redistributed to these entities in the amount of the
wealth of the permits otherwise allocated to them (IPCC, 1996, p.
410). To redistribute the tax revenue it is necessary to confirm the total
amount of permits allocated. This means that the taxation system in
combination with the revenue redistribution inevitably involves a key
dimension of the permit trading system, so that the advantage of the
taxation system in administrative costs diminishes significantly. If the
scale of allocation for the permits in gratis is determined on the basis
of historical factors, the allocation in gratis does not reduce efficien-
cy in emissions reduction. Tax exemption and reduction, however,
may reduce or even eliminate incentives for emissions reduction and
depreciate the efficiency factor embraced in the taxation policies,
because the scale of reduction or exemption is determined by the cur-
rent emissions quantities.



Assuming compliance, permits are a more certain means than
taxes of achieving quantified national emission limits. In addi-
tion, a tradable permit system with auctioned permits is more
likely to provide the efficient price signal than a tax rate set by
the government. However, the certainty of achieving the emis-
sions levels provided by a tradable permit system incurs the
cost of permit prices being uncertain. Some have argued in
favour of introducing a trigger price into a permit trading sys-
tem to meet this concern, namely the absence of an upper
bound on the price and hence on compliance costs (See e.g.,
Kopp et al., 1999a). When the permit price reaches the trigger,
additional permits are sold by the government to prevent the
price from rising further. Such a hybrid system fails to guaran-
tee particular emissions levels, but does limit the economic
cost of the programme for its users.48

6.2.2.4 Voluntary Agreements

No international definition of a VA is universally accepted
(CEC, 1996; EEA, 1997; OECD, 1998a). VA is used here to
mean an agreement between a government authority and one or
more private parties, as well as a unilateral commitment that is
recognized by the public authority, to achieve environmental
objectives or to improve environmental performance beyond
compliance.49

VAs may take a wide variety of different forms. The large-scale
VAs in the field of GHG mitigation activities in Japan and the
Netherlands are referred to in Boxes 6.3 and 6.4. For a descrip-
tion of the US “market transformation” type VA and the
German VAs, see Mazurek (1998) and Storey et al. (1999), and
Eichhammer and Jochem (1998), respectively. Sometimes
these involve agreements between the government and a set of
firms, but in other cases industry associations represent mem-
ber firms. Sometimes the agreement only relates to general
issues, such as R&D activities, reporting on emissions, or ener-
gy efficiency, but in other cases specific quantified targets,
such as emissions targets, are agreed upon. A few VAs are
legally binding once signed, but most are not.50

Although VAs are a relatively new environmental policy
instrument, they are gaining popularity as a tool to cope with
environmental issues. That in 1996 in the EU alone there exist-
ed more than 300 VAs at least suggests this type of policy mea-

sure is administratively and politically feasible, especially if it
is used in a policy mix or in new policy areas (OECD, 1998a,
p. 102). VAs are political feasible simply because most of the
industries seem to prefer VAs over other tools (Dijkstra, 1998;
Svendsen, 1999). VAs may precede more formal arrangements;
the vast majority of GHG emissions reductions in the USA
called for in the US Climate Change Action Plan come, for
instance, from voluntary initiatives to increase energy efficien-
cy. However, VAs may not be a satisfactory substitute for
mandatory efficiency standards (Krause, 1996).

Sometimes the “voluntary” aspect of a VA is questioned, as the
main motivation for industries to join the VA was to avoid the
implementation of a carbon and/or energy tax and/or other
mandatory policy (Torvanger and Skodvin. 1999, p. 28).
Segerson and Miceli (1997) found that the level of abatement
under a VA is closely related to the probability of regulatory
action in the absence of an agreement.

Proponents of voluntary approaches point to the low transac-
tion costs, the merits of the consensus elements in the
approach, and the advantages of leaving the choice of abate-
ment measures to the participants. Although free riding is a
concern with VAs, the risk can be addressed through the prop-
er design of the VA. Free riding can take place if firms that do
not comply or participate benefit from the agreement while
bearing no cost. Governments may encourage participation in
VA programmes and discourage free riders by providing incen-
tives such as permits to use labels and other marketing claims.
As for possible abuse, some or all of the participants may use
their initiating role in the process to create an agreement that
benefits them, and hence obstruct real abatement progress. It
could also involve introducing measures that benefit some
firms, and reinforces their market dominance.

To assess the environmental effectiveness, the trade-off
between how ambitious the objectives are and how well they
are attained should be recognized. There is a suspicion that if
the goals are too ambitious, they will not be attained. As most
VAs are non-binding they may not attain ambitious goals
(EEA, 1997; OECD, 1998a). VA objectives may be less strin-
gent if environmental groups are left out off the negotiation
process. Since VAs are a relatively new policy instrument to
cope with environmental issues, it is too early to determine
their effectiveness (OECD, 1998a, pp. 78–83).

From a methodological perspective, it is rather complex to
assess the effectiveness of VAs because it is difficult to estab-
lish a counterfactual.51

Voluntary provisions also may accompany mandatory policies.
The Substitution Provision of the US Acid Rain (SO2
Emissions Trading) Program is the first example of a voluntary
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48 See Kopp et al. (1999b) for a discussion in the context of domestic
US policy; Roberts and Spence (1976) provide a theoretical discus-
sion.

49 “For the purpose of this Communication Environmental
Agreements … can also take the form of unilateral commitments on
the part of industry recognized by the public authorities” (CEC, 1996,
p. 5).

50 In some countries (e.g., Denmark) negotiated agreements are
explicitly linked to favourable treatment under tax regimes.

51 The issue of counterfactual baselines is revisited in Section 6.3.2.3
in the context of the Kyoto mechanisms.



compliance provision within an emissions trading regime.53

Voluntary compliance was characterized by adverse selection;
units that “opted in” to the programme tended either to have
low emissions below their permitted allocations, or to have low
costs of abatement (Montero, 1999). While the VA kept aggre-
gate costs low, the adverse selection increased aggregate emis-
sions (Montero, 1999). This inevitable trade-off between
adverse selection and cost-savings means that the design of
voluntary programmes will influence their net emissions
impact (Montero, 2000a).

The OECD (1998a) noted that no empirical evidence is avail-
able on the cost-effectiveness of VAs. CEC (1996), however,
argues that the flexibility of VAs provides room for industries
to find the most efficient way to achieve the targets, which
could be a major advantage. EEA (1997) recently concluded,

after analyzing six case studies of European VAs, that, while
there was quantitative evidence for environmental improve-
ment in most case studies, more sophisticated analysis would
be necessary to distinguish between the effects of the VAs and
those of other factors (EEA, 1997, pp. 84–85). In the same
study it was recognized, however, that in five of the six cases
the interviewed experts felt VAs incurred lower costs than
alternative instruments.

OECD has indicated various conditions under which VAs can
be implemented most effectively (EEA, 1997, p. 15; OECD,
1998a):

• clear targets are set prior to the agreement;
• the agreement specifies the baseline against which

improvements will be measured;
• the agreement specifies reliable and clear monitoring

and reporting mechanisms;
• technical solutions are available to reach the agreed tar-

get;
• costs of complying with the VA are limited and are rel-

atively similar for all members of the target group; and
• third parties are involved in the design and application

of VAs.

The EC, for instance, recommends prior consultation with
interested parties, a binding form, quantified and staged objec-
tives, the monitoring of results, and so on.
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Keidanren (Japan Federation of Economic Organizations), the largest private and non-profit economic organization in Japan, announced
the “Keidanren Appeal on the Environment” in 1996, in which concrete courses of action for measures to cope with global warming were
specified. Following the Appeal, 37 trade associations set forth the “Keidanren Voluntary Action Plan on the Environment” in June 1997.
Although the above action plan is a unilateral commitment on the part of the industries, it should be considered an environmental agree-
ment.52 In fact it constitutes a major component of the Japanese government’s “Basic Principles for the Promotion of Measures Dealing
with Global Warming”; a follow-up survey is to be conducted every year and reported to the government councils, including the Industrial
Structure Council of the Ministry of International Trade and Industry, for third party review.

This action plan, which contributes to meeting the Japanese commitment under the Kyoto Protocol, has as its goal “to endeavour to reduce
CO2 emissions from the 28 industrial and energy-conversion sectors to below the levels of 1990 by 2010.” Under a baseline (or business-
as-usual) scenario these emissions are estimated to increase by 10%. The 28 sectors represent approximately 76% of CO2 emissions gen-
erated by all industry and energy-conversion sectors in Japan, which in turn generated 42% of Japan’s total CO2 emissions in 1990.

Each participating business sector made a social commitment by setting a numerical target (in terms of: size of CO2 or energy con-
sumption; emissions or index of CO2 emissions; or energy input per unit output), which was compiled and published by Keidanren.
For example, the Japanese Iron and Steel Federation set a target of reducing energy consumption in 2010 by 10% from the 1990 level
(57.22kt crude oil).

The second survey, presented just before CoP5, showed that CO2 emissions in fiscal year 1998 were 126MtC, or 2.4% less than 1990
and 6% less than 1997 levels. Keidanren stressed that to meet the emissions goal it would:
• continue to make annual surveys of emissions by participating associations;
• intensify co-operation between the government and other sectors, such as transportation, households, etc.;
• promote the construction of new nuclear power plants; and
• explore positively the utilization of the Kyoto mechanisms.

Box 6.3. Keidanren Voluntary Action Plan on the Environment (See http://www.keidanren.or.jp/)

52 This point of view is supported by the EC: “For the purpose of this
Communication Environmental Agreements … can also take the form
of unilateral commitments on the part of industry recognized by the
public authorities” (CEC, 1996, p. 5).

53 The SO2 emissions trading regime has been implemented in two
phases. The first phase (beginning in 1995) imposed annual emissions
caps (with trading) on the 263 dirtiest large electricity-generating
units. The Substitution Provision allowed units regulated only by the
second phase (beginning in 2000) to voluntarily “opt in” in the first
phase. Owners of the first-phase plants could use these “substitution”
units to lower the compliance costs.



6.2.2.5 Informational Instruments

As Chapter 5 shows, information drives decisions. Information
gaps result in uncertainties, risks, and missed opportunities.
Poor information is widely recognized as a barrier to improved
energy efficiency or reduced emissions (Tietenberg and
Wheeler, 2000). Markets are not always fully informed on the
quality of information and application of decision-support
technologies. In Russia, for instance, it is estimated that insti-
tutional barriers and information limitations result in only 2%

of the market potential to improve energy efficiency actually
being realized (Bashmakov, 1998).55

Reliable data are a prerequisite for decision-making. At the
micro level, feasibility studies or business plans are used to
explore opportunities to raise energy efficiency and energy
productivity. They are based on metering and energy audits in
specific situations. At the macro level, detailed statistical data
on major aspects of energy consumption are the basis for devel-
opment and evaluation of efficiency improvement policies, and
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Box 6.4. Voluntary Agreements in the Netherlands

In the early 1990s, the Dutch government entered into agreements with all energy-intensive industries to improve energy efficiency.
The purpose was both to improve competitiveness by cutting energy costs and to reduce CO2 emissions. This win–win situation is
favoured by the Ministry of Economic Affairs, which was primarily responsible for the execution of the long-term agreement (LTA)
policy. Efficiency is usually defined as the ratio of relevant physical output to primary energy consumed. The target for most sectors
is to improve energy efficiency by 20% in 2000, compared to 1989. Most sectors were audited before entering into an agreement, to
ensure that the efficiency improvement was feasible. The coverage of industrial energy consumption is high, almost 90% when non-
energy consumption is excluded. There is a similar agreement with the horticultural greenhouse sector, which is the second largest
energy-consuming sector after the chemical industry. An intermediate organization co-ordinates the annual monitoring and runs pro-
grammes for technological support and R&D. The government publishes results annually. It is expected that, on average, the 2000
efficiency target will be reached.54 Based on interviews and analysis, 30%–50% of the efficiency improvement identified is imple-
mented because of LTA and related supporting policies (Glasbergen et al., 1997). The results for the LTA sectors in total manufactur-
ing industry through 1996 are depicted in Figure 6.1, together with general statistics (Van Dril, 2000).

Figure 6.1: Aggregated results of manufacturing industry LTAs and statistics.

As a general observation, LTA results diverge from the actual average of the entire manufacturing sector. Both the energy and output
indicators show significant deviations. The main explanations for the divergence are, first, that energy-intensive products such as pri-
mary materials have grown faster than average production value. In monitoring practice, there may be some bias towards adjusting
for energy-intensive products, to avoid negative effects on efficiency results. A second explanation is that statistics on the chemical
industries are unreliable and that no insight is provided by the entities responsible for monitoring. For example, no clear information
is available on the share of non-energy consumption and its impact on CO2 emissions.
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54 Ministry of Economic Affairs, Netherlands (1999): Long-term
agreements on energy efficiency, results (published annually).

55 OECD/IEA (1997) includes 47 case studies of successful energy-
efficiency improvement projects and policies.



their success or failure (Japan Energy Conservation Center,
1997). Comparisons between nations and companies and
benchmarking on energy efficiency indicators also raise aware-
ness and allow for better determination of efficiency potentials
(see also OECD/IEA, 1997; Fenden, 1998, p. 203; Phylipsen et
al., 1998, p. 230; ADEME-European Commission, 1999). Also,
improved accessibility to new technology information enhances
technology transfer. Information-based policies can also be
used to reveal low levels of performance.

Policy instruments to improve information are applied on three
levels. First, they are used to raise awareness of climate issues.
Governments communicate their targets and policy measures
to the public. The information may influence preferences to
contribute to GHG mitigation. Social marketing is becoming a
crucial instrument in creating an appropriate social environ-
ment for GHG emissions reduction policies (Legro et al.,
1999). Second, governments stimulate research to analyze cli-
mate issues and create mitigation opportunities that can be
widely applied. R&D generates new information on possibili-
ties and determines the technical potential. Information on the
economic situation (prices, taxes, interests rates, etc.) in turn
constrains the technical potential to what is commercially fea-
sible. Third, information instruments are used to help the
implementation of measures. They can assist the public in
making the right choices with respect to GHG mitigation.

There are several reasons for using instruments to further infor-
mation on climate issues. First, climate change involves com-
plex negative externalities, so the process of policymaking with
regards to GHG reduction needs broad support and understand-
ing. Second, information, once generated, can be widely used,
which is regarded as a reason for collective funding of its col-
lection, dissemination, and use. Many of the possible ways to
reduce GHG emissions are similar all over the world. Markets
for this information are not yet developed.

6.2.2.5.1 Education Programmes

Energy efficiency centres, government offices, utilities, equip-
ment vendors, professional organizations and associations,
educational channels, etc., deliver information on GHG reduc-
tion. Improved data and metering, energy audits and monitor-
ing, workshops and exhibitions, campaigns in the mass media,
education and training, efficiency and environmental labelling,
publications and databases are all typical instruments used to
enhance information dissemination.

Educational and training programmes may improve decision
making and can have long-lasting effects. Consumer education
is an important social marketing tool in implementing DSM
programmes (see Box 6.5).

Information campaigns are used as marketing elements in most
energy efficiency programmes. Typical examples of such cam-
paigns are:

• publications and advertising;

• broadcasting of special programmes on television and
radio;

• distribution of special brochures;
• creation of special easily accessible databases; and
• public awareness programmes, such as “Energy

Conservation Day” and “Energy Conservation Month”,
which are implemented on a regular basis at the nation-
al level in Japan and South Korea.

Publication of books and periodicals on energy-efficient tech-
nologies and systems, and energy efficiency success stories,
guidelines, and policies is another powerful information instru-
ment.56 Costs of information programmes vary according to
their scale, coverage of specific groups of customers, and use
of media.

