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Abstract

International emission trading is prominently discussed as a policy instrument for mitigat-

ing global greenhouse gas emissions. The articles assembled in this cumulative thesis aim

at enhancing the understanding of the economic and political implications of this climate

policy approach.

Five potential future international carbon market configurations are identified and ana-

lyzed with regard to their environmental effectiveness, cost effectiveness, and political

feasibility. It turns out that the choice between top-down and bottom-up architectures en-

tails a trade-off between environmental effectiveness on the one hand, and political feasi-

bility on the other. The basic reason is that at least initially a full global trading regime and

the Kyoto approach promise to cover a larger fraction of global emissions, thus enabling

more significant global emission cuts and providing better protection against carbon leak-

age. But while a high participation rate is beneficial from the global environmental point

of view, it complicates political coordination due to the larger number of political parties,

especially regarding the inevitable distributional challenges as well as the need for regu-

latory coordination. Regarding cost effectiveness, bottom-up linking of regional trading

systems is the superior approach.

The analysis of linking regional cap-and-trade systems from a policymaker’s perspective

identifies a number of merits and demerits of this approach. Potential benefits include

standard gains from trade; the possibility of ’anti-leakage’ from linking a sectorally frag-

mented cap-and-trade system to asymmetric sectors in developing countries; enhanced

policy stability by creating an additional vertical layer in the multi-level governance of

domestic emission sources; elimination of competitiveness concerns across linked sys-

tems; and the political signal of a multilateral climate policy initiative. Potential disad-

vantages include welfare losses from deteriorating terms-of-trade and intensification of

disbenefits from suboptimal policies; a range of distributional concerns; and the need for

close regulatory coordination across linked systems and the related loss of souvereignty

due to the inevitable spillovers of regulatory decisions.

Finally, this thesis examines the option of including the road transport sector into cap-

and-trade systems. An empirical analysis of EU ETS road transport inclusion shows that

this option does not raise competitiveness concerns from rising EU allowance prices. The

point of regulation should be chosen upstream.

7



8 Abstract



Zusammenfassung

Der internationale Emissionshandel wird prominent als Instrument zur Vermeidung der

globalen Treibhausgasemissionen diskutiert. Ziel der in dieser kumulativen Dissertation

zusammengefassten Artikel ist ein detaillierteres Verständnis der ökonomischen und poli-

tischen Implikationen dieses klimapolitischen Instrumentes.

Die Dissertation identifiziert fünf plausible Szenarien für die Weiterentwicklung des in-

ternationalen Kohlenstoffmarktes und analysiert diese hinsichtlich ihrer Umwelteffek-

tivität, Kosteneffektivität sowie politischen Machbarkeit. Es zeigt sich, dass die Wahl

zwischen top-down und bottom-up Ansätzen einen Zielkonflikt zwischen der Umweltef-

fektivität einerseits und politischer Machbarkeit andererseits aufwirft. Ein umfassendes

globales Handelssystem und der Kyoto-Ansatz können sofort einen Großteil der globalen

Emissionen abdecken, wodurch größere Emissionsreduktionen und ein besserer Schutz

gegen die regionale Verlagerung von Emissionen möglich sind. Doch während eine hohe

Teilnehmerzahl aus Sicht der Umwelteffektivität vorteilhaft ist, erschwert sie die politis-

che Koordination. Probleme entstehen hinsichtlich unvermeidlicher Verteilungskonflikte

sowie der Notwendigkeit internationaler Koordination von regulatorischen Details. Hin-

sichtlich der Kosteneffektivität ist die Option der Verknüpfung regionaler cap-and-trade

Systeme der beste Ansatz.

Die Analyse der Verknüpfung regionaler cap-and-trade Systeme identifiziert eine Reihe

von Vor- und Nachteilen aus der Perspektive regionaler Entscheidungsträger. Po-

tentielle Vorteile sind Effizienzgewinne; die Möglichkeit eines globalen Emissionsre-

duktionseffektes durch Verlinkung sektoral fragmentierter cap-and-trade Systeme mit

asymmetrischen Sektoren in Entwicklungsländern durch den internationalen Güterhan-

del; erhöhte politische Stabilität durch die Einführung einer zusätzlichen vertikalen

Steuerungsebene in der Regulierung heimischer Emissionsquellen; Eliminierung der Be-

fürchtung von Wettbewerbsnachteilen auf Grund asymmetrischer Emissionspreise; und

das politische Signal einer multilateralen klimapolitischen Initiative. Mögliche Nachteile

sind Wohlfahrtsverluste durch verschlechterte terms-of-trade, sowie die Verstärkung neg-

ativer Auswirkungen bereits implementierter suboptimaler Politiken; eine Reihe von

möglicherweise nachteiligen Verteilungswirkungen; und die Notwendigkeit der engen

Koordination der Systemregulierung und der damit verbundene Verlust an Souveränität.

Schließlich wird die Option der Einbeziehung der Straßenverkehrsemissionen in cap-and-

trade Systeme untersucht. Eine empirische Analyse der Einbindung des Straßenverkehrs

in das EU ETS zeigt, dass diese Option keine Gefahren bezüglich der Wettbewerbs-

fähigkeit europäischer Industrien auf Grund steigender Zertifikatspreise birgt. Die Ein-

bindung der Straßenverkehrsemissionen sollte upstream erfolgen.
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Chapter 1

Introduction

International emission trading is prominently discussed as a policy instrument for miti-

gating global greenhouse gas emissions in academia and politics (e.g. Stern 2007; EU

Commission 2009). This thesis aims at providing economic and political analyses of this

policy approach.

The introduction outlines the broader context and structure of this thesis. It starts with a

brief recap of the basic physics of climate change (1.1). The overviews of climate change

impacts (1.2) and the economics of mitigation (1.3) prepare the discussion of balancing

costs and benefits of mitigation from a global perspective (1.4). As cost effective climate

policy instruments are critical for maximizing welfare, the basic economic rationale of

emission trading and main policy alternatives are briefly outlined in 1.5. Section 1.6

discusses the collective action challenge of international climate policy. Section 1.7 states

the main research questions and provides an overview of the remaining chapters of this

thesis.

1.1 Physics of climate change

In 1859, Tyndall was the first to experimentally demonstrate the absorption of thermal

radiation by complex molecules such as water vapor and CO2 - the greenhouse effect.

Svante Arrhenius followed to calculate the effects of an increasing atmospheric CO2 con-

centration on global mean temperature in 1895 (Solomon et al. 2007a, Ch.1).

The basic science of anthropogenic global warming is straightforward. Emission flows of

CO2 and other greenhouse gases such as CH4 and N2O from burning of fossil fuels, indus-

trial processes, and agriculture accumulate as stocks in the atmosphere. This intensifies

the natural greenhouse effect, and global mean temperature increases. Global warming

causes changes in earth system components including regional climate and weather pat-

terns, ecosystems, an increase of global ocean temperature, glacier melt, and rising sea

levels (Solomon et al. 2007a, Parry et al. 2007).

Carbon dioxide is the most important anthropogenic greenhouse gas due to its long at-

mospheric lifetime and the large quantities that are being released. Its main source is the

combustion of fossil fuels. As noted by the German sociologist Werner Sombart (1928),

the ability to use fossil fuel energy contributed to igniting the industrial revolution in the

11



12 Chapter 1 Introduction

19th century by enabling decoupling of economic growth from the limited and fluctuating

availability of wind, water, solar and biomass energy. Fossil fuels remain the backbone

of the global energy system until today (IEA 2009). From 1850 to 2009 industrial burn-

ing of fossil fuels has increased the atmospheric concentration of CO2 from 286ppm to

386ppm. Between 2005 and 2009 about 2ppm were added per year on average (Stern

2007; Tans 2010). The increased atmospheric GHG stock has already caused global an-

nual mean surface temperature to rise by 0.76◦C from the 1850-1899 to the 2001-2005

average (Solomon et al. 2007a).

The IPPC Fourth Assessment Report (AR4) estimates the range of year 2100 global mean

temperature increase across a number of emission scenarios from 1.1◦C to 6.4◦C (above

the 1980-1999 average (Solomon et al. 2007a)). Among the resulting changes in the

geophysical system are global sea level rise and triggering of so-called tipping elements,

which are briefly treated in more detail.

Historic global warming has already raised the average global sea-level by 0.17m between

1900 and 2000. This can be attributed to thermal expansion of oceans, glacier melt,

and melting of the Greenland and Antarctic ice sheets (Solomon et al. 2007a). Across

different global warming scenarios, Solomon et al. (2007a) expect additional sea level rise

of 0.18-0.59m by 2100 from thermal expansion of oceans only. More recent estimates also

include land ice melt and are summarized by Rahmstorf (2010) and NRC (2010). They

indicate a range of about 0.5 to 2m sea-level rise above today’s levels until 2100, across a

range of emission scenarios. To put these figures into perspective, in the last interglacial

period (125,000 years ago) the global sea level was 4-6m higher than today due to polar

ice melt, with average polar temperatures 3-5◦C higher than present (Parry et al. 2007).

Such polar temperatures are in line with IPCC projections for the year 2100 (Solomon et

al. 2007b). Overall, current land ice contains water to raise the global sea level by 64m

(Rahmstorf 2010).

Tipping elements are large-scale components of the earth system that may alter their qual-

itative state under global warming (Lenton et al. 2008). They are characterized by phys-

ical mechanisms, systemic impacts, the level of global mean temperature increase that

will trigger them, the pace at which they unfold over time, and the level of uncertainty

of knowledge. Tipping elements particularly relevant in terms of impacts, level of un-

derstanding and triggering at expected levels of global warming include melting of arctic

summer sea-ice, melting of the Greenland ice-shield and of the West Antarctic ice-shield,

turnover of the Atlantic Thermohaline Circulation, or chaotic changes in the Indian sum-

mer monsoon.

The two most sensitive elements with respect to global warming are arctic summer sea-ice

loss, which is expected to be triggered at about 0.5-2◦C warming above present (1980-

1999) level and the Greenland ice-shield, possibly triggered at 1-2◦C. The other elements

are expected to be tipped at global warming levels higher than 3◦C. Illustrating the me-

chanics of one tipping element melting of the Greenland ice shield periphery will reduce

the altitude of the ice-shield and hence its surface temperature, which reduces ice buildup

after summer melting. At 1-2◦C global warming this is expected to result in a feedback

loop with a timescale for full ice-shield collapse of >300 years. Complete meltdown of

the Greenland ice-shield will raise the global sea-level by 7m. It is essential to note that

the work by Lenton et al. (2008) crucially relies on expert assessments, and probability

distributions for all tipping elements are subject to significant uncertainty.
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While the basic science of climate change is very clear and rests on a broad evidence base

including laboratory experiments, historical climate data, and computer model simula-

tions, many uncertainties remain. They include future anthropogenic emission flows, the

removal rate of the atmospheric emission stock by the natural carbon cycle, the reaction

of the climate system to the emission stock in terms of the rate of global warming, and

the changes in earth system components in reaction to global warming (Solomon et al.

2007a). The implications of these uncertainties for policy are briefly discussed in Section

1.4.

1.2 Impacts of climate change

Global warming and related changes in the earth system are not a matter of concern per se

- the earth’s mean temperature, climate and sea level have fluctuated throughout the 4.5bn

year history of the planet. It is the problematic character of these changes as perceived

and assessed by humans that motivates the consideration of policy interventions. Evalu-

ation of climate change may draw on natural philosophy or ethical reasoning concerning

preferred states of nature or the relationship between humans and nature. E.g. large-

scale human interference with the planetary system may be conceived to be problematic

and worthwhile avoiding as such. An alternative perspective is to focus on the more di-

rect climate change-induced impacts on humans and human societies. Both approaches

represent legitimate lines of reasoning for the assessment of the consequences of global

warming. However, the brief discussion here focuses on the anthropocentric perspective,

i.e. impacts on humans and human societies.

Changes in earth system components induced by global warming impact humans differ-

ently across world regions, income groups, and other attributes. They include an increas-

ing number of extreme weather events such as droughts and floods, impacts on human

health, changes in food availability and damages or increased strain on built infrastructure

(Parry et al. 2007; NRC 2010). Illustrating the scale of risk from increased probabilities of

extreme weather events, in the last 50 years there were four hurricanes in coastal regions

(two in Bangladesh, and one each in China and Myanmar) that each lead to the death of

more than 100,000 people (Edenhofer et al. 2010a). Due to rising sea-levels, coastal re-

gions are particularly threatened by floods and resulting damages to human health, lives,

and built infrastructures. For example, sea level rise in the range of 0.5 to 1.0m above the

current level in 2100 would increase the number of people at risk from coastal flooding

by 5-200 million (NRC 2010).

It is essential to note that climate change impacts are distributed unevenly across the

world. For example, under moderate global warming agricultural yields are expected to

rise in the northern hemisphere (e.g. Scandinavia, Russia), but are reduced in already hot

and dry areas such as Sub-Sahara Africa (Edenhofer et al. 2010a).

The assessment of climate change impacts needs to take into account the ability of so-

cieties to adapt to changing circumstances and protect themselves from adverse changes

in their environment. This is captured by the concepts of ’vulnerability’ and ’adaptative

capacity’ (IPCC 2007). For example, in presence of rising sea-levels and increased risk

of floods, coastal populations may build new or raise existing dykes, or farmers facing in-

creasing drought periods can adjust crops and irrigation systems. Also, insurance schemes



14 Chapter 1 Introduction

e.g. in agricultural production can mitigate adverse impacts of climate change. Clearly,

more affluent societies and societies equipped with substantial financial, material and in-

stitutional capital will be better able to adapt to climate change-induced environmental

changes. By contrast, poorer societies with weak institutions (lack of adaptive capacity)

will find it more difficult to adapt and will be hit harder by adverse environmental changes,

i.e. they are more vulnerable to climate change (IPCC 2007).

Climate change-induced damages thus depend on global warming-induced physical

changes and their evaluated impact on humans, net of avoided impacts due to adaptation

plus the cost of adaption. This can be expressed in the following basic formula:

Net damage = Impacts w/o adaptation - impacts avoided by adaptation + adaptation
cost

The empirical specification of this formula entails formidable conceptual and norma-

tive challenges. As noted above, precisely predicting physical global climate change is a

daunting task due to the abundant uncertainties. The latter are even larger when it comes

to predicting regional and local climate change. Normative challenges arise in evaluat-

ing impacts on humans over time (e.g. Stern 2007, 2008; Nordhaus 2007), regions, and

income groups (and other relevant social attributes) as well as aggregating these to de-

rive collective public policy decisions. Shall impacts on human health, lives, migration

and violent conflicts (WBGU 2007) be evaluated in terms of money units to render them

comparable to other impacts, or is some level of disaggregation an non-monetary eval-

uation required? How to compare disaggregated impacts? Adaptive capacities and the

optimal and feasible levels of adaptation critically hinge upon future states of societies

and technologies, the proper prediction of which is another daunting but necessary task

for a proper assessment of climate change impacts.

How to deal with these conceptual challenges? One approach is scenario-based quantifi-

cation of damages that are measurable in and monetary terms, e.g. built infrastructure.

Such analyses yield climate change damage cost curves (e.g. Nordhaus and Boyer 2000).

Other impacts e.g. on human health, human lives, migration, or social conflict may be re-

ported in a disaggregated manner using appropriate non-monetary metrics, as attempted

by the ’burning embers’ approach (Smith et al. 2009). The final evaluation and weighing

of impacts can then be left to citizens and policymakers, to avoid that scientist prejudge

substantive normative questions. Section 1.4 briefly outlines the contours of a related

decision framework.

1.3 Economics of mitigation

The economics of climate change mitigation explore the technological, economic and

institutional options and costs of avoiding anthropogenic climate change and its adverse

impacts (Stern 2007). To discuss the key issues in GHG emission mitigation, Figure 1.1

provides a schematic overview of the basic drivers and effects of anthropogenic CO2 and

other GHG emissions, and the corresponding portfolio of mitigation options.
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Figure 1.1: GHG emission drivers and consequences, and the portfolio of responses to anthropogenic

global warming. Source: Kriegler 2007.

Drivers of CO2 emissions from fossil combustion can be decomposed into the Kaya Iden-

tity comprising population, GDP per capita, energy intensity of GDP, and carbon intensity

of the energy mix (Kaya 1990). Non-fossil GHG emissions inter alia result from land-use

and land-use change and industrial processes, and include other greenhouse gases such as

CH4, N2O, HFCs, PFCs, and SF6 (Metz et al. 2007).

Curbing GHG emissions requires addressing these drivers. The option of controlling pop-

ulation growth to avoid emissions raises serious ethical issues and is therefore usually not

considered in policy deliberations. Containing per capita affluence to mitigate emissions

entails ethical problems with regard to poor developing countries, and is politically highly

contentious in developed countries. Reducing the energy intensity of GDP may be im-

plemented via lifestyle changes (i.e. reducing the share of energy-intensive products in

total consumption) and more efficient industry processes and appliances. Carbon inten-

sity of energy supply is reduced by displacing fossil energy carriers with non-fossil energy

sources such as wind, solar, hydro, biomass, and nuclear energy. Finally, the option of

carbon capture and storage (CCS) involves separating the CO2 emissions resulting from

hydrocarbon combustion and storing them geologically to prevent their atmospheric re-

lease (Flachsland 2005; Metz et al. 2005). Non-fossil GHG and CO2 emissions may be

curbed by changing technologies and consumption patterns.

Two additional options that are often jointly referred to as ’geo-engineering’ are carbon

and radiation management. These approaches do not aim at eliminating the cause of

global warming, i.e. anthropogenic emissions, but intend to mitigate its impacts (Keith

2001). Carbon management foresees interventions in the global carbon cycle and at-

tempts to reduce the atmospheric stock of CO2, e.g. by iron fertilization of oceans to

enhance their absorption of carbon, or implementing ’air capture’ facilities that directly

remove CO2 from air. By contrast, radiation management deliberately modifies the en-

ergy balance of the planet by altering atmospheric radiative forcing, e.g. by injecting
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sulfur particulates into the stratosphere to prevent sunlight from entering the atmosphere,

which has a cooling effect on global mean temperature (Crutzen 2006). The argument

in favor of these approaches is that they entail the potential to mitigate potentially catas-

trophic climate change even if efforts to significantly reduce anthropogenic emissions fail

(Barrett 2008). Others emphasize the uncertainties and risk of adverse (possibly unin-

tended) side-effects on ecosystems and global and regional climate change (e.g. Feichter

and Leisner 2009). In addition, some approaches (e.g. sulfate injection) raise potentially

serious governance challenges and conflict potential, as these options can be unilaterally

implemented at low cost, with impacts potentially affecting many regions (e.g. regional

cooling having impacts on agricultural productivity) (Barrett 2007).

Integrated assessments models (IAMs) have emerged as standard tools to assess the eco-

nomic costs of mitigating climate change. IAMs usually model the global economy, the

energy and the climate system over long time-scales (100-150 years) and calculate the

cost of climate stabilization relative to a business-as-usual (BAU) scenario. These costs

are usually expressed as the reduction in the aggregated net present value of 100years

consumption or GDP in a stabilization scenario, compared to business-as-usual consump-

tion or GDP (see Edenhofer and Flachsland 2007). IAMs differ in their basic model

structure (e.g. general equilibrium or partial equilibrium, simulation or optimization,

perfect foresight or recursive dynamic, endogenous and exogenous efficiency improve-

ments), parametrization (e.g. technology costs and learning rates, resource prices, macro-

economic efficiency factors), and in the number of mitigation technologies they take into

account, e.g. whether a model includes CCS and mitigation of non-CO2 greenhouse gases

emissions. Model comparison projects elucidate such model differences, and enable to

track differences in assessments back to these approaches in design (e.g. Edenhofer et al.