6.2.2.5.2  Labelling

One instrument that is increasingly applied in the area of envi-
ronmental policy is environmental and energy efficiency
labelling. Labelling programmes can be mandatory or volun-
tary.57 Mandatory energy efficiency labels have long been estab-
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Box 6.5. Public Education Component of Poland Efficient
Lighting Project (OECD/IEA, 1997, p. 480)

The IFC/GEF Poland Efficient Lighting Project (PELP) was
designed to reduce emissions of CO2 and other GHGs emitted by
Poland’s electricity sector by stimulating the Polish consumer
market for energy-efficient compact fluorescent lamps (CFLs).
The public education component of PELP promoted the CFL sub-
sidy programme to the public by providing consumer information
on the benefits of energy-efficient lighting from a trustworthy,
non-industry source. The generic PELP advertising bore the logos
and endorsement of four respected Polish organizations. The
PELP logo featured in advertisements and on participating prod-
ucts, was promoted as a symbol by which consumers could iden-
tify energy efficient, high-quality products. PELP organized high-
level seminars for lighting professionals on technical and design
aspects of energy-efficient lighting. Finally, to educate tomor-
row’s consumers on the benefits of CFLs, PELP created an ener-
gy-efficiency curriculum for schools, and sponsored an art and
essay competition for schools on energy-efficient lighting.

56 The Russian Center for Energy Efficiency, for instance, since 1993
has published the “Energy Efficiency” quarterly bulletin. This stimu-
lated regional energy-efficiency legislation, policies, and programmes
in Russia. The bulletin is available on the Internet at http://www.glas-
net.ru/~cenef.

57 Mandatory labelling programmes are under implementation not only
at a national level (e.g., Energy Guide in the USA), but also interna-
tionally, such as “SAVE” in the EU. Voluntary labelling programmes
were also initially launched at the national level, such as “Blue Angel”
in Germany and “Power Smart” and “EcoLogo” in Canada, but then
some were internationalized (e.g. the originally US “Energy Star” pro-
gramme for office equipment was introduced in Japan).



lished in the USA, Japan, and South Korea, and recently in the
EU where they are part of appliance and automobile efficiency
legislation. Labels and marketing may have a pervasive impact
on consumers’ behaviour and the introduction of clean tech-
nology. Boxes 6.5 and 6.7 provide some examples of such
developments to illustrate how these phenomena work in prac-
tice. The strengths of energy efficiency and environmental
labelling are, first, that labels do not distort the market. Second,
in many instances they are voluntary for both the producer and
the consumer because the former is free to decide whether or
not to join the system and the consumer is free to decide
whether or not to buy the labelled product. Voluntary labels are
a non-official instrument, and may be instituted without the
usual delays associated with official policymaking. Third,
labels are usually based on considerable information exchange
among the various stakeholders, which may increase the over-
all acceptance of the instrument.

This is not to say, however, that energy efficiency and envi-
ronmental labelling do not have weaknesses. If all products
are labelled, the consumer must learn how to interpret the
label (e.g., do higher numerical values indicate a better or
worse product?). If products must meet a specified standard to
qualify for a label, only part of the market will be covered by
the labelled product. Competing labels for the same product or
less reliable labels may easily undermine the trust of the con-
sumers in the labelling instrument. This may turn out to be an
inherent limitation.

In sum, environmental labels represent an important tool to
create transparency in markets and thus give orientation to the
consumer. The overall success of this instrument, however,
will probably depend on the solution to the following dilemma:
if applied too strictly, market coverage may be too low for the
label to be effective; if applied too leniently, the environmental
effectiveness may be limited.

6.2.2.6 Subsidies and Other Incentives

6.2.2.6.1 Environmental Subsidies

A subsidy for GHG emissions reduction pays entities a specif-
ic amount per tonne of CO2eq for every tonne of GHG reduced
or sequestered. Such a subsidy encourages implementation of
measures to reduce emissions or enhance sequestration that are
less costly than the subsidy.

Under certain circumstances, a uniform subsidy can lead to the
same emissions reduction outcome as an equivalent uniform
tax. In theory, in an industry with homogeneous firms, both
taxes and subsidies (set at the same levels) yield exactly the
same outcome in the short run. In general, a tax is more effi-
cient than a subsidy because the subsidy can result in too many
firms in the industry, and thus an inefficient amount of both
pollution and goods associated with the pollution (Kolstad,
2000). This is always the case in the long run because a sub-
sidy lowers the average cost of production, while the tax

increases the average cost of production. In the short run, it is
also the case in an industry with heterogeneous firms. A sub-
sidy may allow some firms to continue operating that would
not continue in the case of a tax (those with average variable
costs above prices). Besides, a subsidy requires that revenue be
raised somewhere else in the economy, which can also produce
dead-weight losses.

An emissions reduction subsidy, like an emissions tax, does not
guarantee a particular level of emissions. Therefore, it may be
necessary to adjust the subsidy level to meet an internationally
agreed emissions commitment. In addition, criteria other than
efficiency, such as distributional impacts, are likely to influ-
ence the design of the emissions subsidy (or the combination
of subsidies and taxes in what is known as fee and/or rebate).
The distributional and competitiveness impacts help explain
why, in practice, some energy and emissions taxes are coupled
with tax exemptions or subsidies. Also, the use of subsidies for
environmental purposes may cause problems under WTO
agreements on subsidies and countervailing measures.

6.2.2.6.2 Research and Development Policies

Technological progress is mainly achieved in the private sec-
tor, through learning by doing, incorporating new findings
developed elsewhere into the production process, or through
firms own R&D activities. A major, and generally increasing,
part of funding of R&D expenditures is initiated by and in the
private sector itself (Table 6.1). Government funding of R&D
on energy has historically favoured nuclear and coal technolo-
gies (IEA, 1998a; OECD, 1998a). Research on renewable
energy and energy-efficient technologies is gaining ground, but
it is still a relatively small portion of R&D budgets in the
OECD. This is important when assessing what governments
can do to promote innovation. Perhaps governments can pro-
vide a reliable legal framework to protect research findings in
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Table 6.1: Public expenditures as percentage of gross domes-
tic expenditures on R&D (1985–1995) (OECD, 1998a)

Country/ region 1985 1990 1995
Public % Public % Public % 
of total of total of total

Overall OECD 43.0 37.8 34.5
USA 50.3 43.8 36.1
Canada 48.9 44.3 37.7
EU 44.4 40.9 33.1
UK 42.2 35.5 33.3
France 52.9 48.3 –
Japan 21.0 – 22.4
Germany 37.6 33.9 37.1
South Korea – 17.0 18.2
Czech Republic – 30.6 34.9
India 88.5 87.3 84.6



the area of energy efficiency improvement from being copied
elsewhere without compensation.58

6.2.2.6.3  Green Power

Green power policies establish mechanisms through which part
of the electricity supply (whether in a regulated or competitive
environment) must come from designated renewable energy
sources. Regulatory policy mandates include set-asides for
renewables, renewable portfolio standards (RPSs), and various
kinds of subsidies created from SBCs or renewable energy
funds. The cost of compliance for policy mandates is borne by
all consumers. Despite this 100% participation, however, the
policies may or may not be effective in stimulating renewable
energy generation, depending on how aggressive they are and
how they are implemented. Some examples are given in Boxes
6.6 and 6.8. To reduce the cost of compliance regulatory poli-
cy may be supplemented by tradable renewable energy certifi-
cates as described in Box 6.7.

Green power and green pricing programmes encourage con-
sumers to voluntarily pay a higher price for electricity generat-
ed from “green” (environmentally friendly) energy sources.
Green power products are offered by some suppliers where
electricity markets have been liberalized, while green pricing is
a green power option offered by the monopoly utility in juris-
dictions where consumers are not yet permitted to choose their
retail provider (Swezey and Bird, 2000). Green power market-
ing programmes are relatively new, dating from 1993, and are
being implemented in Australia, Canada, Germany,
Netherlands, Switzerland, UK, and USA (Markard, 1998;
Crawford-Smith, 1999; Holt, 2000a, 2000b).

In the USA, about 30 green power products are being market-
ed by 15 retailers in competitive states and about 140 electric
utilities offer a green pricing option that emphasizes wind or
photovoltaics (Holt and Wiser, 1998; Holt, 2000b). Market
penetration so far is low, a little over 1% on average, although
it reaches as high as 4%–5% for a few utility programmes
(Wortmann et al., 1996; Holt, 2000a, 2000b). Of those who
switch suppliers in competitive markets, some 20%–95%
choose a green power product (the higher percentage results
from significant renewable energy subsidies in California).

Wiser et al. (2000) assessed green power marketing pro-
grammes in the USA. They conclude that the collective impact
of customer-driven demand for renewable energy has been
modest to date, but that it is too early to draw definitive con-
clusions about the potential contribution of green power mar-
keting in the long run.

In support of green power marketing and of policies that man-
date renewable set-asides and RPSs, renewable energy certifi-
cates (also called credits, labels, or tags) may be traded sepa-

rately from green electricity. Whether renewable energy or
other environmental attributes should remain with the purchas-
er of the underlying commodity, or be sold to different entities,
is under debate. There are either plans for or limited experience
with tradable certificates in Belgium, Denmark, Italy,
Netherlands, UK, and USA, and it is likely to grow in impor-
tance (Benner, 2000; Rucker, 2000). Trading in renewable
energy certificates promises greater liquidity and potentially
lower costs to meet policy commitments and marketing claims.
An example is given in Box 6.7.

6.2.2.6.4  Demand-side Management

Information programmes are often applied in combination with
other initiatives (such as rebating in DSM programmes, energy
audits, labelling, and regulation). In the US cumulative electric
utility DSM spending to date is about US$15–20 billion. Close
to 60% of utility customers are served by such programmes.
Reductions in national electricity demand of 3%–4% percent
were achieved with these programmes (Hadley and Hirst,
1995; Eto et al., 1996). Studies on the efficiency of DSM pro-
grammes find that a large proportion of the reported conserva-
tion impacts are statistically observable after accounting for
economic and weather effects (Parfomak and Lave, 1997).

With utility restructuring and the emergence of electricity gen-
eration competition, the rationale of utility resource acquisition
has been greatly diminished. The new generation of pro-
grammes funded by SBCs emphasizes permanent market trans-
formation effects aimed at technology manufacturers, includ-
ing financial incentives paid directly to manufacturers, guaran-
teed minimum market sales for new energy efficient products,
and competitive technology procurement programmes.

6.2.3 Mixes of National Policy Instruments

Section 6.2.2 discusses various policy instruments to manage
GHG emissions in isolation. Various authors (e.g., Bernstein,
1993; Richards, 1998; Stavins, 1998b) argue that to select the
best approach to attain the environmental goal, various cost
and other aspects must be taken into account. These include
production costs, cost differences across sources, transaction
costs, monitoring and enforcement costs, implementation,
administrative costs, and other socio-economic conditions
idiosyncratic to each country. For these reasons, it can be antic-
ipated that in most countries GHG emissions will be managed
using a portfolio of policy instruments, rather than a single pol-
icy instrument. Furthermore, the portfolio of instruments is
likely to differ from country to country. Using a portfolio of
policy instruments enables a government to combine the
strengths, while compensating for the weaknesses, of individ-
ual policy instruments, thus improving overall effectiveness
and efficiency.

Under some conditions a combination of market-based and
information policies and regulations can improve economic
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58 For some additional remarks see also Section 6.5.3.



efficiency. Well-designed policies aimed at energy prices are
economically most efficient when transaction costs are low
and/or cannot be substantially reduced through market transfor-
mation policies. They also work best when the potential for
technological learning by doing is small or known with reason-
able certainty. Well-designed regulatory and incentives-based
policies aimed at factors other than energy prices are economi-
cally most efficient when the transaction costs are large and can
be substantially reduced at low administrative cost. They also
work best when the potential for technological learning by doing
is large. Virtually all end-use markets for energy efficiency suf-
fer from high transaction costs and related market problems.
Also, many energy efficiency and renewables technologies

exhibit large potentials for learning by doing. The most effective
and economically efficient approach to achieve lower energy
sector emissions is to apply market-based instruments, stan-
dards, and information policies in combination. Policies to
administer energy price changes provide a uniform signal to all
economic actors and overcome fragmentation. Standards and
information policies can move the economy closer to the fron-
tier of production possibilities, which raises total factor produc-
tivity.

Overriding non-economic reasons may also exist for combining
different types of policy instruments to manage GHG mitiga-
tion. First, the number and diversity of sources is large and even
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Box 6.6. Examples of Policies to Promote Renewables in a Liberalized Power Market

Renewables Set-aside
The UK has been promoting wind and other renewable energy technologies through its Non Fossil Fuel Obligation (NFFO; see Mitchell,
1995a, 1997). The renewable NFFO sets aside a certain portion of the electricity market to be supplied by designated renewable energy
technologies under a competitive bidding framework. Within each technology band (wind, biomass, landfills, solar, etc.) developers sub-
mit bids of proposed projects and the projects with the lowest cost/kWh price are awarded power purchase contracts. Regional electric-
ity companies are mandated to purchase power from NFFO-awarded renewable electricity generators at a premium price. The compa-
nies are reimbursed for the difference between the NFFO premium price and the average monthly power pool purchasing price through
the Fossil Fuel Levy (Mitchell, 1995a). The main weakness of the NFFO is that the implementation rate of approved projects is very low,
because bids have such low cost/kWh that they do not allow the profitable operation of projects. Moreover, the intermittent character of
NFFO rounds has precluded the development of a steady domestic market for renewable technologies (Michaelowa, 2000).

Renewable Portfolio Standard (RPS)
The RPS has received considerable attention in the USA. The RPS is similar to the NFFO concept in the UK, in that both are competi-
tive least-cost mechanisms. Unlike NFFO there is no funding levy. Under RPS, all retail power suppliers are required to obtain a certain
minimum percentage (e.g. 5%) of their electricity from specified renewable energy sources. Efficiency is obtained by allowing the mar-
ket to determine the most cost-effective solution for each electricity retailer (Radar, 1996; Haddad and Jefferis, 1999). State legislatures
and/or public utility commissions have approved various versions of RPS in several US states (Wiser, 1999b).

Production Subsidy and/or System-benefit Charges (SBCs)
Another support mechanism to promote renewables in a liberalized electricity market is a fee/kWh on all energy users to support renew-
able energy development. This charge is often referred to as SBCs (Haddad and Jefferis, 1999). In California, a total of US$540 million
collected from 1998 up to 2002 from electricity customers is directed to support existing, new, and emerging renewable electricity gener-
ation technologies (California Assembly Bill, 1996, AB 1890, Ch. 854, Sec. 381). In addition, nine other states in the USA have estab-
lished SBC policies under the restructuring of their electric utility industries to promote the use of renewables (Wiser, 1999b). Unlike in
NFFO and RPS, there is no supplier obligation.

Box 6.7. Green Certificates for Wind Energy in the Netherlands

Support for wind energy in the Netherlands has included both R&D grants and a variety of market-stimulation mechanisms. These
have included an integrated programme for wind energy, which provided subsidies of 35–40% of investment costs for newly built tur-
bines. Electricity distribution companies raised environmental levies to purchase wind generated kiloWatt hours for high guaranteed
prices (about US$0.07; Wolsink, 1996). More recently, however, significant changes have occurred in the Dutch renewable energy pol-
icy, reinforced by the liberalization of the electricity market. Most of the direct subsidies are now eliminated and other market-orient-
ed and fiscal mechanisms introduced. One such mechanism is the green certificates market, which started in 1998. By law, local ener-
gy distribution companies must purchase renewable electricity from independent power generators. Distribution companies issue
green certificates to the renewable generators equal to the amount of renewable kiloWatt hours sold to the grid. The renewable gen-
erator can then sell these green certificates on an open market to distribution companies that want to sell green-certified electricity
(Schaeffer et al., 1999). Green electricity is exempt from energy taxes, which will be raised to about US$0.06/kWh in 2001. The tax
exemption makes wind energy competitive with electricity from conventional sources, and thus the subsidies are obsolete.



the most comprehensive instruments (an emissions tax or a trad-
able permit system) is not suitable for all of these sources.
Second, the conditions needed to administer efficiently these
comprehensive instruments (e.g., a manageable number of par-
ticipants, but enough to create a competitive market for a trad-
able permit system) may reduce the scope of their application.
Third, different policy instruments can be used to distribute the
mitigation-cost burden across sources in ways that lessen oppo-
sition to the policy goal. Fourth, policy instruments have multi-
ple impacts, so different instruments and sets of impacts are pre-
ferred for different sources. Finally, governments have frequent-
ly adopted a portfolio of policies, rather than a single policy
instrument, to deal with complex environmental issues.

One important aspect in the policy analysis has been a shift of
attention from the assessment of single policy instruments to
questions of the optimal policy mix (OECD, 1996b). Assessing
the performance of particular environmental policy instru-
ments from historical evidence is difficult because these were
often combined in policy packages, as was the case with the

phase-down of leaded petrol in a number of European coun-
tries. Econometric analysis has been employed to separate out
the effects of individual policy instruments under such condi-
tions, but this is not always possible (Katsoulacos and
Xepapadeas, 1996; Boom, 1998).

6.3 International Policies, Measures, and Instruments

Although only Annex I Parties that have made commitments
under the Kyoto Protocol’s Annex B have quantified emissions
limitations, all Parties have committed to take climate change
considerations into account, to the extent feasible, in their rel-
evant social, economic, and environmental policies and actions
(UNFCCC, 1992, Article 4.1.f). It is recognized, however, that
non-Annex I Parties’ efforts to take actions that contribute to
national development and GHG emissions reduction may be
limited by capital constraints, lack of knowledge, or other fac-
tors. The UNFCCC and the Kyoto Protocol, therefore, include
several provisions that can help overcome such barriers, such
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Box 6.8. Renewable Energy Policy in India

Renewable energy (RE) sources were first recognized and incorporated in official policy documents in the early 1970s. Several nation-
al-level programmes for RE technologies have been initiated, for example, the National Project for Biogas Development (NPBD) with
a target of 1.5 million plants by 2001, a national programme for improved cook-stoves, a programme for mass demonstration of RE
sources like wind, solar, biomass, etc. The Ministry of Non-conventional Energy Sources (MNES) co-ordinates and implements the
RE policy at the national level with counter-part departments in the state governments. The Indian Renewable Energy Development
Agency (IREDA) operates a revolving fund for development, promotion, and commercialization of RE through the provision of soft
term financial assistance.

Under the New Strategy and Action Plan for RE, the following, two-pronged action plan was devised:
• High priority accorded to generation of grid-quality power from wind energy, small hydropower, bio-energy and solar energy.
• Rural energization programme is promoted through: 

− electrification of villages through photovoltaic and biomass gasifier power systems,
− supply of solar lanterns to unelectrified households,
− use of solar water heating systems, 
− rural energy programmes, for example, National Project on Biogas Development,
− production of energy from agricultural waste, etc.

Currently, a three-fold strategy has been pursued by the government for promotion of RE sources through private sector involvement.
These include:
• Providing budgetary resources by government for demonstration projects.
• Extending institutional finance from IREDA and other financial institutions for commercially viable projects, with private sector

participation; and external assistance from international and bilateral agencies. 
• Promoting private investment through fiscal incentives, tax holidays, depreciation allowance, facilities for wheeling and banking

of power for the grid and remunerative returns for power provided to the grid. The emphasis has shifted from direct financial incen-
tives (e.g., subsidies) to indirect fiscal incentives (e.g., low interest loans, financing packages for consumers, reduced tariff and
taxes, viable power-purchase prices, etc.). Some fiscal incentives include: accelerated 100% depreciation on specified renewable
energy based devices/projects, 100% tax deduction from profits and gains for first five years of operation, and 30% for the next
five years for industrial undertakings set up for generation and/or distribution of power.

The new policy for RE tried to give a focus on commercialization and, market orientation and to encourage greater private sector
involvement. Despite this there exists significant unexploited potential. The main barriers are: high initial and transaction costs, under-
developed markets and market-support infrastructure for RE products, weak linkages between market development and R&D, prod-
uct development not responsive to users’ needs, and the pricing of conventional energy sources (TERI, 2000).



as the provision that:
• All Parties are “committed to promote and co-operate

in the development, application and diffusion, includ-
ing transfer, of technologies, practices and processes
that control, reduce or prevent anthropogenic emissions
of greenhouse gases not controlled by the Montreal
Protocol in all relevant sectors, including the energy,
transport, industry, agriculture, forestry and waste man-
agement sectors” (UNFCCC, 1992, Article 4.1.c).

• Parties agreed to establish a financial mechanism “for
the provision of financial resources on a grant or con-
cessional basis, including for the transfer of technolo-
gy” (UNFCCC, 1992, Article 11.1).

Additionally,
• “The CDM created by the Kyoto Protocol creates an

incentive for (entities in and governments of) Annex I
Parties to assist the development and implementation of
climate change mitigation projects that contribute to
sustainable development in, and are approved by, a
non-Annex I Party” (UNFCCC, 1997, Article 12).

This section discusses the three Kyoto mechanisms: interna-
tional emissions trading (IET) (Article 17) in Section 6.3.1
(for some clarifying remarks, see also Section 6.1.3), and JI
(Article 6) and the CDM (Article 12) in Section 6.3.2.
Thereafter, the section deals with international transfers
(Section 6.3.3) and with the various other international poli-
cies, measures, and instruments (Section 6.3.4).

6.3.1 International Emissions Trading

If the Kyoto Protocol comes into force Annex I Parties will
have agreed to an allocation of AAs (here also called emission
quotas) of GHG emissions for the first commitment period,
2008 to 2012. Article 17 of the Protocol allows them to trade
part of these emission quotas among themselves in accordance
with rules currently being negotiated.59

IET implies that countries with high marginal abatement costs
(MACs) may acquire emission reductions from countries with
low MACs. In principle, such trading tends to equalize MACs
across these countries, so that an aggregate emissions reduc-
tion can be attained cost-effectively.60 Parties have not yet
decided whether IET based on Article 17 will be restricted to
governments or whether legal entities also will be allowed to
participate with the approval of their national governments. To

support compliance with their AAs after adjusting for trading,
governments may use any of the domestic policy instruments
discussed in Section 6.2 above.

Limiting all transactions to multilateral and potentially anony-
mous trade on an exchange would help IET move in the direc-
tion of becoming efficient and non-discriminatory. Bilateral
trading cannot be relied upon to reveal to others the true full
transaction prices (including undisclosed side-payments),
which is required to give all participants equal access to gains
from trade. Non-anonymous trading may eliminate transac-
tions between Parties who are in conflict with each other, thus
reducing market efficiency. Transparent, anonymous, and effi-
cient trading would be possible on a continuous stock-
exchange kind of market (Bohm, 1998). The scope for the
exertion of market power is small on such markets, contribut-
ing to efficiency (Smith and Williams, 1982).

According to Article 17 in the Protocol, “any such trading shall
be supplemental to domestic actions for the purpose of meet-
ing quantified emission limitation and reduction commit-
ments.” How to implement this provision is still under
debate.61 A restriction on free IET as a result of binding sup-
plementarity requirements could prohibit equalization of the
MACs across participating countries, and hence increase
aggregate abatement costs.62

It has also been argued that constraints on the use of IET and
the project-based Kyoto mechanisms (see also Section 6.3.2)
might accelerate technological innovation in Annex I countries
by increasing the relative price of alternative options for car-
bon mitigation. Limited analytical studies are inconclusive as
to whether such constraints will induce significant innovation,
but do suggest that they could reduce the flow of technology to
other countries.

An initial quota allocation that turns out to exceed a baseline
projection for a country’s emissions–possibly relevant for
some signatories of the Kyoto Protocol with substantial
changes in political and economic systems since 1990–implies
that sales of AA units (AAUs) will exceed emission reductions
because of active climate mitigation policies, sometimes
referred to as “hot air”. Restricting trade of “hot air”, as some
Parties have proposed, would force larger reductions in emis-
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61 Each of the mechanisms, not just IET, includes a so-called supple-
mentarity provision, although the wording differs in the case of the
CDM. Some Parties have proposed rules to address supplementarity
that apply an overall limit on the use of the three mechanisms, rather
than a separate limit for each mechanism.

62 For a preliminary estimate of the cost implications of the EU pro-
posal for the definition of supplementarity, see Baron et al. (1999),
Bernstein et al. (1999), Criqui et al. (1999), and Ellerman and Wing
(2000). See Woerdman (2000) and Michaelowa and Dutschke (1999a)
on additional reasons for supplementarity. 

59 With sufficient incentives, some non-Annex I Parties may ask to
join in IET, replacing their expected use of the CDM, which is dis-
cussed in Section 6.3.2.2 (Barros and Conte Grand, 1999; Bohm and
Carlén, 2000; Montero et al., 2000).

60 For illustrations of the potential gains from IET, see Bohm (1997),
Manne and Richels (1999), and Weyant and Hill (1999).



sions by countries that would otherwise import emissions quo-
tas during the first commitment period.63 In addition, con-
straints on hot-air trading, other things being equal, would
make the Protocol less beneficial for some countries with “hot
air” allocations (Bohm, 1999).

Emissions trading creates a risk that sellers of AAUs might not
undertake the emissions reductions that their sales require, in
spite of the political costs of non-compliance and despite the
sanctions to be instituted. Several options that provide Annex I
Parties with an incentive to transfer only part of their AAUs
that are surplus to their compliance needs are under considera-
tion. Such options, called liability provisions, are discussed in
Section 6.3.5.3. Liability provisions are intended to enhance
environmental integrity and are also necessary for the func-
tioning of the market.

6.3.2 Project-based Mechanisms (Joint Implementation
and the Clean Development Mechanism)

Project-based mechanisms allow actions that reduce GHG
emissions from, or enhance sinks beyond, what would other-
wise occur to receive “credits” for the emissions mitigated;
these credits can be used by Annex I Parties to help meet their
emissions limitation commitments. These mechanisms include
technology transfer and provide opportunities for mutual co-
operation. JI involves emissions reduction or sink enhancement
projects in Annex I countries. CDM involves emissions mitiga-
tion projects in non-Annex I countries.64 Central to these mech-
anisms is the operational definition of what emissions would
have been in the absence of the project; the baseline from which
emission reductions (or sink enhancements) are measured. This
section focuses on setting the baselines for crediting.

6.3.2.1  Joint Implementation (Article 6)

Article 6 of the Kyoto Protocol allows an Annex I country to
contribute to the implementation of a project to reduce emis-
sions (or enhance a sink) in another Annex I country and to
receive emission reduction units (ERUs) equal to part or all of
the emission reduction (sink enhancement) achieved. The
ERUs received by the investor country can be used to help
meet its national emissions limitation commitment.

In the case of JI, some analysts have suggested that an inde-
pendent authority responsible for approving the project base-

line is needed in addition to the Parties’ approval of the project.
Others argue that the host government has an incentive to
ensure that ERUs are issued for real emission reductions only
if the government is bound to strong and credible penalties for
non-compliance (see also Section 6.3.5).

Numerous issues related to JI remain to be agreed, including:
• host and project eligibility;
• the possibility of awarding ERUs for emission reduc-

tions from JI projects prior to the start of the first com-
mitment period (see Parkinson et al., 1999);

• monitoring, verification, and reporting requirements;
• baseline updating frequency;
• ERU approval, registry, and trading conditions;
• supplementarity provisions; and
• incentives for compliance.

6.3.2.2 The Clean Development Mechanism (Article 12)

The purposes of the CDM are to assist non-Annex I Parties to
achieve sustainable development and to contribute to the ulti-
mate objective of the Convention while assisting compliance
by Annex I Parties (UNFCCC, 1997, Article 12.2). The CDM
allows a project to reduce emissions, or possibly to enhance
sinks, in a country without a national commitment to generate
certified emission reductions (CERs) equal to the reduction
achieved.65 Annex I Parties can use CERs to meet national
emissions limitation commitments. In contrast to JI, for which
there is little peer-reviewed literature, the literature is rapidly
growing on the CDM (Goldemberg, 1998; Michaelowa and
Dutschke, 1998; TERI, 1998; Hassing and Mendis, 1999;
Jepma and van der Gaast, 1999; Haites and Yamin, 2000).

A process for independent review of the certification of the
emission reductions achieved is necessary for the credibility of
the CDM. Article 12.4 establishes an executive board for the
CDM and Article 12.5 specifies that emission reductions must
represent real, measurable, and long-term benefits related to
the mitigation of climate change and be certified by designat-
ed operational entities. The certification process and the
respective roles of the operational entities and the executive
board remain to be defined, but they will be critical.

The host government must approve proposed CDM projects.
As part of its approval process it will need to assess whether
the proposed project contributes to sustainable development
(Matsuo, 1998; Begg, et al., 2000). Some Parties have pro-
posed criteria or procedures that the host government be
required to follow when determining whether a project con-
tributes to sustainable development of the country (see also
Thorne and La Rovere, 1999; Chadwick, et al., 2000; Begg, et
al., 2000).
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63 The EU proposal to address supplementarity, for example, includes
a provision that limits the transfers of quotas and thereby limits the
trade of “hot air”. Restricting trade of “hot air” allows these AAs to be
banked for use or sale during future commitment periods, thus reduc-
ing the cost of compliance from what it otherwise would be during the
future periods.

64 Whether sink-enhancement projects are eligible under the CDM is
still being negotiated.

65 How CDM projects can be financed is still being negotiated. See
Haites and Yamin (2000) for a summary of options.



Investments in CDM projects by Annex I governments could
lead to a reduction in their official development assistance
(ODA).66 The effect of government investment in CDM pro-
jects on the level of ODA will be difficult to determine since
the level of ODA in the absence of CDM projects is unobserv-
able. However, historical figures compiled by the OECD
Development Assistance Committee could be used to try to
deal with this.

Article 12.8 specifies that a share of the proceeds from CDM
projects will be used to cover administrative expenses and to
assist developing country Parties that are particularly vulnera-
ble to the adverse effects of climate change to meet the costs of
adaptation. Articles 6 and 17 do not impose a comparable levy
on JI projects or international transfers of AAUs, although a
number of developing countries have proposed that the levy be
applied to all three mechanisms.

CDM projects can begin to create CERs upon ratification of
the Kyoto Protocol. The advantage is that it supports develop-
ing countries obtaining access to cleaner technologies earlier. It
means that a supply of CERs should be available prior to the
start of the 2008 to 2012 commitment period when they can be
used by Annex I Parties.67 Parkinson et al. (1999) argue that
creation of CERs during 2000 to 2007, which are credited
towards 2008 to 2012 compliance, increases the emissions tra-
jectories of Annex I countries for 2000 to 2012. They estimate
that increased Annex I emissions offset 30–60% of the CERs
created during 2000 to 2012.