2006; Edenhofer et al. 2010b).

IAMs and can be used to study the global and regional costs of attaining different levels

of climate stabilization (e.g. 2◦, 3◦, 4◦C global warming) for a number of scenario spec-

ifications. The scenario space usually includes a ’first best’ default setting with standard

assumptions on economic, technological and climate system parameters as well as per-

fectly cost-effective policy. ’Second best’ scenarios feature less optimistic assumptions

regarding technological and economic parameters (e.g. restricted availability of technolo-

gies (Edenhofer et al. 2010b), or less than perfect policy imperfection (e.g. delay of

climate mitigation efforts (Flachsland et al. 2010)). Such exercises illuminate the uncer-

tainty range of mitigation costs estimates not only under different climate stabilization

objectives, but also for different future states of the world.

Figure 1.2 shows an IPCC synthesis of studies that assessed the global cost of mitiga-

tion for different stabilization scenarios in terms of year 2100 GDP losses under first best

assumptions. At the time of the AR4 only few assessments of low-stabilization levels

in line with politically postulated stabilization targets such as the 2◦C objective (about

450-550ppm CO2eq stabilization) were available (Tavoni and Tol 2010). Several model

comparison studies exploring low-stabilization scenarios have been conducted more re-

cently (e.g. Edenhofer et al. 2009; Edenhofer et al. 2010a). Recent studies typically

find that global costs of mitigation in terms of discounted 2005-2050 GDP losses relative

to BAU under ’first best’ assumptions range from 0.5-2 percent for climate stabilization

targets with a more than 70 percent probability of achieving the 2◦C objective (Knopf et

al. 2010).
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Figure 1.2: Loss of year 2100 GDP in percent for different atmospheric GHG stabilization levels.

Source: Metz et al. (2007, Figure 3.25).

This range of ’first best’ estimates needs to be interpreted as the lower bound of mitigation

costs as they abstract from market and policy failures which are likely to prevail. A

robust finding from first and second best scenario analyses in model comparison projects

is that mitigation costs are lowest when a broad portfolio of mitigation technologies is

available and policies are effective in terms of harmonizing marginal abatement costs

across regions, sectors, and time. Constraining any of these conditions increases the cost

of mitigation (Knopf et al. 2010).

In addition to the economic costs of energy system transformation and abatement of non-

CO2 greenhouse gases, mitigation entails risks that are more difficult to monetize. These

include the impacts of high biomass consumption in the energy system on world food

prices and thus food access for the world’s poor; risks from nuclear power including

waste disposal, proliferation, accidents and terrorist attacks; or local risks from CCS such

as sudden CO2 release and groundwater pollution (Knopf et al. 2010). Other risks may

include social instability in some regions, e.g. developing countries, resulting from in-

creased energy prices, increased unemployment, or strongly reduced GDP growth rates.

While no systematic assessment of the risks of mitigation is available, it seems that a

systematic investigation - perhaps analogical to characterization of the risks of climate

change impacts in terms of ’burning embers’ (Smith et al. 2009) - would be helpful to

take these important aspects of climate policy assessment into account in a more struc-

tured and empirically founded manner than is currently the case.

1.4 Weighing the options

The previous two sections discussed basic aspects in assessing the impacts of global

warming and the costs of mitigation. As climate change damages will increase with the

level of global warming and costs of mitigation increase with the level of emission reduc-
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tion, the fundamental question arises which climate stabilization goal should be pursued?

There are several approaches to answering this question. Integrated Assessment Mod-

els that incorporate both monetized damages from global warming and energy system

and non-GHG mitigation costs provide one prominent framework (e.g. Nordhaus 2008).

These models endogenously optimize economic choices so as to harmonize marginal

costs of mitigation and marginal damages across regions, economic sectors, and time.

The resulting level of global mean temperature stabilization can then be interpreted as the

optimal global stabilization objective. The major merit of IAM cost-benefit analyses is the

integrated modeling framework that consistently and transparently accounts for relevant

features of the problem. However, each IAM represents a specific view on the mechanics

of the economy and the climate. To derive robust policy conclusions, one would want

to rely on a number of different model studies (Nordhaus 2008). The Stern Review pro-

posed two additional frameworks for deriving climate stabilization targets and based on

synthesizing a range of cost and benefit studies (Stern 2007, Ch.13).

First, one may regard mitigation as insurance against the impacts of climate change. Miti-

gation costs for different climate stabilization objectives across a range of models can then

be regarded as the premium to be paid for avoiding the risk of damages that occur beyond

the chosen stabilization threshold. While both mitigation costs and damages are subject to

uncertainty within and across models, this approach nevertheless represents an intuitively

appealing tool for framing the inevitable risk management inflicted by the climate change

problem (Arrow 2007). In fact, this approach emphasizes the precautionary principle in

dealing with climate change. However, unlike the economic optimization framework of

e.g. Nordhaus (2008) the framework of mitigation as insurance does not yield an ’op-

timal’ climate stabilization target in terms of harmonizing marginal cost and benefits of

mitigation. That is, while some mitigation program as insurance may be regarded as con-

vincing, it may actually pay off to implement a more (less) ambitious mitigation program

if the benefits of additionally avoided damages exceed (are lower than) the costs of the ad-

ditional mitigation effort. Also, this approach imposes heavy informational requirements

on anyone weighing the risks of climate change against the costs of mitigation if costs

and risks are not obtainable in the same metric, e.g. monetary values.

Thus, a second approach is aggregated cost-benefit analysis. Aggregate monetary net

present values of damage and mitigation cost estimates from different studies can be as-

sembled to yield intertemporally aggregated damage and mitigation cost curves as illus-

trated in Figure 1.3. Choice of the optimal stabilization objective can be formulated as a

cost-minimization problem, where the sum of the two total cost curves (the grey dotted

curve) is to be minimized yielding the optimal stabilization level ◦C*. 1

Uncertainty over damage and mitigation cost estimates can be taken into account by popu-

lating the diagram in Figure 1.3 with a number of mitigation and damage cost studies (see

Figure 1.2), yielding curves that indicate the upper and lower end of the estimates (see

also Stern 2007, Fig. 13.3). This yields the optimal range rather than a point for global

climate temperature stabilization. The lower end will be indicated by the combination

of lowest mitigation/highest damage cost cases, to the upper end of climate stabilization

indicated by the highest mitigation /lowest damage cost estimates.

1This point indicates where marginal costs are equal to marginal damages. See Stern (2007, Fig. 13.3)

for a similar schematical illustration displaying marginal costs and damages in terms of net present value of

expected utility on the vertical axis.
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Figure 1.3: Deriving a global stabilization target. Upper part indicates how monetized net present

values of mitigation costs and benefits are balanced. Lower part indicates stylized disaggregated risk

categories from climate change and mitigation. The dotted orange section of arrows indicates low

risk-, the red continuous line the high risk-level for a given category of risks.

As displayed in the lower part of Figure 1.3, this framework can be expanded to take

disaggregated monetary and non-monetary risks from climate change and mitigation into

account. For climate risks, the arrows indicate the increasing level of risk as temperature

levels increase.2 Risks from mitigation decrease with rising temperature levels, i.e. they

increase with more ambitious climate stabilization objectives (lower temperatures).

This allows checking whether the stabilization level suggested by the monetized cost

curves entails embracing a particular risk or class of risks that (some) citizens, policy-

makers and stakeholders considering climate stabilization objectives may be unwilling

to run. That is, this enables to transparently weigh and discuss aggregate monetized as

well as disaggregate risks from climate change and mitigation within one framework, thus

revealing trade-offs in global climate policy.

The framework is also helpful for understanding different positions prevailing in the pol-

icy debate over a global climate stabilization target (Luderer 2010). ’Environmentalists’

can be characterized by the - often implicit - assumption that the damage cost curve is rel-

atively steep, while the costs of mitigation are rather low (Figure 1.4a). Consequently, this

results in support for more ambitioned climate stabilization targets.3 ’Climate sceptics’,

2See Smith et al. (2009) for an empirical analysis of increasing disaggregated risks of climate change.
3Alternatively, environmentalists may regard a certain class of non-monetary risks of climate change,

e.g. flooding of low-lying islands, as so costly that they are willing to expend substantial costs of mitigation

to mitigate these risks. If the unit of the vertical axis in Figure 4 is set in terms of welfare rather than money,

this concern can also be represented by steep benefit curves.
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Figure 1.4: Different cost-benefit assessments by ’environmentalists’ and ’sceptics’. The grey curve

indicates mitigation costs, the black line the benefits from mitigation (i.e. climate damages). Due

to the different assessment of the shape of the curves, the ’environmentalist’ would choose a higher

temperature stabilization level than the ’sceptic’. Source: Luderer et al. (2010).

by contrast, explicitly or implicitly assess damages to be rather low and the mitigation

cost curve to be relatively high (Figure 1.4b). Thus, they propose less ambitious climate

stabilization targets.

What is the role of science in this policy debate that is characterized by large uncertainties

and absence of consensus regarding important normative decisions? Pielke (2007) sug-

gests the role of scientists as honest brokers of policy alternatives. In the climate change

context, science may aim at (i) assembling systemic knowledge about the economics,

physics and ecology of mitigation and climate damages by describing and modeling the

relevant processes, while (ii) making explicit the normative choices embedded in these

analyses. That is, scientists ought to populate Figure 1.3 with consistent world views that

entail the full range of optimistic and pessimistic assumptions regarding future states of

the world to provide upper and lower limits regarding costs and benefits. This should be

done for different - potentially representative - normative choice sets. Particularly con-

tended aspects should be represented in a disaggregated manner, where possible, to make

them visible to stakeholders. This approach will indicate if there is some type of minimum

consensus on climate change policy choices, and what are the key systemic and normative

assumptions that lead to differences in the assessment of optimal climate policy.

Making normative assumptions explicit and separating them from systemic features as far

as possible is crucial to ensure that science provides information that serves as a transpar-

ent foundation for a democratic political debate on public policy. Such an approach will

contribute to avoiding that intrinsically political debates - i.e. debates in which values at

stake are not shared - become delegated to expert communities bound to arrive at con-

sistent policy conclusions, which are then presented to society as technocratic necessities

(Edenhofer and Flachsland 2008). The latter approach not only undermines democratic

structures and fosters the emergence of Weber’s bleak vision of a technocratic rule of ex-

perts (Weber 1918), but is highly likely to result in bad policy. Engaging a broad range

of societal perspectives, capacities and critical potential in public policy discussions will

eliminate mistakes and reveal policy alternatives (Ostrom 2005).
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1.5 Cost-effective mitigation policies

Cost-effectiveness in the context of climate change mitigation is defined as achieving a

given amount of emission reductions at least possible costs. By symmetry, a cost-effective

policy yields the maximum amount of abatement for a given amount of mitigation expen-

diture (Metz et al. 2007, Ch.13)

A necessary economic condition for cost effective mitigation policy is that all actors -

across regions, sectors, and time - that control abatement options face the same marginal

cost of abatement for activities that lead to the emission of greenhouse gases. If this con-

dition is fulfilled, all actors face an incentive to implement emission reductions options

that cost less, or just as much, as the marginal cost of abatement. If climate change miti-

gation would only entail addressing the emission externality, and if agents were perfectly

rational and perfectly informed - as assumed e.g. in many integrated assessment models

- meeting this condition is sufficient to ensure maximal cost effectiveness of mitigation

policy.

For illustration, consider Figure 1.5. It displays two entities that aim at achieving a given

aggregate amount of emission reductions, represented by the length of the vertical axis.

Both entities need to reduce the same amount of emissions Qaut. But since entity A has

a less costly schedule of abatement options at her disposal than entity B, the marginal

abatement costs (MCaut) of the two players diverge. If A would provide a bit more

low-cost abatement, B would be able to reduce her more costly abatement and the same

environmental target would be achieved at lower overall cost. This reasoning applies

until marginal costs are harmonized at MC* (and allocation of abatement between the

two entities results as indicated by Q*). With harmonized marginal abatement costs, no

improvement in cost-effectiveness is attainable. The volume of the overall efficiency gain

is represented by the sum of the shaded areas X and Y.

The two entities may be two emitting facilities such as power plants, or two economic

sectors, or two countries - the basic rationale is the same in all cases. It provides the

foundation for much of the economic considerations regarding international and cross-

sector emission trading throughout this thesis.

The desirable theoretic features of emission trading have prompted many to propose

its implementation on the global scale (UNCTAD 1992; Vattenfall 2006; Wicke 2004;

Stern 2007; WBGU 2009). Indeed, in its First Commitment Period running from 2008

to 2012 the Kyoto Protocol established a cap-and-trade system for ratifying Annex-B

countries, while non-Annex-B countries can implement Clean Development Mechanism

(CDM) projects that generate emission reduction credits against a business-as-usual base-

line (Yamin and Depledge 2004). In parallel, the European Union implemented its land-

mark EU Emission Trading System (EU ETS) regulating emitting entities that represent

about 40 percent if European GHG emissions (Skjaerseth and Wettestad 2008; Ellerman

et al. 2010). While the First Commitment Period of the Kyoto Protocol (but not the

Protocol itself) will end in 2012 without international consensus on whether or not a Sec-

ond Commitment Period will follow, the European Union has adopted legislation that

specifies how the reformed EU ETS will continue to operate until 2020 and beyond (EC

2009). Also, the European Union pursues the creation of an OECD-wide cap-and-trade

market by 2015 that links to sectoral crediting schemes in major developing economies,
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Figure 1.5: Efficiency gains from harmonizing marginal abatement costs across different entities.

which would later adopt binding emission constraints and cap-and-trade systems for im-

plementing these (EU Commission 2009). Figure 1.6 illustrates the basic architecture of

the Kyoto Protocol trading system, while Figure 1.7 indicates the state of development of

regional cap-and-trade systems.

Emission trading is not the only policy instrument for controlling GHG emissions. Carbon

taxation is the major market-based4 policy alternative. In fact, in a simple framework

there is a simple duality between emission trading and carbon taxation. A specific level of

abatement is achieved by either setting the respective quantitative target, of by specifying

a carbon tax at the level of the marginal costs of abatement required for achieving the

specific abatement target (see Figure 1.4). Under specific circumstances, e.g. uncertainty

over the costs and benefits of mitigation, an asymmetry between the two instruments may

arise (Weitzman 1974; Hepburn 2006).

Technology standards are the most prominent non-market instrument in the context of

climate policy. They include technology standards to attain absolute emission targets for

single facilities, e.g. prohibiting the operation of old and inefficient plants, or emission

intensity standards for infrastructure or vehicles. In fact, such policies create implicit

marginal abatement costs that are unlikely to be harmonized across emitting entities due

to the high informational requirements of setting standards in cost effective manner. This

is the major reason why many economists disfavor direct regulation. Nevertheless, in

presence of well-defined market failures they can have an important role to play (Stern

2007; see also Chapter 5 of this thesis).

4’Market-based’ means that policymakers prescribe an emission price or quantity goal, while relying on

market mechanisms to ensure that the goal is attained in a cost effective manner.



1.5 Cost-effective mitigation policies 23

Figure 1.6: The international emission trading architecture under the Kyoto Protocol. Annex-B coun-

tries that ratified the Protocol have adopted national caps and may trade emission permits on the level

of governments, while non-Annex-B countries are eligible for hosting CDM projects.

Figure 1.7: Overview of the current state of development of regional company-level cap-and-trade

systems. Status: July 2010
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1.6 Climate policy in a decentralized world

The global perspective is useful for identifying the structures of the climate change prob-

lem, and it is vital to inform climate policy proposals that argue from a global point of

view (e.g. Stern 2009). The international political system, however, is fundamentally

characterized by a state of ’anarchy’. Of course, there are a large number of explicit

and implicit rules and norms that are generally observed or that constitute issue-specific

policy regimes. But the monopoly of power and legitimacy for policymaking ultimately

rests with sovereign states that are guided by notions of self-interest (e.g. Barrett 2003;

Keohane 1984). There is no global government that aggregates preferences across world

regions and accordingly implements policies at the global scale. Acknowledging the de-

centralized character of global governance and the prevalence of national self-interest has

profound implications for the analysis of international climate policy regimes. In partic-

ular, the structure of the climate problem suggests that it is a textbook example of the

collective action dilemma of providing a global public good.

As shown by Barrett (1994),5 nation states face strong free-rider incentives when unilat-

erally deciding about their supply of GHG emission reductions. This is because all parties

benefit from the abatement of one party, while the costs of abating are borne by the pro-

viding party only. In a stylized formulation limited to symmetric players and two discrete

decisions (abate or not abate), self-interested players will compare the payoffs for these

two decisions, given the decision of others. If the net payoff from abating is lower than

from polluting, a country will choose not to abate. Barrett (1994, 2003) shows that in

absence of an international agreement and for a range of reasonable benefit and cost func-

tion specifications none or only very few parties will provide emission reductions. The

aggregate supply of the public good falls short of the amount that players would collec-

tively prefer - if all countries would abate, their collective and individual welfare would

be enhanced.

For an illustration of this dilemma situation - usually termed ’prisoners dilemma’ - con-

sider the payoff matrix and its visualization in Figure 1.8. Assuming symmetric players,

it shows the payoffs for abating and polluting for a party depending on how many other

parties already play abate (’number of abaters’). No matter how many other players play

’abate’, the payoff for ’pollute’ is always higher. Therefore, each player resorts to ’pol-

lute’.

But nation states are not ignorant, they know about this problem and they are able to com-

municate. They can meet and propose deals to each other: "If coordinating our behavior

would serve our best common and individual interest, surely we can strike a deal where

everyone agrees to play ’abate’?" The theory of International Environmental Agreements

(IEAs) represents such negotiations by analyzing coalition formation between parties that

adopt joint welfare maximization, i.e. countries consider abatement decisions that would

maximize the overall benefit of a cooperating coalition (Barrett 2003; Finus 2001). Each

country then faces the question if its individual payoff is higher being in- or outside such

a coalition. Carraro and Siniscalco (1993) show that for games involving a small number

of players such agreements improve the prospect for cooperation and welfare.

Problems start when more than two parties are involved (the UNFCCC has 192 par-

5See also Barrett (2003, 2005), Finus (2001), and Carraro and Siniscalco (1993).
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Figure 1.8: Structure of a 6-player prisoners’ dilemma with symmetric players.

Figure 1.9: Structure of a 6-player chicken game with symmetric players.

ties)(Barrett 2003, Ch.7). Given that some parties provide some amount of the public

good, the net balance of costs and benefits (i.e. payoff) for additional parties that consider

whether or not to join the treaty speaks in favor of ’pollute’ rather than ’abate’. This is

illustrated in Figure 1.9. In this game the stable equilibrium features three players playing

’abate’ and three players playing ’pollute’. Consider the situation that no player chooses

’abate’. One country proposes to play ’abate’ to two other parties because it knows that

each of them will be better off entering the coalition (the payoff is 45) than having no

coalition at all and play pollute (with a payoff of 0). But once the 3-player coalition of

the willing has formed to play abate, the other players are better off playing ’pollute’ and

taking a free-ride.6

The collective action dilemma would not arise if there was a world government in place,

i.e. an institutional arrangement for legitimate implementation of policies on the global

6The fact that there are one or a few players providing the public good and receiving lower total payoffs

than the free riding parties gives this game its name - ’chicken’. The three cooperating parties can be

regarded the ’chicken’ that have ’backed off’ into a relatively worse position, reminding of the game where

two cars drive towards each other (or towards a cliff) and where both players have an incentive that one of

them back off, but the player backing off loses reputation relative to its adversary.
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scale with provisions to enforce these. In fact, a global legal framework with strong

enforcement powers that would enable countries to enter into binding contracts would also

allow countries to overcome their dilemma. But there is no third party ’Leviathan’ that can

serve these functions. Instead, sovereign nation states are always free to withdraw from

contracts. Therefore, international agreements need to be stable in the sense that leaving

the agreement would make a party worse off compared to being inside the agreement

(internal stability), and joining it would make a non-party worse off compared to free-

riding (external stability). In short, international environmental agreements need to be

self-enforcing (Barrett 2003).