Some analysts argue that the CDM facilitates the transfer of
CERs from low-cost emission reduction actions to Annex I
investors when they might subsequently be needed by the host
government to meet a future emissions limitation commitment.
However, this assumes a fixed stock of emission reduction
actions. In practice, the stock of possible emission reduction
(or possibly sink enhancement) actions changes over time in
response to turnover of the capital stock, technological change,
and other developments. Rose et al. (1999) analyzes the opti-
mal strategy for a host government given a dynamic stock of
potential projects.68

Numerous issues related to implementation of the CDM
remain to be negotiated, including:

• host and project eligibility;
• eligibility of sequestration actions;
• demonstrating contribution to sustainable develop-

ment;
• project financing arrangements;
• monitoring, verification, and reporting requirements;
• baseline establishment;
• CER certification, registry, and trading conditions;
• the share of proceeds for administrative expenses and

adaptation assistance;
• adaptation assistance fund administration;
• supplementarity provisions;
• executive board composition and responsibilities;
• process for designation of operational entities; and
• penalties for non-compliance.

6.3.2.3 Baselines

Credible project-based mechanisms under the Kyoto Protocol
require the achieved net emission reduction (sink enhance-
ment) to be determined.69 The reduction is defined as the dif-
ference between what emissions (sequestration) would have
been in the absence of the measure, the baseline, and actual
emissions (sequestration). Thus, the baseline is an estimate of
a situation that will never exist (Bohm, 1994; Jepma et al.,
1998; Kerr, 1998; Begg et al., 1999).

Since the true baseline can never be observed, a baseline from
which emission reductions are calculated may be estimated
through reference to emissions from similar activities and tech-
nologies in the same country or other countries, or to actual
emissions prior to project implementation.70 Although this
judgement is exercised through review by qualified, indepen-
dent experts, possibly by stakeholders (such as environmental
organizations), and by an entity with the final decision author-
ity, the baseline will be an approximation of the counterfactu-
al.71 One way to reduce baseline uncertainty may be to limit
the crediting period or to issue credits for only a fraction of the
estimated emission reductions. However, this reduces the
investors’ interest in financing the projects.

Baseline determination requires a trade-off between the trans-
action costs of certification and the environmental costs of
adverse selection, adjustments for increased emissions at other
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66 Therefore, some developing countries have proposed that a finan-
cial additionality requirement, which currently exists for the AIJ pilot
phase and states that ODA funds should not be invested in such pro-
jects, should be extended to include the CDM. This view is not nec-
essarily shared by all Parties.

67 Estimates of the potential of the CDM are mounting (see, e.g.,
Austin et al., 1998; Ellerman and Decaux, 1998; Zhang, 1999a), but
the estimates are very sensitive to the rules applied for the CDM and
the other Kyoto mechanisms.

68 Contractual options to address this concern are available as well; the
host government can insist on an option to acquire the right to future
CERs from a project without cost at a specified future date, such as
2013.

69 Note that the eligibility of sink enhancement projects under the
CDM is still being negotiated.

70 Harrison and Schatzki (2000) examine how baselines are estab-
lished for several environmental and energy programmes in the USA.

71 Parkinson et al. (2000) have estimated the range of uncertainty in
estimates of emissions reduction because of the counterfactual nature
of the baseline (based on a number of AIJ energy sector projects) to
be between ±35% and ±60% depending on the project type.



locations caused by the project (leakage), moral hazard, and
changes over time in contextual economic, technological, and
institutional conditions. Several options for baseline method-
ologies to try to deal with these trade-offs–including sectoral
benchmarks, dynamic baselines, and selective eligibility of
project types–are discussed in the literature (Chomitz, 1998;
Hargrave et al., 1998; Jepma, 1999; Michaelowa and
Dutschke, 1999a; NEDO, 2000). In addition, numerous
IEA/OECD and other studies have been published on stan-
dardization of baselines for specific sectors.72

Also several options for baseline determination have been pro-
posed in the literature (Chomitz, 1998; Hargrave et al., 1998;
Jepma, 1999; Michaelowa and Dutschke, 1999a; NEDO,
2000). Several of these proposals try to deal with the issues of
adjustment for increased emissions at other locations (leakage)
and changes to the baseline over time.

Regardless of the method used to develop the project baseline,
the partners involved in the project, excluding the JI host gov-
ernment, have an incentive to propose a baseline that yields as
large a reduction as possible (Bohm, 1994; Wirl et al., 1998).73

Baseline inflation would increase the number of credits creat-
ed and raise the return to investors and/or the host firm or coun-
try. To minimize the risk of baseline inflation, an independent
body with the authority to review certifications could be iden-
tified or created. In the case of the CDM the entity with the
authority to make the final decision will be the Operating
Entity, in accordance with the executive guidelines, or the
Executive Board, or the CoP/MoP (Meeting of the Parties). In
the case of JI the entity will be the host government.74 The
process adopted by the independent body would also determine
the transaction costs involved in defining baselines.

6.3.2.4 Experience with Activities Implemented Jointly

Decision 1/CP5 of CoP1 in 1995 established a pilot phase for
emissions reduction projects called Activities Implemented
Jointly (AIJ). AIJ projects cannot create credits that can be
used by Parties to meet commitments under the Convention or
the Kyoto Protocol. This is a crucial difference between AIJ
and JI or CDM projects. Table 6.2 summarizes the characteris-
tics of AIJ projects.

Dixon (1999) provides a comprehensive review of the experi-
ence with AIJ projects and the implications for JI and CDM
projects, illustrating the valuable experiences gained in project
baseline development and monitoring. However, several
authors argue that AIJ projects may not be representative of
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72 For example, recent OECD/IEA baseline study references are:
“Revised Framework for Baseline Guidelines”, “Multi-Project
Emission Baselines: Iron and Steel Case Study”, “Multi-Project
Emission Baselines: Final Cement Case Study”, “Multi-Project
Emission Baselines: Forestry Status Report”, “Multi-Project Emission
Baselines: Final Case Study on Energy Efficiency”, Multi-Project
Emission Baselines: Final Electricity Case Study”, and “Case-Studies
on Baselines for the Project-Based Mechanisms” (see
http://www.oecd.org).

73 Parties may not respond to these incentives, for instance, if such a
response is incompatible with good business practices or would gen-
erate public criticism.

Table 6.2: Characteristics of activities implemented jointly projects

Number of projects 94 Annex I countries: 68; non-Annex I countries: 26

Investors Public sector: 61; private firms: 32

Project types Renewable energy: 44%; energy efficiency: 38%; forestry or agriculture: 15%

Project life (years) 16.5a Range: 1 year to 60 years

Average emission reduction (tCO2eq) 1,658,320 Range:  13 × 106 to 57,467,271 (tCO2eq)

Average investment US$6,298,065 Range: US$73,000 to US$130,000,000

Total investment US$558,000,000b

Average cost of emission reductions Annex I: US$97/tCO2eq; excluding “expensive” projects: US$26/tCO2eq

Other: US$158/tCO2eq; excluding “expensive” projects: US$9/tCO2eq

Source: Woerdman and van der Gaast, 1999.
aAverage lifetime of projects considered.
bTotal investment in all projects considered.

74 The host government for JI projects has an incentive to minimize
baseline inflation only if it faces effective penalties for non-compli-
ance. Otherwise the benefits from the project could exceed the penal-
ties because of non-compliance. If the penalties for non-compliance
by Annex I Parties are weak or poorly enforced, JI projects could be
subject to an international review process with authority to establish
the quantity of ERUs issued and/or the ERUs could be incorporated
into the liability provisions (see Section 6.3.5.3).



future JI and CDM projects (JIQ, 1998; Trexler, 1998;
Woerdman and van der Gaast, 1999). Others suggest that AIJ
projects provide limited guidance on how to establish baselines
for emissions reduction or sequestration projects (Ellis, 1999;
Lile et al., 1999).

6.3.3 Direct International Transfers

The UNFCCC states that Annex II Parties (basically Annex I
Parties except for the Parties in Central and Eastern Europe) shall
provide new and additional financial resources, including the
transfer of technology, needed by the developing country Parties
to meet the agreed full incremental costs of implementing mea-
sures taken under the Convention and that are agreed between a
developing country Party and the international entity or entities
referred to in Article 11 of the Kyoto Protocol (UNFCCC, 1997,
Article 11). So, the extent to which developing country Parties
effectively implement their commitments under the Convention
will depend on the effective implementation by developed coun-
try Parties of their commitments under the Convention related to
financial resources and transfer of technology.

6.3.3.1 Financial Resources

Sustainable development requires increased investment, for
which domestic and external financial resources are needed,
particularly for developing countries (UN, 1992, Agenda 21,
Chapter 34). In its Resolution 44/228 of 1989 giving a mandate
to the convening of the UN Conference on Environment and
Development (UNCED) in Rio de Janeiro, the UN General
Assembly notes, inter alia: “that the largest part of current
emission of pollutants into the environment originates in devel-
oped countries, and therefore recognizes that those countries
have the main responsibility for combating such pollution”,
and that “new and additional financial resources will have to be
channelled to developing countries in order to ensure their full
participation in global efforts for environmental protection.”
Developed country Parties reaffirmed their commitments in the
related provisions of the Kyoto Protocol. “The implementation
of these existing commitments shall take into account the need
for adequacy and predictability in the flow of funds and the
importance of appropriate burden sharing among developed
country Parties” (UNFCCC, 1997, Article 11).

Accordingly, Agenda 21 (UN, 1992, Chapter 33, especially its
15th Section) carries the consensus formulation that for devel-
oping countries: “ODA is a main source of external funding,
and substantial new and additional funding for sustainable
development and implementation of Agenda 21 will be
required.” In practice, however, there has been a clear trend of
a continuing decline in ODA levels since UNCED. Total ODA
dropped from 0.35% of total gross national product of the
developed countries in 1991 to 0.29% in 1995, with further
declines in 1996 and 1997 (OECD, 1998c). Some developed
countries are contributing to solving the environmental prob-
lems that developing countries face with financial resources

other than ODA. For instance, the Japanese government is
implementing the Green Aid Plan that aims to achieve both
economic development and environmental protection in devel-
oping countries in Asia. Most developing countries maintain
that a sufficient level of financial resources is key to effective
implementation of Agenda 21 and is a priority issue to be
resolved to enable the implementation of the global consensus
reached at the UNCED.

6.3.3.2 Technology Transfer

The transfer of environmentally sound technologies from
developed to developing countries has come to be seen as a
major element of the global strategies to achieve sustainable
development and climate change mitigation. Article 4.5 and
other relevant provisions of the UNFCCC (UNFCCC, 1992)
clearly define the nature and scope of the technology transfer,
which includes environmentally sound and economically
viable technologies and know-how conducive to mitigating and
adapting to climate change. Technology transfer implemented
through the financial mechanism of the UNFCCC is to be “on
a grant or concessional basis”, on non-commercial terms. The
Parties included in Annex II “shall take all practicable steps to
promote, facilitate and finance, as appropriate, the transfer of,
or access to, environmentally sound technologies and know-
how to other Parties, particularly developing country Parties, to
enable them to implement the provisions of the Convention.”
Article 10, paragraph (c) of the Kyoto Protocol (UNFCCC,
1997) reiterated that all Parties shall: “co-operate in the pro-
motion of effective modalities for the development, application
and diffusion of, and take all practicable steps to promote, facil-
itate and finance, as appropriate, the transfer of, or access to,
environmentally sound technologies, know-how, practices and
processes pertinent to climate change, in particular to develop-
ing countries, including the formulation of polices and pro-
grammes for the effective transfer of environmentally sound
technologies that are publicly owned or in the public domain
and the creation of an enabling environment for the private sec-
tor, to promote and enhance the transfer of, and access to, envi-
ronmentally sound technologies.”

Three conditions have to be fulfilled for an effective transfer of
technologies. First, the technology holder country must be
willing to transfer the technology. Second, the technology must
fit into the demand of the recipient country. Third, the transfer
must be made at reasonable cost to the recipient. The IPCC
Special Report on Technology Transfer (IPCC, 2000) identifies
various important barriers that could impede environmental
technology transfer, such as:

• lack of data, information, and knowledge, especially on
“emerging” technologies;

• inadequate vision about and understanding of local
needs and demands; and

• high transaction costs.

Some analysts argue with respect to the third item that the tech-
nology should be provided on favourable terms and therefore on
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non-commercial conditions, strictly separated from traditional
technology transfers, and supported by government funding.

In fact, Agenda 21 (UN, 1992) states that “governments and
international organizations should promote effective modalities
for the access and transfer of environmentally sustainable tech-
nologies (ESTs) by means of activities, including the formula-
tion of policies and programmes for the effective transfer of
ESTs that are publicly owned or in the public domain.” The
major role of the government could be to supply EST research
and develop funds to transfer publicly owned technology to
developing countries. In this regard, the Commission on
Sustainable Development, at its fifth session, concluded that: “a
proportion of technology is held or owned by Governments and
public institutions or results from publicly-funded research and
development activities. The Government’s control and influ-
ence over the technological knowledge produced in publicly-
funded research and development institutions opens up a poten-
tial for the generation of publicly-owned technologies that
could be made accessible to developing countries, and could be
an important means for Governments to catalyze private sector
technology transfer.” In all countries the role of publicly fund-
ed R&D in the development of ESTs is significant. Through
both policy and public funding, the public sector continues to
be an important driver in the development of ESTs.

An additional role of the government is to make the legal pro-
visions for the transfer of ESTs (including checking on abuse
of restrictive business practices (Raekwon, 1997)). Good gov-
ernance creates an enabling environment for private sector
technology transfer within and across national boundaries.
Although many ESTs are in common use and could be diffused
through commercial channels, their spread is hampered by
risks such as those arising from weak legal protection and inad-
equate regulation in developed and developing countries.
However, many technologies that can mitigate emissions or
contribute to adaptation to climate change have not yet been
commercialized. Beyond an enabling environment, it will take
extra efforts to enhance the transfer of those ESTs (IPCC,
2000). It should also be recognized that the effective transfer of
ESTs requires substantial upgrading of the technological
capacities in the developing countries (TERI, 1997) (see also
Chapters 5 and 10).

6.3.4 Other Policies and Instruments

6.3.4.1 Regulatory Instruments

There are two ways to apply regulatory instruments interna-
tionally. One is to establish uniform standards for various prod-
ucts and processes for adoption by countries that participate in
an international emission reduction agreement. There are sev-
eral reasons why establishing uniform international standards
for GHGs reduction is unlikely; for example, it is difficult to
achieve agreement on the appropriate standards by affected
interest groups in participating countries, and such an approach

would limit the domestic policy choices of individual coun-
tries. The second way is to adopt fixed national emission lev-
els (non-tradable emission quotas) for participating countries.
These national emission limits can be considered performance
standards that each country must meet through domestic
action. This leads to inefficiency because marginal emission
abatement costs differ among countries (IPCC, 1996, p. 404).

6.3.4.2 International and Harmonized (Domestic) Carbon
Taxes

An international carbon tax, payable to an international agency,
or domestic carbon taxes harmonized across countries, offer
potentially cost-effective means of obtaining CO2 reductions
(IPCC, 1996, 11.2.2.2).75 By associating a uniform price with
carbon emissions in every country, only reductions that cost
less than the tax will be implemented, assuming that the tax is
implemented perfectly. To provide a common price signal in all
countries, the new carbon tax may need to be differentiated
across countries to account for existing domestic fuel taxes and
revenue constraints (Hoel, 1993). Providing a common price
signal to all sources subject to the tax also requires that all
countries refrain from policies that directly or indirectly offset
the tax (such as subsidies or regulations).

The revenue raised by an international carbon tax must be
redistributed or used in an agreed manner. It is likely to be dif-
ficult to obtain an agreement on the share of the revenue that
each country should receive. Harmonized domestic taxes avoid
this difficulty by letting each country keep the revenue it col-
lects. In practice, it is difficult also to achieve agreement on
minimum levels of harmonized carbon and/or energy taxes
high enough to impact carbon emissions significantly. Political
pressures to combine tax proposals with exemptions for spe-
cific sectors contribute to this difficulty and, if accepted,
reduce the efficiency and effectiveness of the tax.