Given this diagnosis, is there any rational ground for hoping that the apparent social

dilemma entailed by global climate policy can be resolved? Are attempts at negotiating

an international agreement to coordinate domestic abatement efforts inevitably doomed

to fail?

The paradox of international environmental agreements identified by Barrett (1994) is a

helpful starting point for such considerations. It identifies how cost and benefit parameters

in a simple IEA game determine outcomes in terms of global welfare and membership

level. The paradox states that where IEAs are most useful, i.e. where they improve

welfare most compared to the non-cooperative equilibrium, they are not self-enforcing

and cannot become implemented. By contrast, when international agreements do not

contribute much to improve welfare compared to unilateral action, they are able to attract

broad participation.

While this does not sound very promising, it is important to consider the cost-benefit pa-

rameter constellations evoking these outcomes. When marginal costs of mitigation are

high relative to the marginal benefits, unilateral abatement levels will be low, as will be

participation in a global agreement. A global agreement can improve welfare signifi-

cantly, but does not attract participation due to the pervasive free-rider problem. When,

by contrast, marginal benefits are high relative to marginal costs, much abatement will

already be provided in the unilateral case, and an agreement with broad participation can

be achieved, even though the additional effect of the agreement - compared to purely

unilateral strategies - is rather low.7

This underlines the importance of empirically specifying the cost and benefit parameters

for different countries in the world (see Sections 1.2 and 1.3). In a casual survey of

mitigation and damage cost assessments, Barrett (2003) comes to the conclusion that

climate change is indeed a collective action dilemma. Improving knowledge over the

regional marginal cost and benefit parameters in the climate game would do much to

better understand its structure.

In terms of observable behavior, the Copenhagen UNFCC Conference of Parties in 2009

made it clear that an ambitious climate agreement is hard if impossible to agree at least

in the short term. Although the 2◦C objective was adopted with a revision clause to even

consider 1.5◦C stabilization by the year 2015, the unilateral pledges submitted after the

conference add up to a best estimate of 3.5◦C climate stabilization (Rogelj et al. 2010).

7Barrett (2003, Ch.8) argues that this was an important feature of the Montreal Protocol for Protecting

the Ozone layer, hailed as one of the most successful IEAs. Barrett’s analysis suggests that much if not all

of the high levels of abatement of ozone-depleting substances would have occurred even in absence of the

Protocol, because doing so was in countries’ self interest irrespective of other players’ behavior.
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Also, the institutional provisions discussed in the Accord are insufficient to coordinate the

significant global abatement effort that is required to meet the 2◦C objective (Hare et al.

2010). As the Copenhagen Accord pledges are unilateral and non-binding, this document

can hardly be interpreted as an international agreement in the sense discussed above.8 The

more appropriate interpretation of the Accord seems to be that it merely documents the

current equilibrium in unilateral abatement strategies.

The question naturally arises if there are any policies that may help to improve upon the

status quo and shift the world community closer towards the socially optimum equilib-

rium. There appear to be a number of strategies which may be individually insufficient

to fully resolve the problem, but may yield non-marginal changes when being combined.

Major options include:

• Adopting cost-effective policies to minimize the costs of abatement

• International transfers that exploit gains from cooperation and asymmetries between

countries, to buy-in free-riders into a coalition of mitigating countries. This may

be achieved via allocations of valuable allowances in international emission trading

systems, direct financial, or in-kind transfers (Carraro et al. 2006; Lessmann et al.

2009)

• Linking climate policy negotiations with other international issues featuring a differ-

ent payoff structure, e.g. research and development cooperation or trade policy, to

enhance the outcome of the climate game (e.g. Lessmann 2010; Zelli 2010)

• Realizing co-benefits to reduce the net-costs of abatement (Ostrom 2009), or to in-

duce climate protection as a co-benefit of pursuing other goals (Prins et al. 2010)

• Technological change may have the potential to transform the climate game into a

coordination game with two stable equilibria. The hypothesis is that once a critical

mass of countries adopts policies to drive down the costs of low-carbon technologies,

it may become beneficial for all to join the abatement effort (Heal 1999).

• Ethical and behavioral considerations may play a role if nations deviate, to some ex-

tent, from the behavioral assumption of pure self-interest and e.g. take the benefits of

abatement for others into account when deciding on public good provision (Ostrom

2005; Messner 2010).

None of these options promises an easy way out of the climate dilemma. But in terms of

next useful steps for climate policy it is not impossible to conceive of a world where coun-

tries implement efficient but perhaps initially not very stringent climate policy instruments

such as cap-and-trade systems, possibly on the sub-national scale, to find out that climate

policy instruments do not slash economic growth; adopt policies that realize co-benefits;

where countries, firms and individuals engage in developing and deploying low-carbon

8It is important to note that even the United States’ pledge of 17 percent emission reductions below

the year 2005 level in 2020 is conditional on the adoption of domestic U.S. climate and energy legislation.

Such legislation is now unlikely to be adopted in the foreseeable future due to opposition by all Republican

and some Democratic Senators. Major arguments against the adoption of the domestic climate and energy

package in the U.S. debate are the high domestic abatement costs and fears over free-riding by China.
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technologies to reduce costs; where initial coalitions of countries agree on side payments

by financing low-carbon investments in developing countries or linking trading systems;

and where people engage in debates on how much they value and are willing to contribute

to avoiding the risks of climate change on future generations and in other world regions.

While it is by no means guaranteed that mankind will be able to unwind itself from the

apparent social dilemma inflicted by climate change, these policy approaches promise

mutually beneficial improvements upon the status quo of international climate policy.

1.7 Thesis objective and outline

The review of the climate policy problem in this introduction has shown that cost effec-

tive policies are crucial to minimize the costs of mitigation and enable more ambitious

abatement efforts, to improve international cooperation, and thus enhance welfare. Emis-

sion trading has been adopted under the Kyoto Protocol and within the European Union

to implement emission reduction targets in a cost effective manner, and there are plans to

set up regional emission trading systems in other world regions. Against this background,

proposals have been made to set up an integrated international, if not global carbon market

over time. Within the next years and decades, the global community will have to decide

on whether, and how to devise an international emission trading regime.

The overarching objective of this thesis is to support this decision-making process by an-

alyzing in more detail the main design options, benefits, and challenges of implementing

an international carbon market.

While the global perspective on climate policy is important, it is essential to take into

account the decentralized structure of the international political system. Therefore, the

articles assembled in this thesis adopt both the global as well as regional perspective.

They aim at contributing to answer three sets of research questions:

1. What are the major institutional options for creating an international carbon market?

What are their relative strengths and weaknesses in terms of environmental effective-

ness, cost effectiveness, and political feasibility?

2. What are the major benefits and disadvantages a regional policymaker needs to take

into account when considering a link of the domestic trading system to another car-

bon market? What are the impacts of linking sectorally restricted systems in terms of

environmental effectiveness, cost effectiveness and welfare when taking into account

international trade in goods?

3. Should the road transport sector be included to company-level cap-and-trade sys-

tems? What is the proper institutional design for road transport inclusion to cap-and-

trade systems? Would adding the road transport sector to the EU ETS induce adverse

economic effects for Europe?

Chapter 2 offers an analysis of five potential architectures for international emission trad-

ing, ranging from a top-down approach that would instantaneously create a global trading
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system to a purely bottom-up approach that would feature autarkic regional systems. In-

termediate approaches include a continuation of the Kyoto Protocol trading system, for-

mal linking of regional emission trading systems, and indirect linking of regional systems

via crediting mechanisms. The five approaches are compared in terms of their prospective

environmental effectiveness, cost effectiveness, and political feasibility. This chapter has

been published in Energy Policy.9

Chapter 3 investigates in more detail the option of linking domestic cap-and-trade sys-

tems. A range of expected economic and political benefits as well as potential nega-

tive economic, political and regulatory consequences is identified. The chapter adopts a

domestic policymaker’s perspective to develop a framework that may be applied when

considering specific links between any two cap-and-trade systems. In an application, a

hypothetical link between the EU ETS and a U.S. cap-and-trade system along the lines of

the Waxman-Markey proposal is analyzed. Major trade-offs arising in a linking decision

are identified. This chapter has been published in Climate Policy.10

Chapter 4 further refines the analysis of linking regional cap-and-trade systems by apply-

ing a trade theoretic analytical general equilibrium model. A series of scenarios mimick-

ing a link of the EU ETS with a hypothetical U.S. or Chinese trading system are investi-

gated to explore the impacts of linking on carbon leakage, competitiveness, and welfare.

The analysis focuses on effects induced by international trade in goods and on the effects

of linking when emission trading systems cover only some sectors of the economy. This

Chapter has been submitted to Resource and Energy Economics.11

Chapter 5 investigates the option of including the road transport sector into cap-and-trade

systems. First, the basic rationale for deploying market-based polices alongside tradi-

tional instruments in this sector is reviewed. Second, the relative merits of cap-and-trade

and carbon taxation are discussed. Third, the institutional design of cap-and-trade regu-

lation of road transport emissions is investigated, in particular the choice of the optimal

point of regulation when considering alternative fuel chains. The options are compared

in terms of environmental effectiveness, cost effectiveness, and transaction costs. Finally,

an economic analysis of adding the European road transport sector to the EU ETS is

conducted based on year 2020 marginal abatement cost curves from several economic

models. This analysis focuses on changes in the EU allowance price when adding road

transport, as concerns over carbon leakage due to rising allowance prices figure promi-

nently in the European debate of this policy option. This Chapter has been submitted to

Energy Policy.12

Chapter 6 provides a synthesis and outlook on further research.

9Flachsland, C., R.Marschinski, O. Edenhofer (2009): Global Trading versus Linking. Architectures for

international emissions trading. Energy Policy 37, 1637-1647.
10Flachsland, C., R. Marschinski, O. Edenhofer (2009): To link or not to link: Benefits and disadvantages

of linking cap-and-trade systems. Climate Policy Special Issue on ’Linking Emission Trading Schemes’ 9,

358-372.
11Marschinski, R., C. Flachsland, M. Jakob (2010): Linking carbon markets: A trade theory analysis.

Submitted to Resource and Energy Economics.
12Flachsland, C., S. Brunner, O. Edenhofer, F. Creutzig (2010): Climate Policies for road transport

revisited: Closing the policy gap with cap-and-trade. Submitted to Energy Policy.
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1. Introduction

The last years have witnessed a considerable amount of
political activity geared towards the establishment of emissions
trading systems. Amongst other things, this reflects the fact
that emissions trading is generally seen as an indispensable pillar
of climate change mitigation, and is expected to constitute a key
building block of future international climate policy (e.g. Stern,
2007).

The Kyoto Protocol and the Marrakesh Accords established an
inter-governmental trading system that is set to run for five years,
from 2008 until the end of 2012. On this market, which covers the
emissions of 37 states, representing 29% of the world’s CO2

emissions in 2004 (CAIT, 2008),1 governments can trade emission
permits—here called Assigned Amount Units (AAU)—which
in principle allows to minimize the costs of compliance with
their Kyoto reduction targets. They can also use credits generated
under the Joint Implementation (JI) and Clean Development
Mechanisms (CDM).

Even earlier, in 2005, the European Union launched its
emission trading system (EU ETS), which regulates about 10,000
facilities that currently emit around 2Gt of CO2 per year
(Skjaerseth and Wettestad, 2008). With a value of 50bn US$ the
EU ETS dominates the international carbon market, which totaled
to 64bn US$ in 2007 (Capoor and Ambrosi, 2008). EU policy-

makers have emphasized that, irrespective of the outcome of the
UNFCCC negotiations on a post-Kyoto climate policy package, the
EU ETS will remain in place even after 2012 (EU Council, 2007).

Plans for the introduction of domestic emissions trading
systems are also underway in several other Annex-I countries.2

These regional activities are flanked by the recent establishment
of the International Carbon Action Partnership (ICAP), a forum
that was created with the explicit intention of exploring the ‘‘(y)
potential linkage of regional carbon markets’’ (ICAP, 2007).

These developments can be understood as manifestations of
two different approaches towards the establishment of emissions
trading systems: first, there is the top-down approach, character-
ized by a centralized multilateral decision-making process and
embodied in the UNFCCC negotiations. Second, there is the
bottom-up approach, associated with decentralized decision-
making of individual nations or sub-national entities that
implement emissions trading systems uni-, bi- or plurilaterally
(Zapfel and Vainio, 2002).

These processes yield two different types of institutional
architectures for international emissions trading. The back-
bone of ‘top-down’ architectures is emissions trading between
governments, while ‘bottom-up’ architectures rest upon the
implementation and possible linkage of regional systems, based
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2 On the national level these include New Zealand, Australia, Switzerland, the

United States, Canada, and Japan. Sub-national initiatives for emissions trading
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Western Climate Initiative (WCI), and the Midwestern Greenhouse Gas Accord),

Canada (some provinces are members to WCI), and Japan (Tokyo and Kyoto).
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on company-level emissions trading. This article aims to describe,
analyze and compare these different institutional architectures.3

In the course of our analysis, we will argue that top-down and
bottom-up architectures show characteristic differences in three
key aspects. These are:

� environmental effectiveness
� cost-effectiveness
� political feasibility

Our main findings can be summarized as follows: because of
their inclusiveness, top-down approaches tend to cover a larger
share of global emissions and thus offer a higher degree of
environmental effectiveness than bottom-up approaches. How-
ever, a significant share of global emissions could also be captured
by means of a decentralized approach, in which a carbon market is
created by linking existing domestic or regional ETS. The
environmental effectiveness of both approaches can be enhanced
by integrating baseline-and-credit schemes, e.g. the CDM of the
Kyoto Protocol.

If emissions price equalization is the sole criterion, top-down
approaches also fare better in terms of economic effectiveness.
But if plausible market imperfections associated with emissions
trade between governments (such as market power or informa-
tion asymmetries) are taken into account, price equalization is
unlikely to be a sufficient criterion for efficiency, which requires
the equalization of marginal abatement costs. Bottom-up ap-
proaches, based on preexisting trading systems between compa-
nies, provide a more robust price signal, and can be very efficient
once they are ‘linked’.

High political feasibility emerges as the main strength of
bottom-up approaches, and, at the same time, biggest hurdle for
top-down architectures. For the latter, a full international
agreement on burden-sharing constitutes a condition sine qua
non, while the former lends itself to the formation of a coalition-
of-the-willing with subsequent enlargements.

We conclude that the apparantly intuitive view of bottom-up
and top-down approaches as (imperfect) substitutes needs to be
amended. In as much as bottom-up trading architectures bring
about not the optimal, but the feasible, they remain a second-best
alternative to a top-down global cap-and-trade system in terms of
environmental effectiveness. However, when viewed as building
blocks that allow putting a cost-effective and expandable carbon
market into place without further delay, their supportive role in
the eventual establishment of a global carbon market becomes
apparent.

The remainder of our contribution is organized as follows: we
begin in Section 2 by addressing questions of terminology and
definition. Top-down architectures are described and analyzed in
Section 3, bottom-up architectures are dealt with in Section 4.
A comparative analysis and discussion are given in Section 5. We
summarize our findings and present our conclusion in Section 6.

2. Definitions

Discussions about emission trading systems use a distinct
lingo, drawing on a number of terms and concepts (e.g. offset
credits) that are relatively new, and sometimes lack a clear
definition. Hence, before introducing the conceptual framework

for the analysis and comparison of different ETS architectures, we
want to briefly clarify the basic terminology, as employed in this
article.

Cap-and-trade systems set a binding, absolute cap on total
emissions, but allow for certificates—corresponding to the right to
emit a specific volume of emissions—to be traded among the
covered entities, which are either nations or companies. The Kyoto
Protocol trading system for Annex-B countries is an example
for cap-and-trade at the governmental level, while the EU ETS
operates at the company level. In contrast, baseline-and-credit
systems define a certain baseline such as a business-as-usual
projection or a relative target, and only allow emission reductions
that go beyond this baseline to be used as sellable credits (often
referred to as ‘offsets’). In this study, we understand baseline-and-
credit systems as non-binding systems, meaning that there is no
penalty if the baseline is exceeded. The CDM and JI mechanisms
established under the Kyoto Protocol are examples of such non-
binding baseline-and-credit systems.

We use the terms carbon market and emissions trading system
interchangeably to refer to both cap-and-trade and baseline-
and-credit systems. The more general term emissions trading
architecture is used to denote the overarching structure of
relations between emissions trading systems that are implemen-
ted all over the world. Different emissions trading architectures
can be compared with regard to their degree of integration or
fragmentation.4 Fragmentation means that there are several
trading systems with none or only few linkages and, correspond-
ingly, different prices for permits. Integration occurs if there is
either only one global trading system or there are sufficient
linkages between different carbon markets to lead to an equal-
ization of permit prices across these systems.

In what follows, we interpret the ongoing political efforts in
terms of two systematically different approaches, namely the
‘top-down’ and the ‘bottom-up’ approach to international emis-
sions trading. In our comparative analysis, we will argue that the
associated emissions trading architectures differ particularly in
three aspects, which we set out beforehand.

Environmental effectiveness refers to the capability of an
emissions trading architecture to bring about significant reduc-
tions in global emissions. Its potential for doing so depends, first
of all, on the share of global emissions that are actually covered
by the emissions trading regime. But taking that as given and
assuming a certain emissions target is, however, not sufficient
for evaluating its environmental effectiveness, because the off-
setting effect of leakage is neglected.5 Formally, the percentage

reduction of global emissions can be expressed by the following
equation:

Global Reduction ¼ Regime Reduction x ðRegime Emissions=Global EmissionsÞ
x ð1� Leakage RateÞ
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3 ‘Intermediate’ architectures situated in between the basic cases of bottom-

up and top-down are, of course, also conceivable, e.g. in the form of harmonized

national policies (we thank the referee for pointing this out). However, since we

focus on international emissions trading and the way it is implemented under

different architectures, these cases are not treated here.

4 In distinguishing integrated and fragmented architectures, we draw on

Biermann et al. (2007) who define universalism–which corresponds to our notion

of integration–as ‘‘(y) a situation in which all countries of relevance in a given

issue area (a) are subject to the same regulatory framework; (b) participate in the

same decision-making procedures (y); and (c) agree on a core set of common

commitments.’’ Fragmentation occurs if these conditions are violated.
5 Leakage occurs if the regulation of emission intensive industries in one

country leads to an expansion of those industries in other, less or unregulated

countries, due to a shift in comparative advantage. The impact of this effect will

depend on a number of factors, including the size of the carbon price differential,

the trade exposure of affected sectors, and the relative importance of the expected

persistence of the cost gap for investment decisions. International sectoral

agreements, border tax adjustments and the free allocation of allowances

(Neuhoff, 2008) have been proposed to address leakage concerns. In general, the

available evidence suggests that this effect would not be a serious problem in most

sectors, at least in the short- to mid-term (Stern, 2007; Neuhoff, 2008; The

Economist, 2008).
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Because our study focuses on different approaches towards
the establishing of a global carbon market, we deliberately
abstain from a political economy discussion of how and at which
level emissions targets are ultimately set. However, we realize
that–considering the decisive role this parameter plays for the
actual environmental effectiveness–for accuracy we should rather
speak of the potential environmental effectiveness of a trading
architecture.

Cost-effectiveness requires the minimization of the costs of
achieving a given emissions reduction target. Conversely, cost-
effectiveness also means that a given amount of abatement
expenditure leads to the highest possible emission reduction.
From a standard result of environmental economics it is well
known that cost-effectiveness depends on the equalization
of marginal abatement costs across all regions and sources (e.g.
Tietenberg, 2003). In theory, market instruments such as permit
trade or harmonized taxes ensure cost-effectiveness by associat-
ing a unique price with the ‘bad’ emissions, which, in equilibrium,
corresponds to the marginal abatement costs. In practice,
however, the emerging emissions price under a permit trading
scheme may deviate from marginal abatement costs, in particular
if (i) one or more actors possess market power,6 (ii) regulators
trade on behalf of firms but do not have full information on the
abatement costs incurred by the latter (Kerr, 2000), and (iii) not all
economic sectors are included in the scheme.

Finally, the question of political feasibility cannot be sensibly
excluded from the discussion of any carbon market architecture,
especially if it transcends the national domain. It is mainly related
to requirements of participation and consensus, and to transaction
costs. Evidently, in order to establish a highly integrated trading
architecture, players need to agree on a common regulatory
framework, and especially on a set of mutually acceptable
emission caps. The latter generally have significant distributional
implications, as allocations represent each player’s cost-free
endowment and thus largely determine the required effort.
In consequence, bargaining over burden-sharing becomes a
strategic game where self-interested players have an incentive
to free-ride on the mitigation efforts of others by implementing
targets with low stringency (Helm, 2003; Rehdanz and Tol, 2005).
This turns the negotiation of regional emission budgets into the
single-most important stumbling block in the creation of an
inclusive international climate policy, and impedes high levels of
participation in integrated trading structures.7 Thus, we compare
different architectures in view of their chance of successful
implementation given these difficulties. In addition, trading
architectures can be compared in terms of the transaction costs
that arise from creating the necessary institutional structure for
government- or company-level trading systems, or baseline-and-
credit schemes. In this context, we assume that high transaction
costs reduce political feasibility.

In the following two sections, we discuss five top-down and
bottom-up architectures of international emissions trading. After
outlining their principal features, we analyze their characteristics
along the three dimensions just described.

3. Top-down architectures

We differentiate between two different types of top-down
architectures: a ‘global cap-and-trade’ architecture, which serves
as the benchmark for our analysis, and a ‘Kyoto-II’ architecture,
which builds on the structure of the existing Kyoto trading system
and could act as a starting point for a follow-up agreement.

3.1. Global cap-and-trade

A global cap-and-trade architecture implies that every country
in the world adopts a well-defined and limited GHG emissions
budget for its entire economy, and that emission allowances can
be traded between governments (e.g. Vattenfall, 2006). As the
sum of these national emission caps represents a definite upper
bound on total global emissions (assuming compliance), the
environmental effectiveness of this architecture would be max-
imal.

Theoretically, global-cap-and-trade can achieve cost-effective-
ness, because a single price for emissions is established across all
sectors and regions in the world. Integrated coverage of all world
regions and sectors maximizes the gains from trading, as
emissions are reduced in places where this can be achieved at
the lowest possible costs.

However, given that a large share of all tradable allowances
will very likely be concentrated in the hands of a rather small
group of countries,8 vesting them with considerable market
power, permit trade between governments will arguably be
characterized by strategic—i.e. price influencing—behavior. In
fact, it seems questionable whether a single, world-wide price of
carbon would emerge at all, given that many transactions can be
expected to occur in an ‘over-the-counter’ fashion, i.e. on the basis
of bilateral bargaining and without public disclosure of the price.9

With such constraints on competition, efficiency losses become
inevitable and a potentially sharp increase in total abatement
costs is to be expected, as was shown, e.g., in simulations by
Böhringer and Löschel (2003).

Moreover, even in a perfectly competitive inter-governmental
permit market, information asymmetries between governments
and companies would limit the former’s knowledge about the true
marginal abatement costs incurred by the latter. In particular, this
would be the case if national emission targets are not implemen-
ted by means of a domestic emissions trading scheme (Hahn and
Stavins, 1999). Thus, unless an appropriate price revealing
mechanism is put into place, it will be difficult for governments
to optimize their trading positions on the global carbon market
(Kerr, 2000). Finally, even if governments had perfect knowledge
about domestic abatement costs, one cannot assume them to act
as pure cost-minimizers, as in the case of firms.10

Possibly the greatest hurdle to an implementation of a global
cap-and-trade architecture consists in its prerequisite, i.e. an
agreement on global burden-sharing. Not only have countries
different views on the urgency and their responsibility for the
climate problem (Ott et al., 2008), but there is also a constant risk
of blockade by players with vested interests when negotiations for
a comprehensive global trading system involves 192 voting
parties.
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6 A case in point would be Russia’s bargaining power with its large amounts of

‘hot air’ within the Kyoto trading framework. See also Böhringer and Löschel

(2003).
7 This is confirmed by studies in non-cooperative game theory that mostly

come to rather pessimistic conclusions about the chances of full cooperation on

the climate problem (see, e.g. Carraro and Siniscalco, 1992; Barrett, 1994). Limited

cooperation in the form of ‘climate coalitions’ seems more likely to emerge,

possibly facilitated by linking the cooperation to other issues such as research and

development (Carraro and Siniscalco, 1997), or free-trade (Barrett, 1997).

8 In 2004, the biggest five emitters, i.e. the US, China, Russia, Japan, and India

accounted for 51% of global CO2 emissions (Source: CAIT, 2008).
9 See e.g. Point Carbon’s, 2008 reporting on the confidentiality of the

negotiations about trading Assigned Amount Units between Japan, Hungary and

Czech Republic.
10 We thank the referee for pointing this out.
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Another barrier to political feasibility are high transaction
costs, as the reaching of global agreement on carbon market rules
and the implementation of the corresponding national provisions
such as monitoring, reporting and verification systems (MRV), as
well as emission registries, constitutes a formidable challenge.
The rules agreed upon—after long and painful negotiations—in
the Marrakesh accords (Yamin and Depledge, 2004) as well as the
experience and the regulatory framework developed in regional
trading systems like the EU ETS could of course serve as a starting
point. Still, their implementation would remain challenging, not
only, but especially for least-developed countries (Victor, 2007).

On the whole, a global cap-and-trade architecture would
promise high environmental effectiveness due to its universal
emissions coverage. Cost-effectiveness, however, is likely to be
compromised as long as emissions are traded by governments.
Finally, large doubts remain with regard to its political feasibility,
at least in the short term, given the high transaction costs and the
need to achieve a global consensus on international burden-
sharing.

3.2. Kyoto II: global trading with and without caps

Some of the difficulties of the global cap-and-trade scheme can
be mitigated by implementing a global carbon market where only
a limited group of countries—e.g. Annex-I countries—implements
a cap-and-trade system while all other countries—e.g. developing
countries—participate by means of ‘trade without cap’. This
architecture would closely resemble the Kyoto Protocol’s frame-
work, in which only Annex-B countries assume binding targets,
while all others can host CDM baseline-and-credit projects. Given
the critique of the CDM in its current form, e.g. with regard to
additionality and transaction costs (Schneider, 2007; Michaelowa
et al., 2003), various reform proposals for the baseline-and-credit
system are currently discussed (UNFCCC, 2008). For instance,
it would be conceivable to have a menu of schemes suiting
different sectoral and regional conditions.

The environmental effectiveness of this architecture is a priori
limited because of its incomplete emissions coverage. As shown in
Fig. 1, the distribution of CO2 emissions across countries implies
that the climate problem is rather inapt to be solved by a limited
size coalition-of-the willing: even though three big players
(US, China, and EU) stand out, they still only account for 52% of

all emissions.11 In fact, if one wants to reach a 90% threshold of
global emissions, already 48 countries are needed. In particular,
any ambitious effort based on a partial cap-and-trade needs to
include the currently second largest emitter, China, and thus
cannot circumvent the difficult issue of burden-sharing vis-à-vis
developing countries.12

Furthermore, the fact that developing countries and/or other
countries are free to refrain from adopting binding emission
targets opens the door to leakage. In principle, this is true even if
all uncapped countries are integrated by means of non-binding
baseline-and-credit systems. However, such schemes may be
designed in such a way as to make sure that countries can only sell
credits if their emissions stay below some predetermined level,
e.g. below business-as-usual emissions (Philibert, 2000). Offering
such incentives for emission control to uncapped parties, in
particular developing countries, would enhance the environmen-
tal effectiveness of a Kyoto-II-type architecture.

Within the core group of cap-and-trade countries, this
architecture has the same potential for cost-effectiveness and
the same problems due to market imperfections as the global cap-
and-trade system. However, in presence of baseline-and-credit
mechanisms, the overall cost-effectiveness will depend on the
specific design of the latter, e.g. whether there are restrictions on
imported credits (such as in the Kyoto Protocol by means of a
poorly defined ‘supplementarity’ provision), and on the incentives
provided for uncapped regions. Ideally, baseline-and-credit sys-
tems introduce opportunity costs for emissions in uncapped
countries, remain uncontroversial in terms of baseline definitions,
and keep transaction costs at the minimum level. In reality, of
course, there is no widely agreed upon and easily implementable
approach to setting baselines (Baron and Ellis, 2006). Therefore,
such mechanisms are likely to merely pave the way towards the
eventual adoption of absolute caps, where concerns about
environmental and cost-effectiveness would lose their relevance.

Regarding political feasibility, formal agreement on burden-
sharing would only be required between cap-and-trade regions in
this architecture, as other countries would not have to assume
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Fig. 1. Largest emitters’ cumulative shares of global CO2 emissions. Data for year 2004, excluding LULUCF. Source: CAIT (2008).

11 In this context, Barrett (2007) characterizes the global public good problem

associated with climate change mitigation as an ‘aggregate efforts’ problem: the

provision of the public good depends on the combined efforts of all states.
12 As a whole, the group of Annex-I countries represent 49.2% of global CO2

emissions (CAIT, 2008).
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binding targets. However, in view of the past reluctance of a key
emitter like the United States to accept a binding target, this
hurdle nevertheless seems high.13 Also, setting the necessary
baselines for the baseline-and-credit mechanisms cannot be done
without considering distributional aspects, since baselines deter-
mine the amount of credits that can be generated and sold into
the capped market. Less stringent baselines increase the volume
of profitable credit sales—but also the risk of ‘hot air’—while they
are reduced by more stringent baselines (Philibert, 2000).

Compared to the global cap-and-trade architecture, transaction
costs are lower, because only capped countries need to establish
the full institutional infrastructure required in cap-and-trade
systems. Annex-I countries, for instance, have already implemen-
ted MRV and registry infrastructure in order to comply with
the Kyoto Protocol. Still, there may be need for revision, and the
institutional requirements for some baseline-and-credit systems
under discussion may be substantial (Baron and Ellis, 2006).

To sum up, a Kyoto-II-type architecture only approximates a
global cap-and-trade one, and thus can at best come very close to
the latter’s environmental and (potential) cost-effectiveness.
However, the fact that it includes the option for developing
countries to participate without having to accept binding emis-
sions caps, and thereby to contribute to emission reductions,
significantly enhances political feasibility. Still, reaching a full,
detailed agreement, in particular with regard to burden-sharing
and the parameters of the baseline-and-credit mechanism, would
constitute a considerable political challenge.

4. Bottom-up architectures

We distinguish three bottom-up architectures with a gradually
increasing degree of integration. First, ‘fragmented markets’
serves as the benchmark case characterized by a complete
absence of intentional linkage of regional markets. Second, in
the ‘indirect linking’ architecture carbon markets are linked
indirectly as they accept credits from the same baseline-and-
credit systems. Finally, ‘formal linking’ refers to fully integrated
regional cap-and-trade systems in which all certificates are
mutually recognized.

4.1. Fragmented markets

In the presence of two or more independent cap-and-trade
systems that are installed at the national, supra- or sub-national
level, and that do not have any intentional linkages between them,
we speak of ‘fragmented markets’. Even though international
trade in goods already induces a certain tendency towards permit
price convergence across different emissions trading systems,14

prices will in general vary and thus prevent a cost-effective
outcome. The degree of inefficiency increases—ceteris paribus—in
proportion to the price differential between carbon markets.

Based on current expectations, fragmented markets would
encompass only a small share of global emissions (see Fig. 2),
implying that any reduction efforts would be particularly
vulnerable to emission leakage. Moreover, without any coordi-
nated measures taken by the independent ETSs there will be a
very limited scope for baseline-and-credit schemes in developing
countries, since demand for such credits would come from at
most one of the independent trading systems (otherwise it would
be the case of ‘indirect linkage’, discussed next). Hence, unless a
large number of countries chooses to implement autarkic
domestic cap-and-trade systems in the mid- to long-term,
environmental effectiveness will remain low.

Since they operate independently, fragmented markets cannot
ensure the equalization of permit prices and marginal abatement
costs and, in consequence, fall short—possibly by a very large
margin—of being cost-effective. Moreover, smaller systems may
additionally suffer from efficiency losses if large domestic players
with market power are present (e.g. very large utility companies).

Being close to a world of laisser-faire, fragmented markets
require no cooperation and thus there is no need for an
international agreement on burden-sharing. Transaction costs
are the lowest among all carbon market scenarios, since the only
requirement consists of the implementation of domestic systems
in some industrialized countries, without any need for coordina-
tion and harmonization with other systems.

Recapitulating, the fragmented market architecture represents
a politically highly feasible option due to very low transaction
costs and no obligation for an international agreement. However,
environmental and especially cost-effectiveness are both low.

4.2. Indirect linking

If at least two regional cap-and-trade systems accept credits
from the same baseline-and-credit scheme, an indirect link
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13 Even though the prospects of US participation might have increased with

the advent of the Obama presidency in 2009, one should keep in mind that any

international treaty needs to be confirmed by a two thirds majority in the US

Senate.
14 In a trade-theoretic analysis, Copeland and Taylor (2005) argue that a cost-

effective outcome (i.e. equalization of permit prices) can be reached even in

absence of permit trade between carbon markets, due to the effects of trade in

goods on the prices of non-traded inputs. However, their results are derived within

a stylized theoretical model and based on strong assumptions, e.g. identical

technologies and tastes across all countries, which are—at best—idealizations of

the real world. This means that their results should for practical purposes be

interpreted in the sense that ‘international trade in goods induces a certain

tendency towards equalization of the permit price’. That this is indeed plausible

can be understood by a simple look at trade in fossil fuels: assume two identical

countries with equal emission caps and a common domestic permit price. Now

one country adopts a more stringent cap. As a consequence, its domestic permit

price rises, and its consumption of fossil fuels must drop (neglecting CCS). In as

much as that prompts the world market price of fossil fuels to fall, the opportunity

(footnote continued)

costs of not using fossil fuels in the second country rise, and so does its domestic

permit price.
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between them is established (Egenhofer, 2007). Depending on
the supply curve for credits, cap levels, marginal abatement
cost (MAC) curves, and quantity limits on the import of credits,
indirect linking will lead to a complete or incomplete convergence
of the allowance price in indirectly-linked cap-and-trade markets.
Fig. 3a–c identifies the underlying mechanics for three cases.

For each case, we compare two periods. In the first period t,
only cap-and-trade system A accepts credits from the baseline-
and-credit scheme C, while cap-and-trade system B operates in
autarky. In period t+1, system B also allows the import of permits
from the baseline-and-credit scheme C, thereby establishing an
indirect link between systems A and B. The cap-and-trade systems
are assumed to have identical MAC curves (the slope of DA and DB

is identical), but system A has a less ambitious cap than system B
(QAoQB).

Fig. 3a illustrates the case of complete price convergence due
to the indirect link. The price in system A increases from Pt

A to the
new equilibrium price Pt+1

A ( ¼ Pt+1
B ), while the price level in B

decreases from Pt
B to Pt+1

B ( ¼ Pt+1
A ).

In Fig. 3b, price convergence is incomplete because of the steep
credit supply curve SC. When entering the market for credits,
system B buys credits at a market clearing price Pt+1

B which
exceeds the maximal willingness to pay of system A. The latter
then resorts to domestic abatement only, leading to a new and
different internal allowance price Pt+1

A . Here, indirect linking
brings about partial price convergence as the allowance price
level in A increases, while it decreases in B.

Finally, in Fig. 3c price convergence also remains incomplete, this
time because system B has adopted an import limit Cmax

B on credits.
In t+1 system B exhausts its import quota and purchases 0Cmax

B

credits at the credit price of Pt+1
A . However, the domestic equilibrium

allowance price in B nevertheless settles at the higher price Pt+1
B .

Again, even though prices in A and B are not fully equalized, some
price convergence occurs due to the indirect linking.

Therefore, a carbon market architecture with indirect linkages
between regional trading systems will improve cost-effectiveness
vis-à-vis the fragmented market case. By how much depends on
the level of price convergence across systems, which, in turn, was
shown to largely depend on the flatness of the credit supply curve.
Therefore, a baseline-and-credit scheme that clears the way
for large-scale investment opportunities into abatement, e.g. in
the power sector, would be conducive to cost-effectiveness. In
addition, company-level trading helps to ensure that true margin-
al abatement costs are revealed, while at the same time reducing
concerns about market power, since—relative to top-down and
fragmented architectures—a higher number of market partici-
pants are present.

As in the preceding case, environmental effectiveness depends
on the extension of trading systems across regions, the scope
for leakage, and the specific design features of baseline-and-
credit schemes. Theoretically, the architecture with indirect links
can affect a larger share of global emissions than fragmented
markets, since the combined demand from different cap-and-
trade schemes increases the scope for a larger-scale implementa-
tion of baseline-and-credit schemes. Nevertheless, on the whole
one can expect environmental effectiveness to be lower than for
top-down architectures, at least in the short- to mid-term, where
only few domestic trading systems will emerge.

Like ‘fragmented markets’, the indirect linkages architecture
requires only limited commitment to international cooperation.
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The establishment of commonly accepted baseline-and-credit
schemes in third countries (likely developing countries) is the one
requirement that raises transaction costs relative to the latter
architecture. However, concerns might arise in some countries
that a ‘flood’ of low-price credits would lead to a deterioration of
the domestic permit price. Although this would imply significant
cost-savings in the short-run, it might be inconsistent with long-
term objectives such as the transformation of the energy system
or the achievement of an ambitious climate target.

In sum, a bottom-up architecture with indirect linkages
improves cost-effectiveness relative to the previous case of
fragmented markets. This holds to a lesser extent for environ-
mental effectiveness. Both can be expected to remain below the
level promised by top-down architectures. There are no significant
barriers in terms of political feasibility.

4.3. Formal linking

Formal linking occurs whenever two (or more) regional
emissions trading systems mutually recognize each others’
allowances, i.e. they accept emission certificates issued in other
systems as valid for compliance within their own system. A formal
linking architecture is thus established through a concerted
linking-decision of different regional trading systems (Tangen
and Hasselknippe, 2005; Victor, 2007; Edenhofer et al., 2007).15

Evidently, an immediate consequence of linking is the formation
of a common emissions price.16

The benefit of enhanced cost-effectiveness comes, however, at
the cost of contagiousness: once two emissions trading systems
are linked, changes in the design or regulatory features in one
system also influence the price formation in the other system.17

For instance, if only one country decides to adopt a price ceiling in
the form of a so-called safety valve,18 then the entire linked
market is in effect capped at the same price. Thus, there is a
partial loss of control for domestic regulators over their own
system, necessitating a high degree of coordination—and mutual
trust—in the management of the joint carbon market. Relevant
design issues with implications for the whole linked carbon
market include, inter alia19

� the setting and modification of emission caps
� upper and lower ceilings for permit prices
� links to baseline-and-credit schemes, e.g. CDM
� banking and borrowing provisions
� compatible registries
� rules for monitoring, reporting and verification of emissions
� penalties and enforcement of compliance

To address these issues, institutional provisions in the form of
linking agreements and joint regulatory bodies are required, both
before and during the linking operation (Flachsland et al., 2008).
In fact, as a first step in that direction, several countries and

regions with existing or emerging regional cap-and-trade systems
and with an openly expressed interest in linking have already
joined forces and established the International Carbon Action
Partnership (ICAP) in 2007. As one of its tasks, ICAP is to assess
barriers to linking and work out solutions where such impedi-
ments may exist (ICAP, 2007).