International or harmonized taxes provide greater certainty
about the likely costs of an emissions reduction programme,
compared with a similarly designed international emissions
trading programme (Toman et al., 1999). This advantage can
also be obtained by a hybrid policy, consisting of domestic
emissions trading programmes coupled with a harmonized
“trigger price”, at which countries would sell additional per-
mits domestically (McKibbin and Wilcoxen, 2000). The hybrid
policy sets an upper bound on the marginal cost of abatement
(like a carbon tax), but otherwise operates like an emissions
trading programme. For a discussion of the pros and cons of
such a hybrid system, see Sections 6.2.2.2 and 6.2.2.3.

The two major concerns about international price-based poli-
cies are the emissions levels, and the feasibility of internation-
al agreement:

Policies, Measures, and Instruments430

75 To improve efficiency a tax should be applied to as many sources
of GHG emissions as feasible.



• The first concern is that price-based policies (taxes or
hybrid systems) fail to guarantee particular emissions
levels if it is not possible to adjust the tax rate frequent-
ly to achieve emission reductions in accordance with the
set targets. If one assumes, for instance, that taxes are
the only instrument used to fulfil the Kyoto Protocol
commitments, in practice they most likely cannot guar-
antee that emissions commitments will be fulfilled
either in the aggregate and/or for individual countries.

• The second concern is that an international agreement
involving international or domestically harmonized
taxes may be more difficult to negotiate than one
involving emissions quotas. Wiener (1998) argues that
the voluntary assent nature of international agreements
means that nations must be made better off to partici-
pate, unlike domestic policies for which individuals can
be coerced. While in theory international or domesti-
cally harmonized taxes can be combined with side 
payments to compensate losers, in practice such side
payments are difficult to negotiate and tend to intro-
duce dynamic inefficiencies since individual firms (and
countries) do not bear the full social cost of their 
activities (Mestelman, 1982; Baumol and Oates, 1988;
Kohn, 1992).76

Cooper (1998) takes the opposite position, arguing that taxes
are the more feasible international approach. He argues that
because of their rising contribution to global emissions, the par-
ticipation of developing countries is essential for the long-term
success of a programme to stabilize GHG concentrations in the
atmosphere. He argues that it may be impossible to forge an
agreement between rich and poor countries on the allocation of
future quotas. Instead, “mutually agreed-upon actions”, such as
nationally collected emission taxes, are the logical alternative.

6.3.4.3 Standardization of Measurement Procedures

Several efforts are underway to standardize measurement pro-
cedures. For example, in the automotive industry, manufactur-
ers from Europe, Japan, and the USA, jointly with respective
governments, are trying to harmonize exhaust emission mea-
surement methods for heavy-duty diesel vehicles (such as actu-
al running conditions, measurement equipment, and proce-
dures) by 2006. If successful, the automobile manufacturers’
association intends to ask their respective governments to man-
date the outcome.

Other international standards are set by the Organization for
International Standardization (ISO). The ISO has begun to

establish international Environmental Management standards
in its 14000 series. The first standard among them (ISO 14001,
Environmental Management Standard or EMS) was published
in 1996 (ISO, 1996).

ISO environmental standards are framework standards and do
not set any performance standards. They are flexible to facili-
tate application by a wide variety of organizations throughout
the world. An organization can select any environmental
aspects (such as emissions to air and/or water, ozone depletion,
climate change, etc.) it considers important for its activities.
This means that the standards may be effective as tools to cope
with global warming if they are utilized for that purpose. In
December 1997, the Climate Technology Initiative (CTI) of the
OECD and the ISO issued a Joint Statement concerning the
potential contribution of international standards to climate
change (ISO, 1998a). In 1998, ISO established a Climate
Technology Task Force to review the application of the ISO
14000 series to climate change (ISO, 1998b).

In January 2000, ISO’s Technical Management Board estab-
lished an Ad Hoc Group on Climate Change (AHGCC) to
develop a comprehensive ISO strategy for climate change.
While ISO has not ratified a climate change strategy, the
AHGCC has identified several areas in which the development
and use of ISO standards may help facilitate implementation of
the UNFCCC and its Kyoto Protocol, including (among oth-
ers):

• codes of practice and guidelines for accreditation bod-
ies and operational entities;

• CDM project validation, verification, and/or certifica-
tion standards; and

• GHG measurement, monitoring, and reporting stan-
dards.

6.3.4.4 International Voluntary Agreements with Industry

Several voluntary initiatives that have an international impact
have been identified. For instance, various multinational firms
have undertaken voluntary actions to cope with climate
change, including setting up emissions trading systems and
engaging in trades.

A VA was concluded in July 1998 between the EC and the
European Automobile Manufactures Association (ACEA). The
EC subsequently negotiated a similar agreement with Japanese
and Korean car manufacturers. The agreements are expected to
reduce CO2 emissions from new cars in 2008 by 25% below
the 1995 level. Implementation is contingent on several pre-
conditions, such as fuel quality improvement. The EC has been
engaged in discussions with European industry associations
regarding a possible VA on energy efficiency in televisions and
videocassette recorders (EEA, 1997).

The United Nations Environment Program (UNEP) Statement
by Financial Institutions on the Environment and Sustainable
Development and the UNEP Insurance Initiative may be clas-
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76 Unlike side payments on a lump-sum basis, which remain efficient,
side payments and/or subsidies determined by emission levels are not
(because then the environmental impact of the original policy measure
would be reduced). In the case of a tradable quota regime, the side
payments take the form of more generous quota allocations, which are
efficient, unless they are tied to emission levels.



sified as international VAs. Banks and insurance companies
that sign these initiatives have to pay attention to environmen-
tal protection in their management and in their product selec-
tions and operations. These initiatives are not binding and no
monitoring of conduct has been carried out. In addition, the ter-
ritorial distribution of the signing banks and insurance compa-
nies is uneven; participation from developing countries and the
USA is rare, and no Japanese banks signed the Financial
Institutions Initiative.

Some domestic VAs may evolve as de facto international VAs.
The Energy Star programme began in 1992 as a voluntary part-
nership between the US DOE, the US Environmental
Protection Agency, product manufacturers, and others. Partners
promote energy efficient products by labelling them with the
Energy Star logo and educating consumers about the benefits
of energy efficiency.77 A similar programme has started in
Japan, and several European governments and manufacturers
are considering setting up similar programmes. No analyses of
the costs and impacts of these programmes are available.

6.3.5 International Climate Change Agreements: 
Participation, Compliance, and Liability

6.3.5.1 Participation

One of the concerns in the economics literature on environ-
mental agreements (including the UNFCCC and Kyoto
Protocol) has been with increasing participation. The most
obvious way in which international agreements seek to increase
participation is by means of a minimum participation clause.
This is an article that specifies the agreement will not be bind-
ing on any of its Parties until a large enough number of coun-
tries–and, sometimes, particular countries or types of coun-
tries–have ratified the agreement. The minimum participation
clause effectively makes the obligations of each of its signato-
ries a (non-linear) function of the total number of signatories.

The minimum participation clause can serve as a strategic
device, but this need not always be the case. Suppose that the
minimum participation level is given as k+. Then, if the actual
number of signatories is k, and k < k+ – 1, accession by a non-
signatory neither costs this country anything nor confers upon
it any advantage. This is because the agreement would not yet
be binding on this country. However, if k = k+ – 1, then acces-
sion has a non-marginal effect on the environmental problem,
for the accession will mean that all of the k+ countries must
undertake the measures prescribed by the treaty. One way to
sustain full co-operation would be to set k+ equal to the total
number of countries affected by an environmental problem
(i.e., all countries), while ensuring that every potentially par-
ticipating country is better off with the agreement than without
it. Obviously, the threat not to undertake any abatement for a

smaller value of k can be an important incentive for countries
that consider joining the agreement to actually do so (because
they believe that free-riding doesn’t pay). It is therefore
extremely important that this threat be credible. However, in
the vast majority of cases it will not be (Hoel, 1993; Carraro
and Siniscalco, 1993; Barrett, 1994).

More importantly, the actual number of Parties to an agreement
usually exceeds the minimum participation level, which is
another reason why the above threat mechanism cannot be
used to deter free-riding. The minimum participation level
clause may rather serve as a co-ordinating device than as an
actual incentive to join the agreement.

The point, however, is that while agreements must offer some
alternative means for deterring free-riding, often they do not.
The literature on international environmental agreements
therefore predicts that participation will be incomplete, and it
often is. One of the few agreements that disproves this general
rule is the 1987 Montreal Protocol on Substances that deplete
the ozone layer (UNEP, 1987; revised and amended in 1990
and 1992). The revised Protocol contains provisions that con-
trol trade between Parties and non-Parties to the regime.
Coupled with the financial resources available to developing
countries Parties that are not available to non-Parties, the
Party–non-Party trade provisions are widely cited as a major
factor in explaining the near universal participation in the
ozone regime (Rowlands, 1995). See also Chapter 10 for a fur-
ther discussion on participation in international regimes.

6.3.5.2 Compliance

The bulk of environmental agreements cannot operate the
financial “carrots” and/or trade restriction “sticks” illustrated
by the ozone regime (Wiser, 1999a). The key question therefore
becomes: how can compliance by all Parties be secured, given
the consensual basis of international law and the reluctance of
Parties to endow international bodies with legal authority to
enforce the international commitments Parties have (freely)
undertaken against them? The UNFCCC has near universal
participation based on the traditional consensual approach but-
tressed by provisions that aim to facilitate developing country
participation through the provision of financial and technolog-
ical resources. The general nature of the commitments con-
tained in the Convention would, in any case, prove difficult to
enforce. These factors explain why Parties have not endowed
the supreme body of the Convention, the CoP, with the author-
ity to impose legally binding consequences on a Party in the
event of non-compliance. Thus at present, no legal body exists
to enforce compliance in the climate change context. 

The quantified, legally binding commitments of the Kyoto
Protocol pose a different challenge (Werksman, 1998). In the
period after Kyoto, the majority of Parties signalled a clear
desire to move towards a compliance system based on legally
binding consequences, even though the compliance provisions
of the Kyoto Protocol provide that legally binding conse-
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77 See http://www.epa.gov/appdstar/estar/



quences can only be adopted by means of a formal amendment
to the Protocol. Be that as it may, UNFCCC negotiations on the
institutions and procedures of a compliance system for the
Protocol are well advanced.

Various suggestions have been put forward in the literature and
by Parties for the kind of legally binding consequences deemed
appropriate in the climate regime (Corfee Morlot, 1998; Wiser
and Goldberg, 2000). These include the following (Grubb et
al., 1998; UNFCCC, 2000):

• allowing a “true-up” or grace period with opportunity
to buy quotas;

• payment into a national or international compliance
fund that would invest in quotas;

• issuing cautions and/or reports to motivate public pres-
sure;

• suspending treaty privileges (such as voting or the right
to nominate members for office);

• exclusion from access to the Kyoto mechanisms; and
• financial penalties and implementing trade sanctions. 

As a result of the difficulties in agreeing any of these conse-
quences, and their future enforceability, more attention has been
paid to policy tools that prevent non-compliance. Again, sug-
gestions in the literature and from the Parties focused on ensur-
ing that emissions trading must be transparent at both the Party
and entity level78, and that emissions data, such as inventories,
are publicly available. The idea being that Parties and/or firms
may fear the reputation consequences of being identified as pol-
luters. Furthermore, trading could be authorized only for eligi-
ble Parties or entities, namely those meeting some minimum
standards on monitoring and reporting. Non-eligible Parties
and/or entities could be suspended from the trading system. 

Parties also could require that insurance be obtained for traded
tonnes of emissions reductions. An extra quota reserve held for
the premium payer could then be claimed if the traded tonnes
fail to be verified as emission reductions. A similar proposal is
to establish a “true-up” period or grace period (of some sever-
al months or years) after 2012; a party that is able to come into
compliance at the end of this true-up period would be deemed
to have complied with the agreement. Several other possibili-
ties have been mentioned to enforce compliance with the
Kyoto targets in a situation with IET.

6.3.5.3 Liability

Liability provisions prescribe how quotas transferred by a
party that subsequently is not in compliance with its emissions
limitation commitment are treated. Since the developing coun-
try hosts of CDM projects do not have emissions limitation
commitments, this is not an issue for CERs once they have
been certified and issued by the operational entity or the

Executive Board. However, this does not deal with the question
of what happens if the certification has not been undertaken to
acceptable standards or if there are other significant irregulari-
ties in issuance procedures. Since both JI and IET involve only
Parties with emissions limitation commitments, treatment of
quotas traded using these mechanisms must be addressed if the
issuer does not achieve compliance.

With regard to JI, Article 6.4 of the Kyoto Protocol specifies
that if compliance by an Annex I country is questioned under
Article 8, any ERUs acquired from that country cannot be used
to meet the buyer’s commitments under Article 3, until the
question of non-compliance by the originating country is satis-
factorily resolved (UNFCCC, 1997).

If the ERUs issued for JI projects are determined by an interna-
tional review process, they reflect corresponding reductions of
the host country’s emissions and hence do not contribute to its
non-compliance. However, if the decision on the quantity of
ERUs issued is left to the host government and the penalties for
non-compliance are weak or not effectively enforced, JI projects
could contribute to non-compliance by the host country. Since
any ERUs transferred must be deducted from the party’s AA,
they could be made subject to the liability provisions for IET.

Article 17 does not include any provisions to deal with quotas
that have been transferred by a country that subsequently fails
to meet its emissions limitation commitment. A number of
options and variants have been proposed in the literature
(Goldberg et al., 1998; Grubb et al., 1998; Haites, 1998;
Baron, 1999; Zhang, 1999b). The proposals reflect various
strategies, including seller and (its opposite) buyer liability, eli-
gibility requirements for buyer and sellers, limits on the quan-
tity of quota that can be sold, limiting sales to quantities sur-
plus to estimated or actual compliance needs, or restoration of
default. These approaches can be grouped into those that aim
to prevent or limit the risk of non-compliance, and those
designed to provide sufficient deterrence (either requiring the
defaulting party to face the regimes’ non-compliance system or
else harnessing the market to discount quotas from those
Parties considered to be most at risk). 

These liability proposals differ in terms of their environmental
effectiveness, impact on compliance costs of Annex I Parties,
and market liquidity. The proposals can change the ratio of
domestic reductions to purchased quotas used for compliance
and the mix of quotas purchased. In this way they can change
the distribution of costs across countries, including non-Annex
I countries through the volume of CDM activity. In policy
terms, it is likely that the most effective strategy would aim to
combine one or more of them. Details of how this may be
undertaken, as well as on how many of the proposals would be
implemented in practice, are currently subject to international
negotiations.79
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78 Given the wording of Article 17, the participation of legal entities
in IET based on Article 17 would require an explicit decision by
CoP/MoP (see also Section 6.3.1).

79 For example, whether under a buyer liability system transferred
quotas would be invalidated pro rata or in reverse chronological order.



6.4 Interrelations Between International and
National Policies, Measures, and Instruments

6.4.1 Relationship Between Domestic Policies and Kyoto
Mechanisms

It is important to consider ways in which international and
national (domestic) policy instruments are likely to comple-
ment or conflict with one another in achieving GHG emissions
reduction commitments at least cost. A substantial number of
economic models suggest that use of the Kyoto mechanisms,
established by Articles 6, 12, and 17 of the Kyoto Protocol (see
Sections 6.3.1 and 6.3.2), combined with efficient domestic
policies could significantly reduce the cost of meeting the
emissions limitation commitments in the Protocol.80 The
results of these models rely on assumptions of perfect foresight
or certainty over future levels of emissions and on fully effi-
cient domestic mitigation policies in Annex I Parties. They also
assume that developing countries will respond to the market
signal given by the international market of CERs and generate
CDM projects accordingly.81 Moreover, these models implicit-
ly assume that national economies are operating within an effi-
cient market framework. However, when an inefficient market
framework is assumed the conclusions may differ. This is an
area in which further research is necessary.

Articles 6 and 12 of the Kyoto Protocol enable governments
and entities of Annex I countries to support JI projects in other
Annex I countries and CDM projects in non-Annex I countries,
respectively, in return for emissions credits. Several countries
have suggested the participation of legal entities in IET,
although Article 17 (on IET) does not mention the participation
of entities in IET other than Parties (see Australia et al. (1998)
and United Kingdom of Great Britain and Northern Ireland
(1998)).

The following discussion assumes that any supplementarity
provisions are not binding.82 In addition, MAC refers here to
the marginal social abatement costs. Also, in this discussion it
is assumed that the initial market is perfect and then how vari-
ous factors influence this is assessed.

If IET under Article 17 is limited to Annex I governments, they
would need to trade AAUs or introduce a domestic emissions
trading scheme to equate their national MACs. Views differ as
to whether national governments have the information to
equate the national MACs. Experimental evidence indicates
that governments have the necessary incentive when trading
with other governments.83 If both Annex I governments and
legal entities are allowed to engage in IET under Article 17,
this difference of views becomes academic as long as the
domestic policies allow the legal entities to use the three Kyoto
mechanisms as part of their compliance strategy. Government
participation in the Kyoto mechanisms changes the AAs avail-
able for emissions by domestic sources.

For entities to equalize their MACs there must exist either a
fully comprehensive domestic taxation system, which reflects
the international price of AAUs, or open access to the interna-
tional emissions market for sources of emissions and entities
covered by domestic policies. In theory, several domestic poli-
cy regimes can be envisioned that would allow entities in
Annex I countries to equalize their MAC so as to minimize the
total cost of reduction. The implications for different types of
domestic policy instruments are as follows (Dutschke and
Michaelowa, 1998; Hahn and Stavins, 1999):84

• Domestic tradable permits. The domestic tradable per-
mit programme must cover virtually all emissions
sources, the cap must be set equal to the national AA
after trading by the government, and the participants
must be allowed to engage in international exchanges
using the Kyoto mechanisms.85 Participants would be
allowed to use CERs and ERUs from CDM and JI pro-
jects towards compliance with their domestic obliga-
tions. The country could also host JI projects.
Participants could also buy or sell AAUs under Article
17 if participation by legal entities was allowed.86

• Domestic emissions and/or carbon tax. The domestic
emissions and/or carbon tax must cover virtually all
emissions sources, and the tax must be set equal to or
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80 See Chapter 8 and Bernstein et al. (1999), Bollen et al. (1999),
Cooper et al. (1999), Jacoby and Wing (1999), Kainuma et al. (1999),
Kurosawa, et al. (1999), Manne and Richels (1999), McKibbin et al.
(1999), Nordhaus and Boyer (1999), Tol (1999), Tulpulé et al. (1999),
and Weyant and Hill (1999) for estimates of the cost savings resulting
from various international quota trading arrangements. All the models
assume efficient domestic policies, and international trading, within
each region. The models typically have between four and 20 regions.

81 See Baron and Lanza (2000) for a review of modelling results on
the contribution of the Kyoto mechanisms.

82 See Section 6.3.1 for a discussion of supplementarity.

83 An experiment with emissions trading among government teams
representing four Nordic countries revealed a trading efficiency of
97% (Bohm, 1997). Thus, their social MACs almost exactly equated
at the national level.

84 To explore the conditions under which different domestic policies
can minimize costs with the aid of the Kyoto mechanisms, Hahn and
Stavins (1999) examine pairs of countries with different combinations
of domestic policies. The discussion here presumes that all Annex I
Parties wish to implement domestic policies that enable all sources to
equalize their MACs.

85 A similar system could be based on voluntary agreements in which
sources are allowed to trade emission reductions in the form of AAUs,
ERUs, or CERs.

86 The permits used in the domestic tradable permit system could be
AAUs. Alternatively, the domestic permits could be freely exchange-
able for AAUs.



less than the national marginal cost of abatement after
trading by the government. Entities receive tax credits
for CERs and ERUs, and for AAUs if participation by
legal entities is allowed under Article 17. The country
could also host JI projects.87

• Non-tradable permits. Virtually all sources are covered
by non-tradable emissions limits, which allow the use
of quotas to achieve compliance. The total emissions
allowed under the permits must be equal to or less than
national AAs after trading by the government. Entities
could use purchased CERs and ERUs–and AAUs if
participation by legal entities is allowed under Article
17–towards compliance with their emissions limits.
The country could also host JI projects to reduce emis-
sions below the emissions limits or to enhance sinks.

If sources are subject to regulations, design or performance
standards, VAs, or taxes and at the same time there is no per-
mit allocated to the source, and CERs, ERUs, or AAUs cannot
be used for compliance, entities might still be allowed to trade
them on the international market, provided that the volume
sold does not exceed the volume of quotas acquired. Such
domestic policies are unlikely to equate MACs across sources
and so will not result in the lowest cost of compliance with the
national emissions limitation commitment.

In practice, the combination of domestic policies and Kyoto
mechanisms necessary to achieve cost-effectiveness may not
be implemented for at least two reasons. First, use of the Kyoto
mechanisms may be restricted in some countries, either
because supplementarity restrictions are binding or because a
national government that imposes an emissions tax may limit
the use of the mechanisms towards compliance with tax liabil-
ities to protect its revenue.

Second, it is difficult to cover all sources and relevant sinks
with policies that provide an incentive to implement measures
that equate MACs. Some sources are small and are excluded
for administrative reasons. Other sources, such as methane
emissions by livestock, are difficult to include in a trading or
tax regime. Thus, the overall cost-effectiveness of the system
will fall short of the theoretical ideal.

When part of the GHG emissions reduction needed to realize
the Kyoto commitments offers net economic benefits to the
national economy, the role of the Kyoto mechanisms changes
significantly. Relative to a theoretical scheme of complete and
perfect trading, a purely national mitigation strategy would still
give rise to inefficiencies for individual countries or sources, as
a result of differentials in MACs. However, the advantages that
could be obtained from eliminating such inefficiencies through
international mechanisms are more limited because of princi-
pal-agent problems. 

Thus, if access to the international mechanisms is limited to
governments, the Kyoto mechanisms are likely to be used only
to reduce positive marginal domestic abatement costs. And,
since measures with positive costs under a regime with restric-
tions make up only a fraction of total mitigation under an effi-
cient domestic policy, the quantitative significance of the Kyoto
mechanisms is greatly reduced. If access to the Kyoto mecha-
nisms is given to individual sources, there arises the potential for
a second principal-agent problem in that individual entities may
mitigate in ways that minimize private costs but fail to minimize
social costs in the national economy. In this case, both interna-
tional efficiency and domestic efficiency are jeopardized.

6.4.2 Conflicts with International Environmental
Regulation and Trade Law

Compatibility of environmental protection with free trade
and/or investment has been important in both the environmen-
tal and trade fields. The Committee on Trade and Environment
of the WTO has under discussion the relationships between the
provisions of the multilateral trading system and trade mea-
sures for environmental purposes, including those pursuant to
multilateral environmental agreements (MEAs). Also under
discussion are the relationships between environmental poli-
cies and measures with significant trade effects and the provi-
sions of the multilateral trading system. Some analysts suggest
that the WTO is not an appropriate forum to resolve these ques-
tions and propose the establishment of a multilateral environ-
mental organization for this purpose (Esty, 1994).

The UNFCCC is one of more than 200 multilateral and bilat-
eral international environmental agreements (MEAs) whose
compatibility with free trade and investment is debated
(UNEP, 1983, 1991). More than 20 MEAs incorporate explic-
it trade measures.88 Other MEAs address the need to co-ordi-
nate restrictions on conduct taken in compliance with obliga-
tions they impose and the expanding regime of trade and
investment law under the WTO/GATT umbrella.89 UNFCCC
Article 3.5 (UNFCCC, 1992), following GATT Article XX,
stipulates that “Parties shall co-operate to promote a support-
ive and open international economic system that would lead to
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87 Only sources or sinks not subject to the tax are likely to be approved
as JI projects, to reduce the risk of double counting.

88 See Ward and Black (2000, p. 122). Some MEAs, like the 1973
Convention on International Trade in Endangered Species (CITES,
1973), the 1989 Basel Convention on the Control of Transboundary
Movements of Hazardous Waste (UNEP, 1989), or the 1987 Montreal
Protocol on Substances that Deplete the Ozone Layer Articles, 4.1,
4.2, and 4.3, restrict trade in polluting products or products that con-
tain controlled substances (UNEP, 1987). Some, like Montreal
Protocol Article 4.4, propose trade sanctions, but these are, however,
not implemented, even on products manufactured with polluting sub-
stances.

89 Agenda 21 (UN, 1992), Chapters 2.3, 2.11, 2.20 and 17; Principles
11 and 12 of the Rio Convention; Convention on Biodiversity, Article
22.1.



sustainable economic growth and development in all Parties ...
Measures taken to combat climate change, including unilater-
al ones, should not constitute a means of arbitrary or unjusti-
fiable discrimination or a disguised restriction on internation-
al trade.”

There are no presently cited cases of trade claims against mea-
sures enacted in widely subscribed MEAs like the CITES or
the Montreal Protocol. Neither the UNFCCC nor the Kyoto
Protocol now provides for specific trade measures. The debate
over conflicts between trade and MEAs stems from the
prospect that trade-related measures might be enacted to limit
trade in polluting products and in endangered species, or trade
in goods created by means of polluting processes and produc-
tion methods (PPMs). MEAs could also require general or spe-
cific trade measures to sanction non-Parties to the MEA or
non-compliant MEA members.

IET under Article 17 of the Kyoto Protocol has raised questions
of WTO compatibility. Early analysis concludes that the rules
governing the transfer and mutual recognition of allowances
are not covered by WTO because they are neither products nor
services (Werksman, 1999).90 However, several domestic poli-
cies and measures that may be taken in conjunction with the
Kyoto Protocol might be considered to pose WTO problems,
such as excessively restricting trade regulations, GATT-incon-
sistent border charges, or illegal subsidies.91

National programmes of permit distribution for emissions trad-
ing (see Section 6.2.2.3) or national environmental aid (subsi-
dies) might benefit domestic firms or sectors over importers or
foreign competitors (Black et al., 2000).92 In addition, a Party
or group of Parties (as part of the national implementation pro-

grammes) might apply taxes or environmental policies and
measures in a way that arguably discriminates against WTO
trade partners. Environmental regulations, taxes, or voluntary
measures could be challenged as indirect forms of protection
that fall disproportionately on imported products. Recent cases
suggest more cases could be argued under the agreement on
Technical Barriers to Trade (TBT) rather than GATT.93

Trade-related environmental measures traditionally pose prob-
lems for the multilateral trading regime. Considerations of sov-
ereignty favour the autonomy of WTO Parties to set health or
environmental standards for all products, domestic or imported,
consumed in their national territories. Each country has broad
discretion to introduce its own policies and measures, including
energy efficiency standards and import restrictions, to protect its
environment and/or its people’s health, subject to GATT Article
3 (national treatment). However, more debatable is whether
GATT permits a government to place restrictions or bans on the
import of goods or services, themselves not dangerous or pol-
luting, that are produced outside its borders through PPMs that
do not meet its national environmental regulations or standards.
PPM issues may be characterized as “clean products produced
through dirty processes”. As MEAs increasingly utilize trade
measures to prevent non-members from free-riding, the consis-
tency of such trade measures with the relevant GATT articles
(Article XX, in particular) has been questioned when they are
based on the lack of corresponding PPM requirements in the
exporting countries (Murase, 1995, 1996). At present, the rela-
tion between WTO-compatible environmental measures and
MEAs remains unsettled. It is also unclear whether WTO law is
neutral in its treatment of alternative trade-related measures
(e.g., standards, taxes, and subsidies).

Prior to 1995, when GATT 1994 replaced GATT 1947 under
the WTO agreement, six panel reports involved environmental
issues related to trade measures under Article XX (Ahn, 1999).
The Appellate Body under the revised WTO dispute settlement
system has since decided two further cases.94 While none of
these disputes challenged the environmental objectives pur-
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90 Black et al. (2000) note that if emissions trading is treated as a
financial service, there is no clear policy reason to exclude non-Parties
to the Kyoto Protocol from trading in these markets.

91 For example, a Party might impose equivalent product-specific
energy-efficiency standards on domestic and imported refrigerators or
automobiles. Or a Party might ban the domestic production and
import of rice grown under methane intensive cultivation methods or
of wood harvested under non-sustainable forestry practices.
Alternatively, a party might impose a tax on the carbon content of
domestic and imported fuels or the carbon consumed in the production
of national and imported products. Finally, a Party might impose
countervailing duties against imports from nations that do not force
the internalization of GHG emissions costs on national producers.

92 National energy policies have long been replete with distortionary
subsidies (Black et al., 2000, pp. 90–98). However, since even subsi-
dies that encourage production below marginal factor costs have
rarely been GATT challenged, it is unlikely that national policies that
fail to internalize full environmental costs will be GATT illegal, unless
they explicitly discriminate between national production and imports.
Energy efficiency subsidies to internalize environmental benefits are,
in principle, permissible under the GATT subsidies code.

93 For example, when the EC concluded a voluntary agreement with
ACEA to reduce CO2 emissions from automobiles in February 1999,
the Commission asked non-EU automobile manufactures to conclude
the same kind of agreements, fearing that the European car manufac-
turers might lose international competitiveness. As a result, in
October 1999, the Japanese Automobile Manufacturing Association’s
voluntary commitment to follow the same standards was approved by
the EU. When the Japanese government enacted an amendment to
strengthen fuel efficiencies of automobiles, both European and
American governments expressed their concern, through formal TBT
procedure, that it would become an invisible trade barrier for auto-
mobile export. Also, when the EC intended to propose a Directive on
Waste Electrical and Electronic Equipment, both the US and Japanese
governments expressed the same concern.

94 Perkins (1999); see also United States -Standards for Reformulated
and Conventional Gasoline (World Trade Organization, 1996).



sued by the governments concerned, all rulings found that the
contested trade restrictions were in some respect discriminato-
ry or unnecessarily trade restrictive. However, more recent rul-
ings, including those of the Appellate Body, have narrowed or
rejected earlier panel interpretations that had held PPMs either
per se inconsistent with the intent of GATT or highly restrict-
ed by the terms of Article XX.

The GATT Panel rulings in the Tuna–Dolphin I dispute read
Articles XXb and XXg so as to preclude provisional justifica-
tion for extraterritorial PPMs as inherently arbitrary measures
destructive to the system of international trade.95 The panel in
the Shrimp–Turtle dispute also explicitly held that the US
shrimp embargo belonged to the class of measures (PPMs) that
threatened the multilateral trading system and therefore violat-
ed the terms of the Chapeau of Article XX. However, the WTO
Appellate Body overruled the Panel’s view in the
Shrimp–Turtle case. The WTO indicated implicitly that it does
not categorically disallow the use of extrajurisdictional
PPMs.96 Although the import restrictions in question applied to
shrimp harvesting practices and not to any characteristic of the
shrimps themselves, the Appellate Body treated the measure as
provisionally justifiable. It considered the legality of the spe-
cific restrictions, which were held to be invalid under the pro-
hibition of the Chapeau of Article XX of discriminatory and
arbitrary measures. The US embargo was ruled overly broad,
its enforcement inflexible in considering the conservation
effects of other nations’ shrimping practices, disparate in its
treatment of other nations, deficient in due process, and put
into effect without sufficient good-faith efforts to secure wider
multilateral acceptance of its exclusionary programme (Berger,
1999).