Nevertheless, even if formal linking should become the
preferred road for developing the international carbon market,
there are three reasons why a concrete realization before 2013
seems very unlikely (see Fig. 4 for a timeline of emerging regional
systems). First, most systems are still in the process of establish-
ing their own domestic institutions, while the EU ETS is for
the time being occupied with its own internal expansion and
harmonization process. Second, linking partners will very likely
want to first observe test phases of new trading systems in order
to appraise their performance (e.g. Delbeke in ECCP, 2007). Third,
strategic decisions on the future shape of international climate
policy are not expected to emerge before the UNFCCC’s Con-
ference of Parties in Copenhagen 2009, suggesting that until then
regions will generally be reluctant to commit to anything
substantial.

Due to the limited coverage (regional and sectoral) that goes
along with this bottom-up approach, its environmental effective-
ness will be similarly limited as that of the indirect linkage
architecture. For instance, the linked carbon markets of those
emerging systems that are currently supporting the ICAP initiative
and have at least proposed first drafts for a domestic ETS would
correspond to about 3.6Gt CO2eq annual emissions, representing
12% of total global CO2 emissions in 2004.20 Leakage concerns are
eliminated between linking partners, but persist with respect to
uncapped third regions.

As already indicated, a carbon market architecture character-
ized by bottom-up linking of regional systems will lead to full
price equalization across all involved systems, thereby enhancing
the cost-effectiveness of the overall effort (Anger, 2008). An
expanded and quasi-unified permit market also means more
liquidity and efficiency, as large-scale trading at the company
level but eliminates information asymmetry and market power
problems.

Somewhat different from the other bottom-up architectures,
formal linking can face problems in achieving high levels of
participation because linked cap-and-trade systems need to agree
on burden-sharing to some extent. This may seem surprising
at first, since linking involves the coupling of presumably already
capped trading systems. However, one can argue that a country
with a relatively high domestic emissions price would be
reluctant to link its permit market to that of another country
with a relatively low emissions price, in as much as that would
entail massive imports—and corresponding financial flows—of
emission permits.21 Also, regions with ambitious overall climate
policy targets will use linking and the implicit efficiency gains as a
bargaining chip in climate policy negotiations, which will make
them reluctant to link to systems with low stringency. Linking to a
low-price permit market could also undermine a country’s efforts
to spur technological innovation via high permit prices (Neuhoff,
2008). So, even though a link in such circumstances would allow
both countries to lower their short-term abatement costs by
trading emission permits, it may not be a desirable option for
reasons of political economy and long-term strategic climate
policy considerations (Flachsland et al., 2008).
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15 We only consider bilateral linkages. A unilateral link is established if cap-

and-trade system A accepts allowances from another system B for compliance, but

not vice-versa. In such a system, the allowance price in Awould remain at or below

the price level of B. See e.g. Jaffe and Stavins (2008).
16 The permit price might differ by a constant factor if systems use different

measurement units, e.g. metric and short tons. The latter unit is in fact envisaged

for RGGI.
17 Depending on the level of price convergence, this will also be the case in the

indirect linking case.
18 A safety valve indicates a provision under which the regulator issues

additional emission permits if a certain maximum permit price is reached. See e.g.

Jacoby and Ellerman (2004).
19 These issues are treated in-depth by, e.g., Flachsland et al (2008), IEA (2005),

Jaffe and Stavins (2007).

20 Calculation based on the sources indicated in Fig. 2.
21 In fact, linking faces an immanent free-riding problem, as there is an

incentive to relax caps in order to generate additional revenue from exporting

allowances (Helm 2003; Rehdanz and Tol 2005).
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The linking of regional trading systems incurs some transac-
tion costs, as several design features of trading systems may need
to be harmonized prior to linking.22 This might constitute a decisive
disadvantage in comparison to indirect linking, as stressed by Jaffe
and Stavins (2008). These costs can, however, be contained if
emerging systems incorporate the prerequisites for linking already
during their design phase, thereby circumventing the need for costly
ex-post changes of already implemented systems. Given that, and
taking into account the lower number of negotiation partners, we
conclude that formal linking should incur lower transaction costs
than top-down approaches.

Overall, the formal linking architecture promises high cost-
effectiveness. Being similar to the indirect linking case, environ-
mental effectiveness remains lower than under a full global trading
system, at least in the short- to mid-term. Political feasibility
becomes more problematic compared to the other bottom-up
approaches, since linking markets need to mutually accept each
others’ reduction efforts and implied range of permit prices.
Transaction costs will be higher than for the other bottom-up
architectures, but lower than under top-down approaches.

5. Discussion

Table 1 summarizes the key characteristics of the five carbon
market architectures under investigation. It illustrates how the
choice between integrated top-down and fragmented bottom-up
architectures corresponds to a trade-off between high environ-
mental effectiveness on the one hand, and political feasibility on
the other. The picture is less clear-cut for cost-effectiveness.

Concerning environmental effectiveness, a top-down architec-
ture with global-cap-and-trade obviously offers the best possibi-
lity for significant cuts in global emissions. On the other end of the
spectrum, a bottom-up architecture consisting of fragmented

markets is unlikely to significantly curb global emissions. The
situation is less definite for the other, ‘intermediate’ architectures:
with a sufficient number of committed participants, the indirect
linking and especially the formal linking approach may come
close to the environmental effectiveness of a Kyoto-II architecture.
In fact, while a bottom-up approach may be more likely to start
out with lower initial emissions coverage, it can expand step-by-
step, thereby gradually increasing the share of global emissions
that it covers.

Both the Kyoto-II and all of the bottom-up schemes have
to face the challenge of controlling emissions leakage; as with
Kyoto II, the formal and indirect linking architectures can be
extended to provide economic incentives for emission control to
third countries in the form of appropriately designed baseline-
and-credit mechanisms. Finally, short-term concerns leakage can
be mitigated if most or all of those countries that are close trade
competitors participate in the linked carbon market.23

Among participating countries, top-down architectures always
allow for a complete equalization of the permit price. But
concerns over market power distortions and doubts about the
proper revelation of domestic marginal abatement costs reduce
the cost-effectiveness prospects of these architectures. By con-
trast, bottom-up approaches lead to permit price equalization
only in the formal linking case or–under the condition that the
credit supply curve is sufficiently flat and no restrictions are
imposed on credit imports—in the indirect linking case. However,
the price signal may be more robust, since company-level trading
systems are better suited to resolve the information asymmetry
between governments and companies and are less prone to
market power distortions.

In terms of political feasibility top-down approaches resemble
‘all-or-nothing’ options: without international consensus on
burden-sharing, complete political standstill is imminent. This
constitutes a very tangible threat, given that any kind of
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agreement can rather easily be blocked by countries with vested
interests. Similarly, agreement on the design details of the trading
and accounting system will be more difficult to achieve than for
bottom-up approaches with fewer participants. In fact, the latter
will always enable cooperating regions to jointly reduce emissions
in a cost-effective manner, even in absence of a global accord on
burden-sharing and regulatory design.

Finally, transaction costs of top-down architectures are
relatively high, because a larger number of players need to
implement the institutional infrastructure required to participate
in the common carbon market. Albeit to a lesser extent, direct
linking also incurs significant costs, since it may require extensive
regulatory harmonization, which possibly justifies a preference
for indirect linking in the short-run (Jaffe and Stavins 2008).

On longer time horizons, the main issue in a comparison
between top-down and bottom-up architectures must be the
climate target that they are able to support. Game theoretical
considerations of international agreements typically suggest a
dichotomy of ‘narrow and deep’ versus ‘broad and shallow’, that is,
agreements with fewer members can achieve higher levels
of cooperation than those with many members (Downs et al.,
1998). Intuitively, such a pattern can be expected whenever the
level of cooperation and ambition embodied in an agreement
corresponds to a lowest common denominator outcome. Such
reasoning seems to be applicable in the realm of climate change,
where the ‘shallowness’ of the Kyoto Protocol fits well into the
scheme.24

However, due to the global public good nature of climate
change, which manifests itself through concerns about free-riding
and leakage, a coalition of few or several like-minded countries is
unlikely to implement the deep emission cuts that would fit into
the ‘narrow and deep’ picture. Therefore, the current situation can
better be characterized in terms of a dichotomy of ‘broad and
shallow’ versus ‘narrow and shallow’: unless global agreement on
an ambitious long-term target, burden-sharing, and institutional
design is achieved, a broad (i.e. top-down) agreement will reflect
the lowest common denominator interest of all parties. Likewise,

within narrow (bottom-up) approaches, countries’ reduction
efforts cannot be expected to significantly exceed those occurring
in a situation without any cooperation, due to concerns over
leakage and free-riding.

In view of an ambitious long-term climate objective, such as
the European Union’s target to limit global warming to 2 1C above
pre-industrial levels (EU Council, 2007), only two scenarios
remain viable: either the international community decides
to cooperate and agrees on global targets, burden-sharing and
a regulative system to implement a ‘broad and deep’ climate
policy in top-down mode; or it embraces a bottom-up approach,
initially ‘narrow and shallow’, but with a successively broadening
participation and deepening commitment. Such an increase in
participation, in fact, does not seem implausible once the key
uncertainties of the climate change problem (e.g. technologies,
costs, and climate damages) are reduced and the feasibility of
carbon trading is demonstrated by a group of frontrunners. This
process, however, would need to proceed quickly in order to
generate emission reductions in line with low-stabilization
scenarios suggested by the IPCC (2007).

Hence, if ambitious climate policy targets require swift
emission reductions, top-down architectures appear quasi indis-
pensable. Moreover, their major weakness—low political feasi-
bility due to the need to resolve the burden-sharing issue—can in
a way be understood as a strength: the very crux of the climate
problem is addressed at once, which keeps up the pressure on
negotiators, and prevents procrastination up to a point in time
where low stabilization becomes unfeasible. Thus, within this
long-term point of view, bottom-up architectures appear as
imperfect substitutes of top-down approaches, serving as fallback
option if a global agreement cannot be achieved right away.
Consequently, they would mainly serve to bring new momentum
to the currently stagnant efforts to establish a global, integrated
system.

On the other side, the two approaches can be viewed as
complementary in the sense that bottom-up architectures may
serve as essential building blocks for more comprehensive top-
down architectures. This way, efficient regional carbon markets
can already be put into place, while the delicate question of
burden-sharing is deferred for some time. For example, it would
be conceivable that after the Kyoto Protocol’s expiry in 2012 a
group of countries willing to adopt binding economy-wide caps
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Table 1
Comparison of the five carbon market architecturesa.

Integrated global

trading

Kyoto II Formal linking Indirect linkages Fragmented systems

Environmental effectiveness

Coverage ++ + depends on CDM

design

o (+) depends on

participation

o (+) depends on

participation

� depends on

participation

Prevention of leakage ++ + o � ��

Cost-effectiveness

Price convergence ++ ++ ++ + �
Overcoming MAC information

asymmetry

o o ++ ++ ++

Limiting market concentration � � ++ + o

Political feasibility

Ease of achieving agreement on

cooperation

�� � + ++ ++

Low transaction costs �� � o + ++

The ratings, from very high (++) to neutral (o) to very low (��) represent a relative measure of differences between the architectures.
a Note that the ratings for environmental effectiveness of the three scenarios ‘Kyoto II’, ‘formal’ and ‘indirect linking’ crucially depend on the level of participation

(number and size of systems) and the design of baseline and credit schemes. Ratings should thus be interpreted as sort of ‘‘average’’ assessments.

24 The targets of the Kyoto Protocol—without counting the US—correspond to

a reduction of global emissions by about 5% with respect to the business-as-usual

emissions in 2010, as expected in 1997. Source: own calculation based on EIA

(1997).
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proceeds with the protocol’s inter-governmental cap-and-trade
system, and formally link their emerging domestic trading systems
within this overarching structure. By devolving inter-governmental
permit trading to the company level the economic performance of
the international carbon market would be improved.25 But unlike
the Kyoto scheme, this architecture can be designed as an open
system, where countries can join by linking up their domestic ETS
whenever they feel ready, or whenever the political momentum in
the country has reached a sufficient level.26 Such an approach could
be environmentally and economically more effective than pure
bottom-up approaches, while being less prone to political deadlock
than the top-down approach.

6. Conclusions

A comprehensive global system represents the benchmark for
any future international emissions trading architecture, at least in
terms of effective climate protection and access to low-cost
abatement opportunities. However, given the considerable poli-
tical challenge posed by top-down approaches—well reflected in
the current multilateral climate policy negotiations—they suffer
from the risk of a political deadlock of indeterminate duration.

On the other hand, the bottom-up road to international
emissions trading is constantly challenged by the question of
whether emission reductions in this context can have a significant
environmental impact at all. Still, this institutional approach may
better suit the current state of politics, and therefore could help
to bring about not the ideal but at least the feasible. Also, permit
trade among companies is preferable to permit trade among
governments on efficiency grounds, since distortions due to high
market concentration are avoided and the liquidity and transpar-
ency of the emerging emissions market are reinforced. By linking
up with countries that have similar export profiles, leakage
concerns can be mitigated at least partially. Suitably designed,
bottom-up approaches enable a gradual integration of initially
fragmented trading architectures, resulting in increasing environ-
mental and cost-effectiveness. They allow countries to join
whenever they feel ready, or whenever the political momentum
in the country reaches a sufficient level.

If top-down and bottom-up approaches are seen as comple-
ments rather than substitutes, following both tracks in parallel via
UNFCCC and ICAP appears to be a robust strategy, especially in
view of the current uncertainty surrounding the multilateral
climate policy negotiations. In case of a break-down of the latter,
bottom-up linking of regional trading systems stands ready as a
fallback option and alternative to the continuation of the Kyoto
trading system. In any case, integrated trading architectures imply
considerable challenges to international coordination, particularly
regarding joint regulation. Therefore, exploring governance op-
tions for carbon market regulation in multilateral architectures
should be a key objective for further research on international
emissions trading.
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Böhringer, C., Löschel, A., 2003. Market power and hot air in international
emissions trading: the impacts of US withdrawal from the Kyoto protocol.
Applied Economics 35 (6), 651–663.

CAIT, 2008. CAIT (Climate Analysis Indicators Tool) database of the World Resource
Institute. Accessed in August 2008. /http://cait.wri.org/S.

California Market Advisory Committee, 2007. Recommendations for designing a
greenhouse cap-and-trade system for California. Recommendations of the
market advisory committee to the California air resources board. June 30, 2007.
Available at: /http://www.climatechange.ca.gov/events/2007-06-12_mac_
meeting/2007-06-01_MAC_DRAFT_REPORT.PDFS.

Capoor, K., Ambrosi, P., 2008. State and Trends Of The Carbon Market 2008. The
World Bank, Washington D.C., May 2008. Available at: /http://siteresources.
worldbank.org/NEWS/Resources/State&Trendsformatted06May10pm.pdfS.

Carraro, C., Siniscalco, D., 1992. The International dimension of environmental
policy. European Economic Review 36, 379–387.

Carraro, C., Siniscalco, D., 1997. R&D cooperation and the stability of international
environmental agreements. In: Carraro, C. (Ed.), International Environmental
Agreements: Strategic Policy Issues. Edward Edgar, Cheltenham.

Copeland, B.R., Taylor, M.S., 2005. Free trade and Global warming: a trade theory
view of the Kyoto Protocol. Journal of Environmental Economics and Manage-
ment 49 (2), 205–234.

Downs, G.W., Rocke, D.M., Barsoom, P.N., 1998. Managing the evolution of
multilateralism. International Organization 52 (2), 397–419.

ECCP (European Climate Change Programme), 2007. Final Report of the 4th
meeting of the ECCP working group on emissions trading on the review of the
EU ETS on Linking with emissions trading schemes of third countries. 14–15
June 2007. Available at: /http://ec.europa.eu/environment/climat/emission/
pdf/070614_15finalreport.pdfS.

Edenhofer O., Flachsland, C., Marschinski, R., 2007. Towards a global CO2

market. Expertise for the Policy Planning Staff in the Federal Foreign Office.
Potsdam Institute for Climate Impact Research, May 2007. Available at:
/http://www.pik-potsdam.de/members/flachs/publikationen/towards-a-global-
co2-marketS.

Egenhofer, C., 2007. The making of the EU emissions trading scheme: status, prospect
and implications for business. European Management Journal 25 (6), 453–463.

EIA (Energy Information Administration), 1997. International Energy Outlook. US
Department of Energy, Washington, DC.

EU Council, 2007. Brussels European Council 8/9 March 2007. Presidency
Conclusions. 7224/1/07 REV 1.

Flachsland, C., Edenhofer, O., Jakob, M., Steckel, J., 2008. Developing the
International Carbon Market. Linking Options for the EU ETS. Report to
the Policy Planning Staff in the Federal Foreign Office. Available at: /http://
www.pik-potsdam.de/members/edenh/publications-1/carbon-market-08S.

FOEN, Swiss Federal Office for the Enviroment, 2008. Startschuss zum Emission-
shandel in der Schweiz. Press Release (in German), 11.06.2008. Available at:
/http://www.bafu.admin.ch/dokumentation/medieninformation/00962/index.
html?lang=de&msg-id=19266S.

Hahn, R.W., Stavins, R.N., 1999. What Has the Kyoto Protocol Wrought? The Real
Architecture of International Tradable Permit Markets. AEI Studies on Global
Environmental Policy, The AEI Press, Washington, D.C.

Helm, C., 2003. International emissions trading with endogenous allowance
choices. Journal of Public Economics 87, 2737–2747.

ICAP (International Carbon Action Partnership), 2007. Political Declaration. Lisbon,
29 October 2007. Available at: /http://www.icapcarbonaction.com/docs/icap_
declaration.pdfS.

IEA (International Energy Agency), 2005. Act Locally, Trade Globally. Emissions
Trading for Climate Policy, IEA/OECD, Paris.

IPCC (Intergovernmental for Climate Change), 2007. Climate Change 2007:
Mitigation. Contribution of Working Group III to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, New York.

Jacoby, H.D., Ellerman, D., 2004. The safety valve and climate policy. Energy Policy
32, 481–491.

Jaffe, J., Stavins, R.N., 2007. Linking Tradable Permit Systems for Greenhouse
Gas Emissions: Opportunities, Implications and Challenges. Prepared for:
International Emissions Trading Association. November 2007. Available at:
/http://belfercenter.ksg.harvard.edu/files/IETA_Linking_Report.pdfS.

ARTICLE IN PRESS

25 This approach is represented by the EU ETS, where transactions of

allowances across country borders are mirrored by transfers of AAUs between

national Kyoto registries.
26 As it was the case with Australia and the Kyoto Protocol (Keohane and

Raustiala, 2008).

C. Flachsland et al. / Energy Policy 37 (2009) 1637–16471646

46 Chapter 2 Architectures for international emissions trading



Jaffe, J., Stavins, R.N., 2008. Linkage of Tradable Permit Systems in International
Climate Policy Architecture. Discussion Paper 2008–07, Cambridge, Mass.:
Harvard Project on International Climate Agreements, September 2008.

Keohane, R., Raustiala, K., 2008. Toward a Post-Kyoto Climate Change Architecture:
a Political Analysis. The Harvard Project on International Climate Agreements,
July 2008, Discussion Paper 08-01. Available at: /http://belfercenter.ksg.har-
vard.edu/files/Keohane%20and%20Raustiala%20HPICA1.pdfS.

Kerr, S., 2000. Domestic greenhouse gas regulation and international emissions
trading. In: Kerr, S. (Ed.), Global Emissions Trading. Key Issues for Industria-
lized Countries. Edward Elgar Publishing, Cheltenham UK.

Michaelowa, A., Stronzik, M., Eckermann, F., Hunt, A., 2003. Transaction costs of the
Kyoto mechanisms. Climate Policy 3, 261–278.

Neuhoff, K., 2008. Tackling Carbon. How to Price Carbon for Climate Policy.
University of Cambridge Electricity Policy Research Group, 23.05.2008.
Available at: /http://www.climate-strategies.org/uploads/Tackling_Carbon_final_
230508.pdfS.

New Zealand Ministry for the Environment, 2007. The Framework for a New
Zealand Emissions Trading Scheme.

Ott, H., Sterk, W., Watanabe, R., 2008. The Bali roadmap: new horizons for global
climate policy. Climate Policy 8 (1), 91–95.

Philibert, C., 2000. How could emissions trading benefit developing countries?
Energy Policy 28, 947–956.

Point Carbon, 2008. ‘Hungary sees rush of AAU buyers.’ Published: 26 March 2008;
and ‘Japan eyes Czech carbon credit deal.’ Published: 19 August 2008.

Rehdanz, K., Tol, R., 2005. Unilateral regulation of bilateral trade in greenhouse gas
emission permits. Ecological Economics 54, 397–416.

RGGI, 2008. Retrieved from /http://www.rggi.orgS, in May 2008
Schneider, L., 2007. Is the CDM fulfilling its environmental and sustainable

development objectives? An evaluation of the CDM and options for improve-
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Keywords: carbon markets; climate policy; domestic emissions trading systems; emissions trading; EU ETS; linking; US ETS

Un cadre pour évaluer l’établissement de liens directs bilatéraux entre systèmes cap-and-trade est conçu pour les
décideurs. Une analyse systématique des implications économiques, politiques et réglementaires met en valeur les
avantages potentiels ainsi qu’un certain nombre de répercussions négatives. En théorie, les avantages économiques sont
prévus en gains de court terme quasi statique ainsi qu’en efficacité dynamique. Cependant, une revue attentive de ces
arguments indique que la présence de distorsions de marché ou l’effet des termes d’échange sur le négoce international
de droits d’émissions n’entraînerait pas une amélioration sociale pour tous les pays. Les avantages politiques sont liés à
un engagement renforcé en politique climatique internationale et l’élimination des préoccupations liées à la compétitivité
entre partenaires de systemes liés, mais ceci doit être mis en balance avec les incitations possibles à l’ajustement des
plafonds nationaux dans l’anticipation d’établissement de liens. Les inconvénients réglementaires pourraient émaner de
l’incompatibilité du système avec les objectifs de politique intérieure originels, et de la cession partielle de facto de
contrôle discrétionnaire sur le système d’échange de droits d’émissions. Enfin, en tant qu’illustration, un lien entre l’EU-
ETS et un système d’échange aux Etats-Unis potentiel est évalué et les compromis majeurs identifiés.

Mots clés: EU-ETS; lier; marchés du carbone; politique climatique; systèmes d’échange de droits d’émissions; systèmes
intérieurs d’échange d’émissions; US-ETS

doi:10.3763/cpol.2009.0626 © 2009 Earthscan  ISSN: 1469-3062 (print), 1752-7457 (online)  www.climatepolicy.com

1. Introduction

After the initiation of the EU Emission Trading Scheme (EU ETS) in 2005, several cap-and-trade
systems are now emerging world-wide, e.g. in the USA, Australia, New Zealand, Canada, Japan
and Switzerland.1 Direct bilateral links between regional cap-and-trade systems have been proposed
as one option to strengthen economic efficiency and politically reinforce the international
emissions trading regime (e.g. Stern, 2007, 2008; Edenhofer et al., 2008; Garnaut, 2008).2 Others,
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however, have emphasized the considerable political and regulatory challenges that this would
entail (e.g. Egenhofer, 2007; Victor, 2007; McKibbin et al., 2008). The objective of this article is to
develop a framework for comprehensively assessing – from a policy-maker’s point of view – the
expected benefits and drawbacks of a link between two cap-and-trade systems.

We find that the major expected benefits from linking are economic and political in nature.
Static efficiency gains derive from enabling trade across systems with different pre-link allowance
prices, from increased market liquidity, and the reduced volatility. Inasmuch as linking creates an
institutional lock-in on a jointly agreed reduction schedule, it also enhances the dynamic efficiency
of climate policy. In political terms, linking can serve as a signal of commitment to close
international cooperation. Links across OECD cap-and-trade systems – e.g. a transatlantic EU–US
link (EU Commission, 2009) – can become important test cases for further carbon-market-based
cooperative climate policy between developed and developing countries.

On the other hand, linking also involves a number of potential economic, political and regulatory
caveats. For some countries, negative distortionary or terms-of-trade effects may outweigh the efficiency
gains from enabling international emissions trade. There are also some economic distributional
questions about how efficiency gains are shared between linking partners, potential losses of co-
benefits associated with emissions abatement, and whether linking could introduce a perverse incentive
for allowance sellers to relax their cap. The greater openness of a linked trading system also implies a
higher exposure to market shocks. From a political perspective, the important normative question
arises of whether linking partners mutually accept their effort level, i.e. their reduction schedules. In
terms of regulatory consequences, unfettered linking entails a ‘mixing’ of system designs, which can
turn into a disadvantage if it leads to a ‘washing out’ of any of the two systems’ original policy
priorities. Finally, linking also limits the scope for regulatory interventions of the single systems.

In a policy application based on these arguments, we identify the major trade-offs that policy-
makers face when considering a specific link between the EU ETS and a US cap-and-trade system along
the lines of the Waxman–Markey proposal (Waxman and Markey, 2009). In the face of limited
knowledge about the prospective efficiency gains and negligible benefits from the increased market
size, the political signal for international and domestic climate policy, and the effect as a commitment
mechanism appear as the most tangible benefits of a transatlantic link. These benefits need to be
weighed against the potential conflict over the relative priority of cost containment versus
environmental effectiveness, and the loss of unilateral control over the domestic carbon market.

The following sections analyse the economic (Section 2), political (Section 3) and regulatory
(Section 4) implications of linking. In Section 5 we apply these theoretical findings to the case of
a link between the EU ETS and a US ETS along the lines of the Waxman–Markey proposal. Section
6 contains the conclusions.

2. Economic implications

Three types of economic implications are considered: (i) quasi-static, short-term efficiency gains,
(ii) dynamic efficiency gains, and (iii) distributional effects. A series of counter-arguments against
the conventional gains-from-trade rationale are discussed. In this context, the economic benefits
of linking are not as clear-cut as they may seem.

2.1. Short-term efficiency gains
The basic rationale for linking cap-and-trade systems is that significant efficiency gains can be
realized when permit prices (implicitly: marginal abatement costs) across schemes are equalized
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through trade (e.g. UNCTAD, 1992; Chichilnisky and Heal, 1995; Edenhofer et al., 2007), with a
greater pre-link difference in the allowance price leading – ceteris paribus – to a greater benefit
from linking. In standard partial equilibrium analysis (e.g. Anger, 2008), linking will always be a
Pareto improvement, i.e. no system will be worse off after linking than it was before.

Quantitative estimates for the expected efficiency gains from international emissions trading
were first created in the context of the Kyoto Protocol (e.g. Weyant and Hill, 1999). Typical results
from these modelling studies suggest cost savings of about 50% for Annex-I only trade, and up to
75% for the case of global permit trade. However, few such computations have so far been carried
out for post-Kyoto climate policy. As one exception, Russ et al. (2009) assume a policy scenario in
line with current EU objectives,3 and – after applying two different types of models – conclude
that a global carbon market with trade across all countries and sectors would halve the abatement
costs compared with the no-trade case.

While confirming the basic rationale for linking carbon markets, these analyses of large trading
coalitions are not tailored to situations where policy-makers have to decide on a link between two
given trading systems. As an exception, Carbone et al. (2009) choose a game-theoretic approach
and systematically assess the bilateral linking option with a general equilibrium model calibrated
on the base year 2015. They generally find large benefits only for linkages between asymmetric
countries, with the highest global and EU welfare gains occurring for the case of an EU–China
link. This would enable the EU to take advantage of China’s low-cost abatement options, and
would allow China to benefit from selling permits.

However, as a principal objection to the conventional gains-from-trade analyses, it should be
questioned whether the latter’s implicit assumption of a ‘first-best’ world, i.e. one without market
imperfections such as distorting taxes or externalities, does not lead to an overly optimistic and
misleadingly clear-cut view on linking. Generally speaking, the theory of the second-best (Lipsey
and Lancaster, 1956) states that optimality conditions that hold in a first-best world may no
longer be valid in a second-best world, i.e. one characterized by distortions. In the context of
climate policy, pre-existing energy taxes and/or fuel subsidies, as well as uncompetitive energy
markets, suggest a second-best scenario. Hence the standard prescription of an ‘equalization of
permit prices’ may cease to be optimal in some cases or – worse – could even become harmful.

As a simple example, assume that – for instance, due to market power in the permit market –
the one-to-one correspondence between marginal abatement costs and permit prices is lost.
Evidently, emissions trading cannot yield an efficient outcome under such conditions. More
formally, Babiker et al. (2004) and Paltsev et al. (2007) have shown that an increase in carbon
prices due to emissions trading can reinforce pre-existing distortions associated with inefficiently
high fuel taxes – up to the point where the corresponding welfare losses outweigh the primary
gains from emissions trade. In a similar vein, McKibbin et al. (1999) demonstrate how a country
may become subject to falling terms-of-trade after engaging in international emissions trading.

Another reason why partial equilibrium analysis may overestimate the efficiency gains from
linking is its neglect of adjustments in relative prices via international trade in goods. In fact, as
one of the pillars of trade economics, the factor price equalization theorem (Samuelson, 1949)
states the conditions under which efficiency is guaranteed even if production factors (e.g. emissions
allowances) are not internationally traded. The relevance of this insight for climate policy and the
resulting redundancy of emissions trading has been emphasized by Copeland and Taylor (2005).
Admittedly, for the theorem to hold strictly, a set of rather restrictive assumptions is required, but
the underlying mechanism will also work – albeit in a weakened form – in a less idealized context.
Obviously, there are several other non-traded inputs, such as labour and energy, which have different
prices across regions, without a perceived urgent need to have ‘one price’ for these.
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Finally, a side-benefit of linking consists of the creation of a larger carbon market, with more
players and allowances and thus higher liquidity, which can particularly benefit smaller systems.4

Moreover, price shocks within one system will be absorbed and cushioned within a larger overall
market. However, from a single system’s point of view this implies that, as a downside, volatility
from other systems might be imported (McKibbin et al., 2008). As a consequence, the overall
economic effect remains ambiguous: the benefits of spreading domestic price volatility over a
larger market needs to be weighed against the costs of imported additional volatility.

2.2. Dynamic efficiency
Basic economic theory holds that the implementation of an ambitious climate policy creates a
time-inconsistency problem for a government with limited commitment power (Kydland and
Prescott, 1977). Intertemporal economic efficiency breaks down when firms suspect that the
government will loosen climate policy once sufficient private investments into low-carbon
technology have materialized. Hence, firms do not invest the optimal amount in the first place
(Helm et al., 2005; Montgomery and Smith, 2007).

Drawing on Putnam (1988), we argue that internationally linked cap-and-trade systems are less
prone to the lure of discretionary policy than systems in autarky, due to mutual pressure among
linking partners not to relax emission caps, e.g. relative to some long-term schedule.5 As a
consequence, linked systems can establish a more credible price signal, and improve the dynamic
efficiency of their climate policy. Admittedly, such pressure will also exist in the absence of linkages;
however, only a linked carbon market provides some kind of sanctioning mechanism, such as
trade restrictions (Rehdanz and Tol, 2005), or complete de-linking. When justifying national caps
vis-à-vis domestic stakeholders, national policy-makers can point to this international pressure,
claiming that it ‘ties their hands’ to some extent.

Evidence of this mechanism could be observed in negotiations over the Phase I National
Allocation Plans (NAP) in the EU ETS: on the basis of a pre-announced formula, the EU Commission
successfully rejected several national allocation plans in which countries had endowed themselves
with generous allocations (Zapfel, 2007). As pointed out by Ellerman et al. (2007, p.350), the
possibility of ‘blaming’ the EU Commission as an institution representing some greater good
sometimes helped to justify the adoption of unpopular decisions vis-à-vis the domestic constituency.
In this sense, the multilateral architecture of the EU ETS helped to uphold the environmental
ambition of the system.

2.3. Distributional considerations
Three types of distributional questions arise in the context of linking. The first, and most obvious,
concerns the distribution of the short-term efficiency gains expected from linking. As illustrated
in Figure 1, in a partial equilibrium setting the region with the steeper marginal abatement cost
(MAC, here assumed to be linear) curve will always obtain the largest share of the total benefits
from trading. This is simply because the shift in abatement activity (depicted on the x-axis) is
identical for both regions, leaving the relative size of the areas X and Y – which represent the
gains from trade – to depend only on the steepness of the MAC curves. Given that the EU abatement
cost curve is widely perceived as relatively steep (see, e.g., Weyant and Hill, 1999; Viguier et al.,
2003), this may help explain the European Union’s keenness on linking (EU Commission, 2009).

The second distributional aspect relates to the ancillary benefits associated with emission
abatement, which include reduced local air pollution, increased energy security due to reduced
dependency from fossil fuel imports, encouragement of R&D, and the general economic stimulus
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that goes along with low-carbon investments (e.g. Westskog, 2002). If linking leads to a substantial
outsourcing of abatement to other regions, these co-benefits – which are not internalized in the
allowance price – will be lost. Considerations of this type may carry some weight in the perception
of policy-makers and the public (see, e.g., California, 2007), in particular if linking is expected to
significantly shift domestic abatement abroad. Unfortunately, a balanced appraisal of this argument
is impeded by the fact that these ancillary benefits are ‘external’ to emission abatement, and
hence not easily quantifiable in economic terms. However, such co-benefits will usually be addressed
by additional targeted policy instruments, e.g. air pollution standards.

Third, and finally, game-theoretic approaches have analysed whether and how the prospect of
a linked carbon market creates an incentive for regions to adjust their allowance endowment, i.e.
emissions cap, so as to increase their expected benefits from linking. For instance, using a standard
emissions game framework, Helm (2003) found that linking creates an incentive for permit sellers
(low-damage countries) to relax their cap in order to sell even more permits. Since, in compensation,
permit buyers (high-damage countries) tend to choose fewer allowances, linking creates a
distributional shift in favour of the seller countries. However, with appropriate instruments, in
particular import quotas, buyers can contain the sellers’ expansionary tendencies (Rehdanz and
Tol, 2005). The picture changes when players are assumed to anticipate the impact of their quota
allocation on international markets for goods and allowances (Carbone et al., 2009): in line with
oligopolistic behaviour, the incentive of net permit sellers to raise permit prices by increasing the
stringency of their cap can outweigh the incentive to relax the cap.

Arguing less formally, it can be expected that the incentive to relax caps when linking will be
weakened for several reasons: the potential reputational damage, the threat of import quotas or
other penalties, and the fact that linking partners could defect from cooperation in other policy
areas as well. In any case, to make the choice of allowances assessable and transparent, mid- to
long-term cap schedules should be defined prior to linking.

FIGURE 1 Distribution of efficiency gains when linking two cap-and-trade systems

Note: If marginal abatement cost (MAC) curves are linear, the system with the steeper MAC curve – here
system B – always obtains more benefits from linking, i.e. we have Y > X.
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3. Political implications

We find that linking has three distinct political implications: an ambivalent effect on the
international climate policy agenda, facilitating the acceptance of climate policy at the domestic
level, and, third, it can work as a signalling mechanism in the context of global burden-sharing.

First of all, linking represents an instrument of international cooperation and, as such, signals
a commitment to long-term climate policy and multilateralism. However, it has an ambivalent
impact on the UNFCCC process, as linking could be seen both as a complement or substitute
thereof (Flachsland et al., 2009): as far as linking confirms the framing of climate change as a
global issue and demonstrates how climate policy can be implemented in an efficient way, it can
help to reinforce the UNFCCC process and accelerate the adoption of mid- to long-term climate
policy targets. But linking may also be seen as weakening the UNFCCC, by breaking its political
monopoly and providing a viable back-up option in case the negotiations fail or drag on too
long.

Second, inasmuch as linking is seen as an effective means to address the politically sensitive
issue of competitive distortions between countries with different prices of carbon (e.g. Houser et
al., 2007; Reinaud, 2009), it can facilitate the acceptance of climate policy among domestic business
actors and the general public. The relevance of this point is manifest in business and labour
associations’ calls to ‘level the carbon playing field’ (e.g. BDI, 2008; Blue Green Alliance, 2009),
emphasizing the importance of harmonizing carbon prices among major international competitors.
Evidently, linking offers no remedy against the competitive super-advantage of third countries
without any price on emissions at all, such as China, which might constitute the more serious
problem.6

Third, linking constitutes a way of signalling approval towards other systems’ underlying level
of effort. Conversely, a linking offer could be declined – despite the tempting efficiency gains – if
the prospective linking partner’s efforts are perceived to be unacceptably low. As an example,
consider the option of linking the EU ETS and the RGGI system: even though cost savings would
be expected, it is hard to imagine the EU agreeing to link to a system, which would – thanks to its
overallocation7 – sell ‘hot air’ allowances into the EU ETS. The implicit endorsement of the low
level of ambition of RGGI would be in contradiction with the European Union’s official climate
policy goals.

While the development of a common metric for comparing different ‘levels of effort’ in climate
policy remains a complicated and unresolved issue (see den Elzen et al., 2008), it is obvious that
the linking of emissions trading systems forms part of a general meta-game on the burden-sharing
of global emission control. Thus, the assessment of a linking option might be determined more
by questions of fairness in the level of effort than by who will become net seller or buyer. From
this point of view, a UNFCCC-administered agreement on international burden-sharing that
takes into account the principle of comparable but differentiated efforts (UNFCCC, 2008) would
eliminate a potential barrier to linking trading systems.

4. Regulatory implications

Several authors have emphasized the regulatory challenges involved in the linking of regional
cap-and-trade systems (Egenhofer, 2007; Victor, 2007). Below, we argue that design differences
between to-be-linked trading systems are problematic only insofar as they imply a conflict over
policy priorities. In addition, we discuss the implications of the loss of regulatory flexibility which
each system incurs due to linking.
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4.1. Conflicting policy objectives
To ensure the proper functioning of a linked system, some basic design features require
harmonization; namely the provisions for monitoring, reporting and verification (MRV) of
emissions, enforcement and penalty mechanisms, and the registry system (e.g. Sterk et al., 2006;
Jaffe and Stavins, 2007; Mace et al., 2008). Beyond these fundamentals, linking will generally lead
to a ‘mixing’ of system designs (Tuerk et al., 2009a), which may create a conflict if the resulting
‘mix’ happens to be too much out of line with the system’s original policy priorities. To illustrate
this point, consider first the following four policy objectives which can be associated with
an ETS:

1. Reducing GHG emissions: The very reason why cap-and-trade systems are introduced is to
achieve a specific emission reduction.