Although as yet there is no universally accepted interpretation
of the Shrimp–Turtle Appellate Body decision, some analysts
suggest the holding implies PPMs no longer violate WTO by
their very nature (Ahn, 1999). Others argue such a conclusion
is premature legally or has been insufficiently debated and test-
ed in the scientific literature (Jackson, 2000). In either case, the
ruling did not refer to important questions relevant to the inter-
action of WTO and the UNFCCC and/or Kyoto Protocol. It is
unclear whether national PPMs need only be enacted by Parties
to an MEA in their compliance programmes, or whether each
particular PPM, its mode of application, and/or its sanction
scheme are the subjects of multilateral accord. Nor is it certain
how widely the multilateral agreement that supports the PPM
must be subscribed to make it WTO compatible.97

Parties to MEAs might base national climate programmes on
pollution taxes rather than product or PPM standards. WTO

law does allow compensating charges or border adjustments to
similar imported products to equalize the tax burden on domes-
tic production. While direct taxes (wages, incomes) may not be
compensated on imports or refunded on exports, certain indi-
rect taxes, such as sales taxes or excises, may be adjusted at the
border.98 Indirect environmental taxes levied on a locally pol-
luting product like imported fuel or gas guzzling automobiles,
as long as not in excess of charges imposed on like domestic
products, would be WTO consistent. Analogous indirect taxes,
equal to domestic taxes, imposed on non-locally polluting
imports produced through foreign process and production
methods that were environmentally damaging have been
approved in the GATT dispute settlement process.99

Nevertheless, some border charges on products manufactured
through GHG-intensive PPMs might be WTO inconsistent.
Although specific taxes on final products (e.g., fuels) and on
“goods physically incorporated” into final products (e.g., a
feedstock or catalyst) may be adjusted at the border, so-called
hidden taxes on inputs, such as transport, machinery, advertis-
ing, or energy entirely consumed during production, have not
been legally adjustable. Current practice is not fully symmetri-
cal in its treatment of regulatory standards and taxes as envi-
ronmental instruments.100
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95 United States–Restrictions on Imports of Tuna (World Trade
Organization, 1994).

96 See Shrimp–Turtle decision, paragraphs 121 and 187b (World Trade
Organization, 1999); see also Perkins (1999, p. 119).

97 Nor is there yet guidance whether trade restrictions could be
enforced against a UNFCCC party with differentiated responsibilities
under the MEA, even if WTO-legal restrictions against imports from
non-Annex I Parties would confuse the meaning of “differentiated
responsibilities”.

98 Economists have long noted the lack of precision of the categories
direct and indirect taxes, as well as the dependence of the ability to
pass on the incidence of taxes to consumers (indirect taxes) on mar-
ket structure. However, the terms continue to be applied with reason-
able ease in legal practice (Demaret and Stewardson, 1994, pp.
14–16).

99 In the Superfund Tax case, US border charges on certain waste cre-
ating feedstock chemicals used as inputs in the processing of import-
ed chemical derivative products were ruled to be legal. These border
charges, equal to taxes imposed on similar US feedstock, were held
valid even though there was no transboundary damage outside the
nation of origin (World Trade Organization, 1988). A border tax on
shrimp caught with turtle-unsafe methods and similar to a domestic
tax on such products would seem to fall under this rule. Products that
have been produced through differential production methods, like
products that have different environmental qualities in themselves,
have usually been considered to be not “like products” and therefore
allowable objects of differential, non-discriminatory taxes (Demaret
and Stewardson, 1994, pp. 34–41).

100 A limited amendment to the treatment of energy taxes was made
in the Uruguay 1994 Agreement on Subsidies and Countervailing
Measures. Border adjustments were allowed for those nations that
still imposed cumulative prior-stage indirect taxes on “energy, fuels,
and oil used in the production process”. This exception to the hidden
tax rule was intended to cover only a limited set of nations (Demaret
and Stewardson, 1994, pp. 29–30). 



6.4.3 International Co-ordination of Policy Packages

When developing domestic policies to meet their emissions
limitation commitments under the Kyoto Protocol, some
Annex I Parties may wish, or be under pressure, to impose less
stringent obligations on some industries to improve their com-
petitiveness. The sensitivity of industry location to the strin-
gency of environmental regulation is called “ecological dump-
ing”. International co-ordination of environmental policies
may be needed to reach an economically efficient outcome in
which it is impossible to make one country better off without
making at least one other country worse off.

Under certain ideal conditions (e.g., perfect competition in all
markets) there is theoretically no need for international policy
co-ordination (Oates and Schwab, 1988). However, such condi-
tions do not hold if there is imperfect competition in goods mar-
kets or unemployment (Rauscher, 1991, 1994; Barrett, 1994;
Kennedy, 1994; A. Ulph, 1994; D. Ulph, 1994). If, and to what
extent, international differences in environmental regulation
have trade or even relocation implications obviously depends on
a host of factors. These include country size, availability of
alternatives, relative resource endowment, mobility of produc-
tion factors, competition level, scope for innovation, possibility
of border-tax adjustment, chances of retaliation, and redistribu-
tion of environmental tax revenues (OECD, 1996a).

Although it is clear that many factors affect the relationship
between the stringency of pollution control policies (if imple-
mented unilaterally) and net exports, some authors have car-
ried out rather straightforward empirical tests on the relation-
ship between the two variables. Han and Braden (1996) exam-
ined 19 US manufacturing industries between 1973 and 1990
with the help of regression analysis. They found the relation-
ship between pollution abatement costs and net exports to be
negative in most of the sample period, but diminishing over
time (with elasticities close to zero in many industries). Van
Beers and Van den Bergh (1997), using a gravity model of
international trade and two measures of environmental strin-
gency, did not find a significant relationship between environ-
mental stringency and total exports for the “dirty” industries.
However, when they focused on the non-resource based, and
therefore more “mobile”, industries only this relationship was
significant.

Early empirical research on the impact of environmental poli-
cy on trade found little evidence of a measurable relationship,
partly because of low environmental taxes and partly through
data and statistical limitations. Therefore, many studies have
concentrated on simulations of environmental tax regimes.
From a survey of these studies, IPCC’s SAR (IPCC, 1996) con-
cluded that estimates of the effects of environmental policies
(notably carbon taxes) on trade vary wildly, depending on
model parameters (such as energy demand elasticities and
assumptions regarding the substitutability of traded goods) and
the policy scenario examined (extent of reduction in emissions
and extent of international co-ordination).

Various partial equilibrium models have been designed to ana-
lyze ecological dumping, many using static or dynamic game
theory. Early analyses used a Cournot setting, which models
long-run competition among firms as a series of strategic
capacity or output choices. The general conclusion from these
early models is that the optimal tax (or any comparable domes-
tic environmental policy instrument) would be set below mar-
ginal damage. As a consequence, environmental policies are
designed to try to protect domestic industries. If producers col-
lude, however, the incentive for governments to engage in eco-
logical dumping is reduced (Ulph, 1993).

The ecological dumping conclusion could change completely
if governments act strategically in setting taxes, and if there is
Bertrand competition (firms compete by choosing the price to
charge, rather than the quantity to produce) instead of Cournot
competition (Eaton and Grossman, 1986; Barrett, 1994;
Conrad, 1996; Ulph, 1996). If, however, producers act strate-
gically or can collude, then the outcome in terms of ecological
dumping is not straightforward. Quantity-based environmental
regulation, if implemented unilaterally in a duopolistic case
with a domestic and foreign supplier, might actually benefit
domestic firms at the cost of domestic consumers (Kooiman,
1998). If both governments and producers act strategically,
again, the incentive for governments to distort the environ-
mental policy is less than when only governments acted strate-
gically, so that the Bertrand outcome can be similar to the
Cournot outcome (Ulph, 1996).

Ecological dumping also has been analyzed with the help of gen-
eral equilibrium models of international trade involving exter-
nalities (Rauscher, 1994). It was shown that in a second-best
world for several market structures–monopoly power of the
exposed sector or oligopoly on an outside market (Elbers and
Withagen, 1999)–ecological dumping might not (always) be ben-
eficial from a welfare point of view. This is contrary to the con-
clusions of some of the earlier partial equilibrium models,

The most interesting case for analyzing policy co-ordination
needs is that in which national commitments have been decided
internationally, but individual Parties may, but need not, co-ordi-
nate their national policies to fulfil their commitments. This
would be the Kyoto Protocol case, after ratification. Hoel (1997)
has addressed this case and argues that governments may tend to
subsidize indirectly particular imperfectly competitive industries
selling on the international market. To prevent this from happen-
ing, an argument can be made in favour of policy co-ordination,
which is possible but not required in the Kyoto Protocol, except
insofar as the Kyoto mechanisms are concerned.101

6.4.4 Equity, Participation, and International Policy
Instruments

The participation of developing countries and EITs in the
UNFCCC is important, since these countries are both large
future emitters of carbon, and sources and potential sources of
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low-cost abatement investments (McKibbin and Wilcoxen,
2000). Since the participation of regions with low marginal
abatement costs may be critical for aggregate cost and emis-
sions reduction, encouraging their participation may require a
serious consideration of the equity implication of that policy
(Morrisette and Plantinga, 1991). Unlike efficiency, there is no
universal consensus definition of equity by which policy
instruments can be evaluated. Recent research on equity, how-
ever, analyzed the welfare impacts of climate policy alterna-
tives to understand the participation incentives (for different
countries and regions) of various policy instruments (Bohm
and Larsen, 1994; Edmonds et al., 1995; Rose et al., 1998).

The types and structures of mechanisms adopted (such as uni-
form taxes, tradable quota, or individual non-tradable targets)
affect the scope and timing of participation in some predictable
ways (Edmonds et al., 1995). For example, individual non-
tradable targets based on the stabilization of national emissions
would shift more than 80% of aggregate costs to non-OECD
regions by 2020, making it unlikely that these regions would
participate in such an agreement (Edmonds et al., 1995).

Alternatively, with a common global carbon tax and full par-
ticipation, the burden of abatement costs would be distributed
unevenly across the world and would change with time. A large
burden would fall on OECD and economies in transition in the
early years, shifting to developing nations in later years
(Edmonds et al., 1995). Transition economies would thus be
unlikely to participate in a common global carbon tax agree-
ment. If such nations were to participate in the short run,
growth and changing economic and political circumstances
may increase the probability of their dropping out of a tax
agreement when they face increasing net participation costs
(Edmonds et al., 1995).

The equity implications of a global tradable quota system
depend on quota allocation. The portion of global abatement
costs borne by a country or group of countries depends on its
relative position in the quota market; net sellers of quota effec-
tively receive income transfers from net buyers. Table 6.3
describes the relative position of groups of countries in an
international quota market, based on six possible initial alloca-
tions (Edmonds et al., 1995).102

Of course, a country’s participation in an allocation scheme
depends on net costs (the sum of transfer payments associated
with quota trade, plus direct mitigation costs), not just the
direction of income transfers. However, that the direction of
transfers may change over time, especially for China and the
transition economies, complicates the incorporation of equity
goals in quota system design (Edmonds et al., 1995). Although
quota allocation is referred to here, the analysis applies equiv-
alently to redistributing international carbon tax revenues
(Pezzey, 1992; Rose et al., 1998).

Bohm and Larsen (1994) explore the participation implications
of two of the more frequently discussed of the allocation
schemes listed in Table 6.3 (allocation by population and by
GDP) for a quota regime covering Western Europe and Eastern
Europe. Both of these allocations, and combinations thereof, lead
to substantial losses by the Eastern European countries, making
their participation unlikely (Bohm and Larsen, 1994). Given the
aggregate cost-savings associated with their participation, an
ideal allocation system would provide the minimum possible
participation incentive to the Eastern European countries, while
maximizing potential abatement cost savings to the western
countries. The authors identify this lower bound in terms of east-
ern country quota-to-emissions ratios that would induce partici-
pation, ranging among countries from 0.85 to 0.91. This incen-
tive scenario results in zero net gains (losses) to the eastern coun-
tries, and net costs to each western country of 0.09% of GDP. In
the presence of wide disparity in current regional economic wel-
fare, the perceived equity benefits of such a scenario may facili-
tate a more cost-effective agreement than any that might be
achieved without Eastern European participation.103

If quota allocations are used to induce participation by transi-
tion economies and developing countries, the international
wealth transfers that occur as a result may cause fluctuations in
real exchange rates and international capital and trade flows
(McKibbin and Wilcoxen, 1997a, 1997b). The magnitude of
these fluctuations and the extent to which they could be prob-
lematic are uncertain. McKibbin and Wilcoxen (2000) suggest
an alternative approach to the problem of equity versus partic-
ipation incentive, which includes both short-run emissions
quota and long-run emissions “endowments”. In this approach,
the price of emissions quota is set through international nego-
tiation at regular intervals (they suggest every decade), and
each country issues as many quotas as necessary to keep the
price at the negotiated level. The price of emissions endow-
ments, however, is flexible, and the quantity allowed per coun-
try is fixed. Each participating country’s endowment prices
reflect expected future prices of emissions quota.
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101 Hoel (1997) uses a simple model of a group of identical countries
that interact through mobile real capital. Given the total stock of real
capital for the group of countries as a whole, he demonstrates that if
competition in the goods markets is imperfect or if unemployment
exists, a lack of international policy co-ordination may lead to out-
comes that are not Pareto optimal. However, he finds there is no need
for policy co-ordination if after-tax wages are exogenous, but this
seems to be a rather strong assumption.

102 Rose et al. (1998) analyzed the welfare impacts of various tradable
permit allocations and obtained results that are consistent with many
of the results of Edmonds et al. (1995).

103 GDP per capita in 1989 ranged from US$1,200–1,500 in Albania,
Turkey, Tajikistan, and Uzbekistan to more than US$20,000 in
Switzerland, Luxembourg, and the Scandinavian countries (Bohm
and Larsen, 1994).



6.5 Key Considerations

This section deals with the most important aspects that could
be considered in designing climate change policy.

6.5.1 Price versus Quantity Instruments

Optimal climate change policy–irrespective of whether it is
national or international–under uncertainty and/or asymmetric
information deviates from more typical analyses with best-
guess parameter values and/or information symmetry, not only
in terms of the stringency of policies, but also in terms of pol-
icy design (Weitzman, 1974). Depending on the degree of
uncertainty and correlation between the marginal damage and
MAC curves, taxes could be a better or inferior alternative to
tradable permits (Watson and Ridker, 1984; Stavins, 1996).104

Recent literature shows that taxes dominate quotas for the con-
trol of GHGs when the environmental damage function is
rather flat (Hoel and Karp, 1998). Hoel (1998) and Pizer
(1997b) point out that the lack of a clear, short-term threshold
for severe climate damages favours the use of market-based

policies, like taxes, that limit cost uncertainty. In addition,
there is mounting evidence that rigid emission limits are not
appropriate in the short run under a weak emissions reduction
regime (Newell and Pizer, 1998).

Recently, Pizer (1997a) argued that excluding uncertainty
might lead to policy recommendations that are too lax. Ebert
(1996) has argued that improving the information of the regu-
lator is crucial, because decision makers always overestimate
abatement costs if they neglect that firms possess an abatement
option other than decreasing output–additional abatement tech-
nology.