2. Supplementarity: Four reasons are commonly cited for why a certain share of abatement should
be realized at home (see, e.g., Westskog, 2002): (i) the need to demonstrate leadership,
particularly vis-à-vis developing countries; (ii) the co-benefit of reduced air pollution; (iii) the
co-benefit of reduced dependency on fossil fuel imports; and (iv) the co-benefit of creating an
internationally competitive domestic industry in the field of low-carbon technology.

3. Inducing technological change: Only a stable and sufficiently high price of carbon is expected
to induce (via R&D) the technological change that is essential for making climate
stabilization economically feasible (Edenhofer et al., 2006).

4. Cost minimization: Overall costs associated with climate policy, particularly reduction targets,
should be kept at a minimum.

These – and possibly more – policy objectives can be promoted by choosing the design parameters
of an ETS appropriately. For instance, consider the following five design features,8 and how their
setting relates to the above policy objectives:

1. Emission reduction target: A more stringent reduction target increases the amount of required
overall abatement and thus increases the permit price.

2. Price cap: This places an upper limit on the permit price and, thereby, also on total
abatement costs. On reaching the price cap level, additional allowances are issued, leading
to more emissions than originally envisaged (Jacoby and Ellerman, 2004). Clearly, the lower
the price cap, the more likely its activation becomes.

3. Price floor: A price floor, by contrast, guarantees a minimum price for emission allowances. If
this mechanism is triggered, which is more likely if the price floor is set to a high level, the
government contracts the volume of marketable allowances, thus leading to less emissions
than originally envisaged (Grubb, 2009).

4. Restrictions on credits: A limit on importable credits – in particular from the CDM – implies that
relatively more abatement has to be achieved at home, which can raise the allowance price.9

5. Borrowing: We assume that the possibility of borrowing permits from future commitment
periods induces a downward pressure on current prices. There are concerns, however, about
a possible relaxation of future reduction targets, if – due to heavy borrowing in early periods –
permit prices eventually rise to unacceptably high levels (Boemare and Quirion, 2002;
Australian Government, 2008, pp.8–15).

Table 1 summarizes the functional relationships between policy objectives and ETS design features,
and highlights how the setting of some parameters necessarily involves a trade-off between the
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different policy objectives. For instance, a price cap helps to confine abatement costs, but may
compromise the stimulation of technological change. If, and at what level, the price cap will
eventually be set becomes a question of which of the two involved policy goals prevails. Therefore,
implementing an ETS and setting its design parameters forces policy-makers to prioritize (at least
implicitly) some policy objectives over others.

This issue comes into play whenever two systems with different policy priorities engage in
linking: when establishing the link, the overall system’s properties will become a ‘mix’ of the
single system’s features. This ‘mix’, however, might undermine the original priority ranking of
one or both of the regions. For example, consider a system with a high priority on cost minimization
and thus without restrictions on CDM-like credit imports, and with a price cap at some intermediate
level. Another system, the prospective linking partner, puts a higher priority on substantial emission
cuts and therefore has no price cap, and some quantity restriction on CDM credits. If the two
systems engage in joined trading without further provisions, the newly established linked system –
de facto – features a global price cap and an unrestricted inflow of CDM credits. Thus, one linking
partner would experience a dilution of its original policy objectives, which might induce it to opt
out of the linking project.

4.2. Reduced control and regulatory flexibility
From the point of view of the single country or region, linking implies that part of the formerly
exclusive control and authority over the carbon market is ceded (Jaffe and Stavins, 2008). Smaller
schemes, for instance, will experience a one-sided convergence towards the larger partner’s permit
price. But even smaller systems may strongly affect the overall market behaviour by exporting
some of their ETS design features (‘contagiousness’): for example, price caps in one system
automatically propagate throughout the entire linked market. Moreover, under joined trading,
price shocks originating in one region will affect the entire market, thus increasing the domestic
economy’s exposure to external factors (McKibbin et al., 2008).10

TABLE 1 Functional relationship between ETS design parameters and policy objectives

                                                 ETS PARAMETERS

Reduction Level of Level of Credit (e.g. CDM) Borrowing

target price cap price floor import restriction

Promote emission AmbitiousAmbitiousAmbitiousAmbitiousAmbitious High levelHigh levelHigh levelHigh levelHigh level High levelHigh levelHigh levelHigh levelHigh level Indifferent (restrictIndifferent (restrictIndifferent (restrictIndifferent (restrictIndifferent (restrict RestrictRestrictRestrictRestrictRestrict

reduction targettargettargettargettarget if concerns aboutif concerns aboutif concerns aboutif concerns aboutif concerns about

additionality)additionality)additionality)additionality)additionality)

Promote domestic Indifferent Indifferent Indifferent Restrict importsRestrict importsRestrict importsRestrict importsRestrict imports Indifferent

abatement

Induce Ambitious targetAmbitious targetAmbitious targetAmbitious targetAmbitious target High levelHigh levelHigh levelHigh levelHigh level High levelHigh levelHigh levelHigh levelHigh level Restrict importsRestrict importsRestrict importsRestrict importsRestrict imports RestrictRestrictRestrictRestrictRestrict

technological

change

Minimize costs Modest target Low level Low level Allow unrestricted use Allow

Note: ETS design parameters (vertical columns) and policy objectives (horizontal rows). The presence of boldboldboldboldbold and italic type within the same column
signals an inherent goal conflict in the setting of the respective parameter: for example, credit imports should be restricted to promote domestic
abatement, but should remain unrestricted in order to lower abatement costs.
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Especially in view of the latter, the question arises whether a joint regulation of the carbon
market can at all times optimally serve the individual needs of each linking partner. In fact,
inasmuch as their economies remain idiosyncratic, it might be preferable for each country to be
able to respond to temporary shocks (e.g. business cycle related) independently, for example through
an adaptive setting of price corridors, or a temporary modification of banking and borrowing
rules.11 Somewhat analogous to the theory of optimum currency areas (Krugman and Obstfeld,
2000), linking involves a trade-off between increased overall efficiency and reduced leeway for
regulatory interventions. On economic grounds, the net effect can be expected to be positive
whenever the expected efficiency gains are large and price shocks arrive to some extent
simultaneously, which would be the case if the economies of the two prospective linking partners,
in particular their emission-intensive energy sectors, are already strongly integrated.

As a general point, the imminent concerns about the loss of full domestic control over the
carbon market imply that adequate joint governance arrangements and mutual trust constitute
an important prerequisite for any linking project (on institutional arrangements when linking,
see Mehling and Haites, 2009; Tuerk et al., 2009a).

5. Policy application: benefits and disbenefits of a transatlantic link

Along the lines of our analytical framework, we now discuss the prospects of a link between the
EU ETS and a future US cap-and-trade system as defined by the Waxman–Markey (WM) proposal.12

For brevity, we do not exhaustively address all of the issues mentioned above, but instead highlight
the key points.

First of all, perhaps the most high-profile question regarding the expected efficiency gain from
linking remains largely undeterminable, given the lack of quantitative studies on the subject.
However, the widespread assumption (e.g. Weyant and Hill, 1999; Viguier et al., 2003) that the
marginal abatement cost curve of the EU is steeper than that of the USA, would imply that such
gains can indeed be expected.13 On the other hand, assuming a higher allowance price in the EU
ETS, the resulting shift of abatement from the EU to the USA would also lead to a redistribution
of the co-benefits from abatement in the same direction. One could then point to the EU’s
currently high tolerance towards large CDM credit imports as an indicator that this would
nevertheless be acceptable. Also, additional policy objectives such as reduction of air pollution
are often addressed by complementary policy instruments, e.g. the IPPC Directive in the European
Union (European Union, 2008).

As a positive economic effect, linking can be expected to help climate policy to consolidate its
status as ‘irreversible’ in both regions, spur additional R&D, and thus improve the dynamic
efficiency of climate policy. However, specific numbers are – again – elusive. As the final aspect on
the economic side, the benefits from increased market liquidity do not loom large in view of each
system’s large individual size.

The second aspect, the political implications of linking, might very well be the category where
the largest benefits from a transatlantic link would materialize. A joint commitment by the two
largest integrated economic areas in the world would send a strong political signal, and could
become a first step towards a closer cooperation with major developing countries. In fact, an EU–US
carbon market could serve as the test case for the engagement of China, India and other developing
countries, which remains the sine qua non for resolving the problem of global climate change. In
addition, appeasing concerns about unfair competitive conditions by harmonizing carbon prices
across the fairly close trading partners EU and the USA will certainly boost the general acceptance
of carbon pricing in both regions, even if the actual economic relevance may be less certain.
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Third, in terms of regulatory issues14 the EU ETS design reflects a strong preference for achieving
the environmental target, and abstains from price control mechanisms that may alter the cap.
The WM proposal, by contrast, places a higher weight on avoiding excessive costs, allowing –
under certain conditions – the auctioning of additional allowances from a reserve pool. Another
key difference concerns the treatment of credits from offset programmes: the WM proposal foresees
the use of international credits from measures reducing emissions from deforestation and forest
degradation (REDD), which is ruled out in the EU ETS. Also, MW uses a discount factor of 20% in
the accounting of all credits. From the EU’s point of view, accepting a price control and REDD
credits would constitute the most controversial issue, while the USA might be reluctant to accept
the EU’s 100% recognition of credits.

Finally, given the clearly stated desire of EU policy-makers to link the EU ETS to other schemes
(e.g. Steinmeier and Gabriel, 2008; EU Commission, 2009), the loss of regulatory control is
apparently not seen as a drawback in the EU. This contrasts with the fact that the limited integration
of the two economies – especially of their energy sectors – would instead suggest the retention of
full domestic regulatory control over the carbon market.

To sum up, the major trade-off in a link between the EU and a Waxman–Markey US ETS resides
in the benefits of the political signal, uncertain but possibly positive efficiency gains, enhanced
domestic acceptance of carbon pricing, and reinforced credibility of climate policy on the one
hand. On the other hand, drawbacks include the loss of regulatory control, as well as the potential
conflict over differences in system design and policy priorities. In fact, the major benefits might
already materialize once the credible prospect of a transatlantic link, perhaps by 2015–2020, has
been created.15

6. Conclusions

By systematically going through all the major issues involved in the linking of regional cap-and-
trade systems,16 we have identified a framework for assessing linkages from the policy-makers’
point of view. Table 2 provides an overview of the potential benefits and disbenefits. When
considering a specific linking proposal, policy-makers will have to quantify and weigh up the
impact of each issue to determine the net effect, and whether to link or not to link their cap-and-
trade system.

As an illustration, we considered the case of a link between the EU ETS and a US cap-and-trade
system along the lines of the Waxman–Markey proposal. In the face of limited knowledge about
the prospective efficiency gains and negligible benefits from the increased market size, we identified
the political signal for international and domestic climate policy and the effect as commitment
mechanism as the most tangible benefits of a transatlantic link. On the other side, differences in
system design signal a potential incompatibility in the priority ranking of cost containment
versus environmental effectiveness. Also, the absence of a close integration of the two economies
suggests that keeping the right of unrestricted regulatory intervention on the home market might
entail some value.

These trade-offs resemble those involved in the deliberation about common currency areas,
where increased economic efficiency (reduced transaction costs and exchange rate uncertainty,
higher price stability) and the wider political benefits are weighed against the costs of ceding
discretionary regulatory control over the domestic economy. In the case of the single European
currency, economists arrived at a negative verdict, denying that the European economy qualifies
as a so-called optimum currency area (Krugman and Obstfeld, 2000). However, the expected political
benefits turned out to be of overriding importance, and the Euro was eventually adopted.
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To inform the assessment of prospective bilateral linkages, economic modelling exercises on the
expected changes in regional welfare will be highly desirable. The political dimension will generally
be much more difficult to judge in an objective manner, and depends on the overall state of climate
policy – e.g. whether or not a global carbon trading system is seen as an important long-term target
of climate policy, as emphasized by ICAP (2007) and the EU Commission (2009). Fixing mid- to
long-term cap schedules prior to linking will help to stabilize expectations and place subsequent
negotiations over cap adjustments on a transparent basis. Finally, with regard to the technical issue
of regulatory compatibility, a rich body of literature is now emerging, which can readily inform
assessments of linking (e.g. Tuerk et al., 2009a, and other articles in this Special Issue).

In summary, while linking may appear to be a straightforward issue at first sight – enabling
international trade in allowances should be of benefit to all – it turns out that a number of
sometimes complex caveats have to be taken into account. Careful and case-specific analysis will
be required to determine whether the balance of evidence combined with wider normative
assumptions warrants a decision to link or instead not (yet) link two trading systems.
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Notes

1. For detailed descriptions of the emerging regional systems, see the case studies in this Special Issue of Climate Policy
and Tuerk et al. (2009b).

TABLE 2 Potential benefits and disadvantages of linking regional cap-and-trade systems, as seen from the point of

view of domestic policy-makers

Potential benefits Potential disbenefits

EconomicEconomicEconomicEconomicEconomic EconomicEconomicEconomicEconomicEconomic

•     Short-term efficiency gains: •     Loss (or negligible gain) from linking due to

Gains from trade (magnitude uncertain) pre-existing distortions

Improved liquidity (smaller schemes) •     Adverse distributional impacts:

Reduced volatility Loss of co-benefits

•     Dynamic efficiency gains: Regions may expand emission caps to increase

Enhanced credibility of commitment permit sales

Exposure to other regions’ market shocks

PoliticalPoliticalPoliticalPoliticalPolitical PoliticalPoliticalPoliticalPoliticalPolitical

•     Signalling of multilateral commitment •     Risk to endorse reduction targets that are inconsistent

•     Enhanced domestic policy acceptance with a fair global burden-sharing

RegulatoryRegulatoryRegulatoryRegulatoryRegulatory

•     Possible violation of prioritized policy objectives due to

incompatible designs

•     Reduced regulatory leeway
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2. In this article, we only consider direct bi- and multilateral links between cap-and-trade systems with binding absolute
targets. A bilateral link means that two emissions trading systems mutually accept their allowances for compliance
(Haites and Mullins, 2001). We do not deal with voluntary schemes or systems based on intensity targets. Also, we
assume that such links occur in absence of a government-level trading scheme such as the trading scheme set up under
the Kyoto Protocol. For an overview and analysis of different carbon market architectures, see Flachsland et al. (2009).

3. OECD countries and other major emitters adopt the emission reduction targets proposed by the EU, i.e. 30%
reductions below 1990 for developed countries (on aggregate) by 2020, and 20% reduction below 2020 baseline
emissions for major developing countries.

4. For example, the Swiss system covers only 3 Mt of annual emissions, and the New Zealand scheme is expected to
cover 62 Mt annually, as compared to the roughly 2,000 Mt annual emissions of the EU ETS (Carbon Market Data,
2009; Jotzo and Betz, 2009; Point Carbon, 2009a).

5. This bears some analogy with the ‘importing price stability’ argument in the theory of optimum currency areas
(see, e.g., Krugman and Obstfeld, 2000, p.613).

6. From an economic point of view, the competitive distortions caused by asymmetric carbon prices appear to affect
only few sectors, which account for a relatively small share of GDP (e.g. Reinaud, 2005; McKinsey and Ecofys, 2006;
Hourcade et al., 2007; Morgenstern et al., 2007); the reason being that carbon is only one among several factors of
production for which prices differ. Thus, a significant impact on investment decisions across two capped economies
appears unlikely – in particular if the permit prices of the cap-and-trade systems are not too different.

7. RGGI has an estimated overallocation of 17%, i.e. actual emissions in 2008 were well below the cap (Point Carbon,
2009b).

8. The list of design parameters is not meant to be exhaustive. Banking, for example, constitutes another important
design feature, but banking does not raise the issue of trade-offs in scheme design, because it supports all of the
policy objectives discussed here.

9. Credit imports may also be restricted for concerns over additionality (Schneider, 2007; Wara, 2007), which is not
discussed further here.

10. In fact, McKibbin et al. (2008) warn that economic losses due to imported carbon market volatility might erode its
political support, possibly discrediting the entire approach.

11. The current state of research does not allow for a definite conclusion on whether or not such features are needed for
an optimal functioning of greenhouse gas cap-and-trade systems – a priori, however, it does not seem implausible.

12. The WM system proposed on 31 March 2009 would commence in 2012 and cover ~68% of US GHG emissions in
the initial year 2012 (rising to a share of 85% in US GHG emissions in 2016), with a cap of 4,770 MtCO2e. The cap
would decline to 20% below 2005 emission levels by 2020, and, eventually, 83% below 2005 emissions by 2050.
Covered entities can make up to 15% of their needed allowances by means of domestic offsets (including LULUCF
activities), and another 15% by international offsets, but both are subjected to a 20% discount factor. See Sterk et
al. (2009) and Point Carbon (2009c) for more details.

13. Of course, pre-link carbon price asymmetries and corresponding efficiency gains from linking are not only determined
by the shape of marginal abatement cost curves, but also by the emission reduction targets.

14. See Sterk and Kruger (2009) for a detailed analysis of regulatory issues when linking the EU ETS to the system
proposed by Waxman–Markey.

15. Given the possibility of banking, markets will price in expectation of future linkages. This reaffirms the need for
actively managing market expectations on future political developments, in order to avoid the volatility induced
by policy uncertainty over linkages.

16. Our analysis omitted two other economic implications of linking, both relating to the economic consequences of
adjustments in allowance prices when linking. First, a changing regional allowance price might affect the rate of
carbon leakage, depending on the affected industries’ elasticity of leakage with respect to the carbon price (Jaffe and
Stavins, 2007). Second, allowance price changes will translate into adjustments of commodity (e.g. fuel) prices, the
value of freely allocated allowances, as well as auctioning revenues, with corresponding distributional implications.
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Abstract

Linking emission trading systems (ETS) is a widely discussed option for international 
cooperation on climate policy after the end of the Kyoto Protocol’s obligations in 2012. Benefits 
are expected from efficiency gains and the alleviation of concerns over competitiveness. 
However, from trade-theory it is known that due to general equilibrium effects and market 
distortions, linking may not always be beneficial for all participating countries. Following-up on 
this debate, we use a Ricardo-Viner type general equilibrium model to study the impacts of 
sectoral linking on carbon leakage, competitiveness, and welfare. By comparing pre- and post-
linking equilibria, we show analytically how leakage can arise if one of the ‘linked’ countries
lacks a comprehensive cap on total emissions, although in case of a link across idiosyncratic 
sectors also anti-leakage is possible. If–as a way to address concerns about competitiveness–a
link between the EU ETS and a hypothetical US system is established, the partial emission 
coverage of the EU ETS can lead to the creation of new distortions between the non-covered 
domestic and international sector. Finally, we show how the welfare effect from linking can be 
decomposed into gains-from-trade and terms-of-trade contributions, and how the latter can make
the overall effect ambiguous. 

Keywords: Linking, Emission Trading, Trade Theory, Leakage, Competitiveness

1. Introduction

In view of the expiry in 2012 of the Kyoto Protocol’s reduction obligations, the bottom-up
linking of existing national or regional emission trading systems (ETS) has become a widely 
discussed policy option (Buchner and Carraro 2007, Flachsland et al. 2009a, b). For example, the 
creation of an OECD-wide carbon market that in some way becomes linked to developing 
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countries is now a central pillar of the European Union’s climate strategy (EU Commission 
2009), in line with various legislative cap-and-trade initiatives in the United States and Australia 
that have signaled a strong willingness to link their systems (Tuerk et al. 2009).1 In fact, after 
COP-15 in Copenhagen did not yield a legally binding multilateral agreement, this approach 
appears ever more relevant (Stavins 2009). 