To increase the effectiveness and efficiency of domestic GHG
emissions reduction policies, it is argued that governments
could adopt policies that take a comprehensive approach, stim-
ulating the development of all kinds of new materials, materi-
als substitution, product re-design, resource productivity, and
waste management strategies that can reduce GHG emissions.
Moreover, governments could set long-term GHG emissions
reduction targets, since the optimal set of technical options at
low GHG mitigation levels may not include options that are
efficient at high GHG emissions reduction levels.
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Table 6.3: Direction of income transfers in international emissions trading, six possible quota allocation schemes

Anticipated position of participating countries, 2005-2095

Tradable quota allocation OECD EITs China and other Rest of world
countries centrally-planned

Asian countries

Grandfathering Net sellers Net sellers Net buyers Net buyers

Equal per-capita emissions Net buyers Net buyers Net sellers early,
Net buyers post-2035

GDP-weighted emissions Net sellers Net effect small Net buyers Net effect small
and ambiguous and ambiguous

GDP-adjusted grandfathering Net buyers Net sellers Net effect small Net effect small 
and ambiguous and ambiguous

No harm to developing nations Net buyers Net sellers early, net  Net sellers Net sellers
buyers post-2035

No harm to non-OECD nations Net buyers Net sellers early, net  Net sellers Net sellers
buyers post-2035

Source: Edmonds et al. (1995).

Notes: Under GDP-adjusted grandfathering, emissions rights have a baseline at current levels, adjusted for income growth. The “no harm” scenarios

allocate sufficient quota to the relevant countries to cover their own emissions and to generate enough revenue to cover economic costs of protocol par-

ticipation.

104 Montero (2000b) finds that under incomplete enforcement tradable
permits perform relatively better than taxes.



6.5.2 Interactions of Policy Instruments with Fiscal
Systems

It is important to consider how the domestic policy instruments
examined in this chapter may interact with existing fiscal sys-
tems, because such interactions can have significant effects on
the overall costs of achieving specified GHG emissions reduc-
tion targets. A growing literature demonstrates theoretically,
and with numerical simulation models, that the costs of
addressing GHG targets with policy instruments of all
kinds–command-and-control as well as market-based
approaches–can be greater than anticipated because of the
interaction of these policy instruments with existing domestic
tax systems.105 Domestic taxes on labour and investment
income change the economic returns to labour and capital, and
distort the efficient use of these resources.

The cost-increasing interaction reflects the impact that GHG
policies can have on the functioning of labour and capital mar-
kets through their effects on real wages and the real return to
capital (see, e.g., Parry et al., 1999). By restricting the allow-
able GHG emissions, permits, regulations, or a carbon tax raise
the costs of production and the price of output, thus reducing
the real return to labour and capital, and exacerbating prior dis-
tortions in the labour and capital markets. Thus, to attain a
given GHG emissions target, before or after use of IET and
other Kyoto mechanisms, all the instruments have a cost-
increasing “interaction effect”.

For policies that raise revenue for the government, carbon
taxes and auctioned permits, this is only part of the story, how-
ever. These revenues can be recycled to reduce existing distor-
tionary taxes. Thus, to attain a given GHG emissions target,
revenue-generating policy instruments have the advantage of a
potential cost-reducing “revenue-recycling effect” as com-
pared to the alternative, non-auctioned tradable permits or
other non-revenue-generating instruments (Bohm, 1998). For a
more complete theoretical discussion, see Chapter 7, and see
Chapter 8 for the empirical results.

6.5.3 The Effects of Alternative Policy Instruments on
Technological Change

In the long run, the development and widespread adoption of
new technologies can greatly ameliorate what, in the short run,
sometimes appear to be overwhelming conflicts between eco-
nomic well being and environmental quality. Therefore, the
effect of public policies on the development and spread of new
technologies may be among the most important determinants
of success or failure in environmental protection (Kneese and
Schultze, 1975).

To achieve widespread benefits from a new technology, three
steps are required (Schumpeter, 1942):

• invention, the development of a new technical idea;
• innovation, the incorporation of a new idea into a com-

mercial product or process and the first marketplace
implementation thereof; and

• diffusion, the typically gradual process by which
improved products or processes become widely used.

Rates of invention, innovation, and technology diffusion are
affected by opportunities that exist for firms and individuals to
profit from investing in research, in commercial development,
and in marketing and product development (Stoneman, 1983).

Governments often seek to influence each of these directly, by
investment in public research, subsidies to research and tech-
nological development, dissemination of information, and
other means (Mowery and Rosenberg, 1989). Policies with
large economic impacts, such as those intended to address
global climate change, can be designed to foster technological
invention, innovation, and diffusion (Kemp and Soete, 1990).
For the impact of R&D policies on technology development
and transfer, see the IPCC Special Report on Technology
Transfer (IPCC, 2000).

To examine the link between policy instruments and techno-
logical change, environmental policies can be characterized as
market-based approaches, performance standards, technology
standards, and voluntary agreements. All these forms of inter-
vention have the potential to induce or force some amount of
technological change, because by their very nature they induce
or require firms to do things they would not otherwise do.
Performance and technology standards can be explicitly
designed to be “technology forcing”, mandating performance
levels that are not currently viewed as technologically feasible
or mandating technologies that are not fully developed. The
problem with this approach can be that while regulators typi-
cally assume that some amount of improvement over existing
technology will always be feasible, it is impossible to know
how much. Standards must either be made not very ambitious,
or else run the risk of being ultimately unachievable, which
leads to great political and economic disruption (Freeman and
Haveman, 1972). However, in the case of obstructed technolo-
gy, regulators know quite well the technology improvements
that are feasible. Thus, although the problem of standards
being either too low or too ambitious remains a possibility, it
does not make standards inherently incapable of implementing
some portion of the available technology base, and to do so
cost-effectively on the basis of cost–benefit tests.106
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105 For the basic analysis and economic intuition of this literature, see
Kolstad (2000, pp. 281–284).

106 There is, however, an interesting example in which ambitious stan-
dards were finally achieved. New emission standards for passenger
cars (the so-called “Muskie” standard), when first enacted in the USA
in 1970, were thought to be too ambitious because no such technolo-
gies existed in the world. However, a technology breakthrough by two
automobile manufacturers in Japan achieved the standard (Honma,
1978; OECD, 1978).



6.5.3.1 Theoretical Analyses

Most of the work in the environmental economics literature on
the dynamic effects of policy instruments on technological
change has been theoretical, rather than empirical, and the the-
oretical literature is considered first. The predominant theoret-
ical framework involves what could be called the “discrete
technology choice” model. In this, firms contemplate the use of
a certain technology that reduces the marginal costs of pollu-
tion abatement and that has a known fixed cost (Downing and
White, 1986; Jung et al., 1996; Malueg, 1989; Milliman and
Prince, 1989; Zerbe, 1970).

While some authors present this approach as a model of inno-
vation, it is perhaps more useful as a model of adoption.107 The
adoption decision is one in which firms face a given technolo-
gy with a known fixed cost and certain consequences, and must
decide whether or not to use it; this corresponds precisely to
the discrete technology choice model. Innovation, on the other
hand, involves choices about research and development expen-
ditures, with some uncertainty over the technology that will
result and the costs of developing it. Models of innovation
allow firms to choose their research and development expendi-
tures, as in Magat (1978, 1979), or incorporate uncertainty over
the outcome of research (Biglaiser and Horowitz, 1995;
Biglaiser et al., 1995).

Several researchers have found that the incentive to adopt new
technologies is greater under market-based instruments than
under direct regulation (Downing and White, 1986; Jung et al.,
1996; Milliman and Prince, 1989; Zerbe, 1970). This view is
tempered by Malueg (1989), who points out that the adoption
incentive under a freely allocated tradable permits system
depends on whether a firm is a buyer or seller of permits. For
permit buyers, the incentive is larger under a performance stan-
dard than under tradable permits.

Comparisons among market-based instruments are less consis-
tent. Downing and White (1986), who consider the case of a
single (sole) polluter, argue that taxes and tradable permit sys-
tems are essentially equivalent. On the other hand, Milliman
and Prince (1989) find that auctioned permits provide the
largest adoption incentive of any instrument, with emissions
taxes and subsidies second, and freely allocated permits and
direct controls last. Jung et al. (1996) consider heterogeneous
firms, and model the “market-level incentive” created by vari-
ous instruments. This measure is simply the aggregate cost sav-
ings to the industry as a whole from adopting the technology.
Their rankings echo those of Milliman and Prince (1989).

On the basis of an analytical and numerical comparison of the
welfare impacts of alternative policy instruments in the pres-
ence of endogenous technological change, Fischer et al. (1998)
argue that the relative ranking of policy instruments depends
critically on firms’ ability to imitate innovations, innovation
costs, environmental benefit functions, and the number of
firms that produce emissions.108 Finally, the study includes an
explicit model of the final output market, and finds that it
depends upon empirical values of the relevant parameters
whether (auctioned) permits or taxes provide a stronger incen-
tive to adopt an improved technology.

Finally, recent research investigates the combined effect of the
pollution externality and the positive externality that results
from learning-by-doing with mitigation technologies. Since the
benefit from learning occurs after the learning has taken place,
a dynamic analysis is needed. Some analyses shown that
dynamic efficiency (discounted least cost, aggregated over
time) requires that  the incentive for emissions-mitigating inno-
vations  be set higher than the penalty on emissions, especial-
ly if account is taken of “leakage”. This is in contrast with the
conclusions of comparative static analysis upon which most
environmental policy analysis is grounded (e.g., Baumol and
Oates, 1988), under which the two incentives should be equal
in all time periods (for a formal analysis, see Read (1999,
2000)).

6.5.3.2 Empirical Analyses

Empirical analyses109 of the relative effects of alternative envi-
ronmental policy instruments on the rate and direction of tech-
nological change are limited in number, but those available
focus on technological change in energy efficiency, and thus
are potentially of direct relevance to global climate policy.
These studies can be considered within the three stages of tech-
nological change introduced above–invention, innovation, and
diffusion. It is most illuminating, however, to consider the
three stages in reverse order.

Beginning, then, with empirical analyses of the effects of envi-
ronmental policy instruments on technology diffusion, Jaffe
and Stavins (1995) conducted econometric analyses of the fac-
tors that affected the adoption of thermal insulation technolo-
gies in new residential construction in the USA from 1979 to
1988. They examined the dynamic effects of energy prices and
technology adoption costs on average residential energy-effi-
cient technologies in new home construction. The effects of
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107 Zerbe (1970) couches his research in terms of adoption. Downing
and White (1986) frame their work in terms of innovation. Milliman
and Prince (1989) use one model to discuss both diffusion and inno-
vation, the latter being defined essentially as the initial use of the tech-
nology by an “innovating” firm. Malueg (1989) presents the same
framework as a model of adoption. Jung et al. (1996) present their
model as one of either adoption or innovation.

108 Related to this is the finding of Parry (1998) that the welfare gain
induced by an emissions tax is significantly greater than that induced
by other policies only for very major innovations. Also related is
Montero’s (2000c) conclusion that the relative superiority of alterna-
tive policy instruments in terms of their effects on firm investments in
R&D depends upon the nature of the underlying market structure.
This is implied by Laffont and Tirole (1996).

109 For further literature references, see Chapter 8.



energy prices can be interpreted as suggesting what the likely
effects of taxes on energy use would be, and the effects of
changes in adoption costs can be interpreted as indicating what
the effects of technology-adoption subsidies would be. They
found that the response of mean energy efficiency to energy
price changes was positive and significant, both statistically
and economically. Interestingly, they also found that equivalent
percentage cost subsidies would have been about three times as
effective as taxes in encouraging adoption, although standard
financial analysis suggest they ought to be about equal in per-
centage terms. This finding does, however, offer confirmation
for the conventional wisdom that technology adoption deci-
sions are more sensitive to up-front cost considerations than to
longer-term operating expenses.

In a study of residential conservation investment tax credits,
Hassett and Metcalf (1995) also found that tax credit or deduc-
tions were many times more effective than “equivalent”
changes in energy prices–about eight times as effective in their
study. They speculate that one reason for this difference is that
energy price movements may be perceived as temporary. The
findings by Jaffe and Stavins (1995), and by Hasset and
Metcalf (1995) are consistent with other analyses of the rela-
tive effectiveness of energy prices and technology market
reforms in bringing about the adoption of lifecycle cost-saving
technologies. Up-front subsidies can be more effective than
energy price signals (see, e.g., Krause et al., 1993; Howarth
and Winslow, 1994; IPSEP, 1995; Eto et al., 1996; Golove and
Eto, 1995; IPCC, 1996, Executive Summary, p. 13). A disad-
vantage of such non-price policies relative to administered
prices is that they have to be implemented on an “end-use by
end-use” or “sector by sector” basis in a customized fashion.
Also, an effective institutional and regulatory framework
needs to be created and maintained to evaluate and ensure the
continued cost-effectiveness of such policies. 

This and other research on energy efficiency programmes also
highlights a major difference in the way energy price signals
and technology subsidies function. The technology adoption
response to taxes may include a  secondary increase in the
demand for energy services. This secondary effect takes two
forms: a direct effect that results from the increased utilization
of energy-using equipment and capital stocks, and an indirect
effect from increased disposable income. Studies of such
demand effects suggest that the combined effects are general-
ly not sufficient to offset more than a minor portion of emis-
sions reductions. 

In addition, technology subsidies and tax credits can require
large public expenditures per unit of effect, since consumers
who would have purchased the product even in the absence of
the subsidy will still receive it.110

Some recent empirical studies suggest that the response of rel-
evant technological change to energy price changes can be sur-
prisingly swift. Typically, this is less than 5 years for much of
the response in terms of patenting activity and the introduction
of new model offerings (Jaffe and Stavins, 1995; Newell et al.,
1999; Poppe, 1999). Substantial diffusion can sometimes take
longer, depending on the rate of retirement of previously
installed equipment. The longevity of much energy-using
equipment reinforces the importance of taking a longer-term
view towards energy-efficiency improvements–on the order of
decades.

An optimal set of policies would be designed in such a way as
to achieve two outcomes simultaneously: release any obstruct-
ed emission and cost-reduction potentials from already avail-
able technologies through various market reforms that try to
reduce market distortions (see IPCC, 2000), and induce the
accelerated development of new technologies. This approach
allows significant carbon abatement over the near-term by dif-
fusing existing technologies, while at the same time preparing
new technologies for the longer term.

6.6 Climate Policy Evaluation

Theoretically, it is unnecessary to monitor and evaluate nation-
al policies and programmes to see whether Annex I Parties ful-
fil their Kyoto commitments, provided national communica-
tions give a clear and reliable picture of the net impact of those
actions on the net national GHG emissions and net uptake via
sinks. Indeed, national inventories, usually updated on an
annual basis, are the backbone of the monitoring system. Of
course, governments might want to monitor the impact of their
own policies for domestic assessment purposes. To meet the
international commitments, such monitoring, however, would
not be necessary if monitoring at the aggregate level were com-
pletely reliable. However, this may not be true. Evidence sug-
gests that there can be a considerable margin of error in the
national data provided to the UNFCCC Secretariat within the
framework of the national communications.

Over the past 25 years an extensive literature, including pro-
gramme evaluation, value-for-money audits, and comprehen-
sive audits, has developed on the evaluation of government
programmes. Much of this literature is specific to the type of
programme–low-income housing, training, employment cre-
ation, policing, transit, energy efficiency, etc.–and has little rel-
evance to the monitoring and evaluation of policies for climate
change mitigation. However, the literature also includes
numerous evaluations of energy-efficiency, DSM, emissions
trading, environmental taxes, and other programmes that could
provide useful insights into the design, monitoring, and evalu-
ation of climate change policies. 
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