The merits of international emission trading are well-understood and include efficiency-gains
(e.g. Tietenberg 2006), but also the alleviation of competitiveness concerns through the 
elimination of carbon price differentials and access to cheap abatement options in developing 
countries (e.g. Alexeeva-Talebi et al. 2008). Some observers, however, have cautioned that in the 
presence of market distortions and general-equilibrium price effects, the linking of regional 
emission trading systems may not always be beneficial (Babiker et al. 2004; Anger 2008), and, in 
addition, might facilitate undesirable international spillovers of shocks in permit markets 
(McKibbin et al. 2008).2

The present contribution follows up on this debate and employs an analytic Ricardo-Viner type 
general equilibrium model with international trade in goods and fossil fuel resources to study the 
impacts of sectoral linking on emission leakage, competitiveness, and welfare. The scenarios 
under investigation are designed to mimic the most important strategic options for permit market 
links between some of the major players in international climate policy, namely Europe, United 
States and China. 

The EU has specified a comprehensive climate policy package for the time up to 2020, featuring 
inter alia an economy wide emission reduction target to be implemented on one hand by means 
of the EU ETS–which covers around 40% of European GHG emissions–and on the other hand 
by various policies and measures aimed at the remaining sectors (European Union 2009a, b). 
One focus of our analysis is on the potentially adverse impacts such a segmented policy 
approach may entail. In contrast, if the United States were to implement a climate policy package 
along the lines of the Waxman-Markey draft, its economy-wide cap-and-trade system would 
cover about 85% of US greenhouse gas emissions (Larsen and Heilmayr 2009). For China we 
analyze scenarios representing the implementation of a scaled-up Clean Development 
Mechanism or sectoral trading scheme (EU Commission 2009, Schneider and Cames 2009), but 
we also take into account the possible simultaneous presence of an economy-wide intensity 
target.3

By comparing the pre- and post-linking equilibria between two countries, we find that leakage 
can arise if one of the ‘linked’ countries lacks a comprehensive cap on its total emissions. In this 
case, an increased uptake of fossil fuel resources in the non-capped sector would be observed. 
However, whether or not leakage actually occurs turns out to depend on which industries are 
linked in the joint permit market: if their respective output goods are imperfect substitutes, 

1 OECD regions preparing the implementation of cap-and-trade systems include the United States, Australia, Japan, 
South Korea, as well as individual US states and Canadian provinces organized in the Western Climate Initiative 
(WCI) or Midwestern Greenhouse Gas Reduction Accord.
2 For a review of merits and demerits of linking cap-and-trade systems, see, e.g., Flachsland et al. (2009b).
3 Prior to the COP-15 meeting at Copenhagen, China announced its intention to reduce the carbon intensity of its 
economy by 40-45% from 2005 to 2020.

70 Chapter 4 Linking carbon markets: a trade-theory analysis



3

leakage does not occur or may even become negative (what we call anti-leakage). As an 
extension of this analysis, one mechanism that is shown to be ineffective as a means to prevent 
leakage is an economy-wide intensity target, which has recently been discussed as a politically 
more feasible option than an absolute cap, at least for developing countries.

If the EU ETS was to establish a link with a hypothetical US system, leakage would not be an 
issue because both regions would face a limit on total emissions. Besides gains-from-trade, a 
major driver for implementing such an option would be to address concerns about 
competitiveness, i.e. the idea of harmonizing permit prices in order to ‘level the carbon playing-
field’ (Houser et al. 2008). However, our results indicate that due to the EU ETS’ partial 
coverage of total EU emissions, this can only be achieved to a limited extent. As will be shown, 
under such circumstances linking can create (or increase) a distortion both between the EU’s 
own sectors as well as between the EU’s non-ETS sector and its US counterpart. 

Finally, our analysis provides an explicit representation of the welfare effects of linking in a 
general-equilibrium setting. Namely, the overall effect is decomposed into an always positive
gains-from-trade and a terms-of-trade effect. Because the sign of the latter depends on which 
goods a country exports and imports, the net effect turns out to be ambiguous.

The remainder of this article is organized as follows: The next section reviews the relevant 
literature. Section 3 sets out our model. Results are derived and discussed in Section 4 and–for 
the special case in which one good becomes non-traded–in Section 5.  Section 6 concludes. 

2. Literature Review

Studies on linking different emission trading systems can roughly be divided into three 
categories: (i) qualitative-institutional studies, (ii) game-theoretic approaches, and (iii) numerical 
partial and general equilibrium analyses. 

The first category contains a number of studies which have investigated the institutional aspects 
involved in linking, focusing on the different systems’ design compatibility as well as qualitative 
economic and political impacts (e.g. Sterk et al. 2006, Tuerk et al. 2009, Flachsland et al. 
2009a,b). They mainly provide detailed analyses of proposals for new cap-and-trade systems, 
identify needs for harmonization of system design features, or compare different institutional 
arrangements for the governance of joint carbon markets. However, due to the nature of these 
studies, the scope for economic analysis remains rather limited.

The second strand of more game-theoretic research focuses on strategic interactions between 
countries that unilaterally implement domestic trading systems and consider linking, i.e. 
international emission trading, as a policy option. Helm (2003) provides evidence that in such a 
case the anticipation of linking creates an incentive for low-damage countries to relax their cap 
in order to benefit from increased permit sales. Rehdanz and Tol (2005) discuss suitable 
instruments, in particular import quotas, which enable buyers to contain such inflationary 
tendencies on the sellers’ side. Carbone et al. (2009) employ a computable general equilibrium 
(CGE) framework with international trade in goods, resources, and permits, and allow countries 
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to anticipate the impact of their quota allocation decision. They identify the possibility of 
oligopolistic behaviour, i.e. that the incentive of net permit sellers to raise permit prices by 
increasing the stringency of their cap may outweigh their incentive to relax the cap, especially in 
the presence of additional positive effects on international resource markets. 

Finally, with a focus on the internal dynamics of the EU ETS, Dijkstra et al. (2008) as well as 
Böhringer and Rosendahl (2009) analyze the partition between ETS and non-ETS sectors as a 
strategic game of EU countries against each other, constrained by the fixed EU ETS total 
emission cap. While the former specify the conditions for welfare gains and losses when 
additional trading sectors enter the system, the latter pursue an empirical analysis and find 
evidence for a strong role of political economy forces. 

In the third group of studies, partial equilibrium analyses of permit markets using regionally and 
sectorally specified marginal abatement cost curves allow studying the impact of carbon market 
linkages on allowance prices and regional abatement costs (Anger 2008, Anger et al. 2009, 
Stankeviciute et al. 2008, Russ et al. 2009). One main conclusion to draw from partial market 
modeling is that unless linking is assumed to be accompanied by the introduction of severe 
market distortions, it will be welfare enhancing for all countries due to the standard gains-from-
trade effect (Anger 2008, Anger et al. 2009). Linking cap-and-trade systems to the CDM offers 
particularly high efficiency gains due to the expected large supply of low cost abatement options 
in developing countries. However, by definition these models ignore the general equilibrium 
effects of permit trade, e.g. a loss of competitiveness or carbon leakage occuring due to changes 
in relative prices. 

To capture such effects in the context of climate policy, several CGE models were developed and 
first applied to assess the economic implications of the Kyoto Protocol (e.g. Bernstein et al. 
1999, McKibbin et al. 1999) and, more recently, the impacts of bi- and plurilateral linking. For 
example, Babiker et al. (2004) and Paltsev et al. (2007) show that an increase in the domestic 
price of carbon after joining international emission trading can reinforce pre-existing distortions 
associated with inefficiently high fuel taxes – up to the point where the corresponding welfare 
losses outweigh the primary gains in efficiency from emission trade. Most closely related to our 
work–in terms of the issues addressed–is Alexeeva-Talebi and Anger (2007) and Alexeeva-
Talebi et al. (2008): the first study finds that whenever linking the EU ETS to another country’s 
system leads to an inefficient emission allocation between ETS and non-ETS sectors in the latter 
(assuming perfectly efficient policies in the no-linking case), the link is welfare decreasing for 
the EU partner country and has hardly any impact on EU welfare. The subsequent study analyzes
the competitiveness impacts on the EU economy from unilateral climate policy, and finds them
to be largely negligible if the EU ETS establishes a link with the CDM market, due to the 
resulting much lower allowance price. However, because of the numerical character of CGEs, 
such analyses can only provide limited insights on the underlying mechanisms at work, which is 
the objective of our contribution. 

Thus, our study aims to complement previous contributions through its analytical general 
equilibrium framework based on trade-theory. This allows for a theoretical investigation into the 
economic and environmental impacts of linking carbon markets, taking into account the interplay 
of permit trade and trade in sectorally differentiated goods and fossil fuel resources. In that 
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sense, our adoption of a trade-theory point of view follows the work of Copeland and Taylor 
(2005), although–differently from us–they used a long-run oriented Heckscher-Ohlin framework 
and focused on the strategic effects of trade in a model with endogenous emissions choice.

3. Model Definition and Country Specification

Model definition

We consider an extended Ricardo-Viner model with two countries, home h and foreign f (index 
i), as main protagonists, and an additional country s as supplier of fossil fuel resources R, which 
are an essential input factor for production in both h and f.

Each country’s economy is composed of two sectors, producing goods X and Y (index j).4 The 
corresponding constant-returns-to-scale technologies, F and G, use fossil fuel resources as well
as other inputs–such as capital and labor–for production. We adopt the short- to mid-term point 
of view of the Ricardo-Viner (or specific factor) model (Mayer 1974, Neary 1978)5, assuming 
the fossil fuel resource as being perfectly mobile across sectors, while the other inputs are sector-
specific and hence immobile in the short- to medium-run. Thus, they are implicitly included in 
the specific functional forms of F and G without the need to explicitly write them down as 
arguments:

(1) )()( i
Y

iii
X

ii RGYRFX �� ,

with strictly concave functions Fi and Gi (declining returns for each individual production 
factor), and ii

Y
i
X RRR �� capturing the sectoral allocation of resource inputs in country i.

Emissions are assumed to be identical with the amount of fossil fuel resources employed in 
production; the two terms are therefore used interchangeably throughout this article. 

In view of the symmetry of the problem, we choose the resource as the numeraire (i.e. pR=1), and 
px and py as the price of good X and Y, respectively.6 Firms in each country maximize profits 
under perfect competition and hence satisfy the usual first-order conditions for the marginal 
product of the resource input: 

(2) )()(1 i
Y

i
Ry

i
X

i
Rx RGpRFp ��

where the subscript R is used to denote the derivative with respect to R, i.e. the marginal product. 
Note that as payments accrue to the other (immobile) factors of production, the value of output 
of X and Y exceeds the value of the resource used in their production, even though firms do not 
have market power. Inverting Eq.(2) allows obtaining the resource demand function of country i:

4 The resource supplier’s production of X and Y is supposed to be negligibly small.
5 This approach has the merit of avoiding the tendency towards full specialization that arises in a Heckscher-Ohlin 
model when factors become traded (Markusen 1983).
6 While usually one of the goods is chosen as the numeraire, our choice preserves the symmetry between X and Y
and thus allows for a more intuitive presentation of the results.
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(3) � � � �y
invi

Rx
invi

R
i pGpFR ��

In line with the short-run focus of this analysis, we ignore potential changes in the environmental 
damage level resulting from variations in the amount of fossil fuel combustion (i.e. emissions).7

),( i
y

i
x CCUU �

That is, in our model consumer preferences are represented through a utility function U which 
only depends on the realized consumption bundle . Furthermore, we assume that 
tastes are homothetic and uniform across countries. Thus, taken prices as given, all consumers 
spend the same fraction � of their income Ii on good X and �� ~1 �	 for consumption of good Y,
where � depends only on the parameters of the utility function and the relative price between 
goods, which for convenience we denote in shorthand form by yxyx ppp �/ . Demand for good 
X and Y in country i is thus given by, respectively, x

i pI /� and y
i pI�~ . Welfare can be 

expressed as a function of real income using the indirect utility function:8

(4) 




�

�
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�

where � is the exact price index of consumption goods. Finally, we assume that the resource 
supply side can be characterized by a supply function S

(5) )],([ yx ppSR �� ,

that is strictly decreasing in �. Using R as the numeraire, its nominal price remains constant. 
Supply, however, is determined by its real price, i.e. the nominal price divided by the price index 
�. As rising goods prices decrease the real price of R, its supply is negatively related to px and py.
Such a functional form can be derived by assuming either that (i) resource extraction is 
associated with increasing social costs (e.g. disutility from supplying labor), or (ii) goods X and Y
are necessary inputs for the extraction of R,9 or (iii) there is a tendency of forward-looking 
extractors to postpone extraction in the face of falling resource prices. 

To summarize, in this model a global competitive equilibrium is defined by prices px and py such 
that (i) firms maximize profits, i.e. Eq.(2) is satisfied in both countries, (ii) consumers maximize 
utility, i.e. their demand is determined by the function �, (iii) each country’s income Ii equals its 
GDP (corresponding to the factor income of the non-resource inputs, e.g. labor), i.e.

(6) ii
y

i
x

i RYpXpI 	�� ,

(iv) world markets for goods clear, i.e.

7 Climate change is a stock pollutant problem with a significant delay between emissions and damages. 
8 We sometimes use brackets [..] to emphasize the argument of a function.
9 We thank Gabriel Felbermayr for this suggestion.
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and, finally, (v) the competitive resource market clears, i.e.

(8) � � ),(),(),( yx
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h

yx ppRppRppS ��� .

Eq.(8), together with the four independent conditions implied by Eq.(2), and the equation 
obtained by dividing through the market clearing conditions from Eq.(7) form a set of six 
equations allowing to uniquely determine the six independent variables px, py, and i

jR , from 
which–by using �(px/y)–the individual consumption levels follow directly. Note that combining 
Eq.(6) and Eq.(7) implies that trade is always balanced, as the value of consumed goods must by 
definition equal national income.

Any trade equilibrium will comprise flows of resource R from s to h and f, and flows of goods X
and Y towards s, as well as–possibly–an exchange of Y and X between h and f. For example, the 
production functions of h and f could be strongly asymmetric, such that h produces almost only 
good X, and f almost only good Y. In this case both countries would trade with the resource 
supplier but also with each other. On the other side, if h and f are perfectly symmetric, they will 
still trade with the resource supplier but not with each other. In other words, the home and 
foreign country will always be net exporters of either Y or X, or of both. 

Country specification

The model has the aim to provide a stylized representation of the climate policies of the United 
States, Europe, and China. For the case of the United States we assume the adoption of the 
Waxman-Markey Bill as described in Larsen and Heilmayr (2009). Europe has already adopted a 
comprehensive climate policy package (European Union 2009a,b), and China is assumed to 
implement a scaled-up CDM or sector-based trading mechanism (EU Commission 2009), 
possibly on top of its currently proposed economy-wide intensity-target.

The Waxman-Markey cap-and-trade system would cover 85% of US (here denoted as ‘f’) 
greenhouse gas emissions and can therefore be modeled as an economy-wide cap-and-trade 
system with an upper bound fR on national emissions.10 As a consequence, this policy always 
leads to an efficient domestic sectoral burden sharing of the abatement effort, which in formal 
terms means that in both sectors the same gap arises between the value of the marginal product 
and the (normalized) world price of the resource: 

(9) 1)()( �	� f
X

ff
Ry

f
X

f
Rx RRGpRFp ,

10 Sectors not covered by the cap-and-trade system envisaged by Waxman-Markey are: (i) sources below the ETS 
compliance threshold, (ii) land-use and land-use change, (iii) landfill gases, (iv) HFC, (v) CFCs, (vi) nitrous oxide 
from nitric acid plants, and (vii) coal mine methane emissions. Given that sectors (ii) to (vii) do not use fossil fuel 
resource inputs, we assume them to be negligible in the context of our analysis. 
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Due to the policy-prescribed limit on national resource intake, the market clearing condition for 
the global resource market from Eq.(8) simplifies to

(10) � � ),(),( yx
hf

yx ppRRppS ��� .

In Europe (‘h’), the EU ETS encompasses only 40% of all GHG emissions.11

h
XR

To model this case 
of a far more limited coverage of the trading system, we assume one sector, say X, to be the cap-
and-trade sector with a given upper limit on the resource intake, while the other sector, Y, is 
regulated by an adjustable command-and-control policy or resource tax �y.12

h
XR

Constraining the 
production in sector X by a fixed absolute resource cap implies for the marginal product in 
this sector

(11) 1)( �h
X

h
Rx RFp .

The other sector’s resource intake can then be viewed as being subjected to a tax h
y�

(12) h
y

h
Y

h
Ry RGp ��� 1)( ,

which is set in a way to ensure that the resource demand of sector Y always stays at the level 
needed for compliance with the economy’s overall emissions cap: 13

(13) 1)(
1 !

		��	��
�
�

�
�
�
�

� � h
X

hh
Ry

h
y

h
X

h

y

h
yinvh

R RRGpRR
p

G �
�

.

The market clearing condition in the resource sector is the same as in the case above for the 
United States, Eq.(10). However, since in this case the internal burden-sharing between sectors 
may not be efficient, a representation of the equilibrium in terms of allowance price (or implicit 
resource tax) h

x� and emission tax h
y� must be written in a sector-wise differentiated way as

(14) � � ),(),,(),,(),( yx
f

yx
h
y

h
Yyx

h
x

h
Xyx ppRppRppRppS ��� ��� .

11 The major non-covered sectors are road transport and heating fuels. 
12 The European Union aims at a 20% economy-wide emission reduction relative to 1990 by 2020. Since the policy 
package allows the use of CDM credits in order to achieve the envisaged reductions for the non-ETS sectors 
(European Union 2009a), one may argue that a crediting mechanism should also be incorporated in our model. 
However, since there is a comparatively low 3% limit on CDM use in the non-ETS sectors, and a total reduction 
target of 10% below year 2005 emission (EU Commission 2008), we assume that domestic policies–here 
represented by an emission tax–will nevertheless be the principle means for meeting the objective. 
13 The tax is assumed to be recycled back to households via lump-sum transfer. Note that for the purpose of our 
analysis, there is no need to include the tax receipts in Eq.(6) or elsewhere, since they have no influence on the 
country’s total income, which only depends on its GDP measured in international prices.
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China and other developing countries currently reject binding economy-wide emission caps, but 
might implement crediting mechanisms modeled on the Kyoto Protocol’s Clean Development 
Mechanism (CDM). Since the current project-based CDM approach is plagued by doubts over 
additionality (Schneider 2007) and lack of scale (Stern 2008), several suggestions have been 
made on how an upscaling could be achieved. These include proposals for absolute or intensity-
based no-lose crediting baselines for emissions on a sectoral level, and policy or programmatic 
approaches that bundle projects in order to reduce transaction costs (EU Commission 2009, 
Schneider and Cames 2009). 

Within our model, these approaches are equivalent since all imply the setting of a sectoral cap 
against which emission reductions are credited. Hence, we represent this mechanism by an 
absolute sectoral business-as-usual (BAU) cap f

jR for sector j, while the other sector faces no 
resource constraint. Since the presence of such a crediting mechanism implies that the affected 
sector faces an additional opportunity cost when using the resource input, it leads to the same 
first-order condition for the marginal product that holds for the EU ETS sector in Europe, Eq. 
(11). The difference to the European policy case is the absence of an economy-wide reduction 
target and corresponding resource tax (or command-and-control policy) for the non-ETS 
sector.14

Although China’s position on the non-acceptance of a binding absolute emission target has 
remained firm, its government recently announced that it plans to reduce the carbon intensity of 
the national product (i.e. CO2 emissions per unit of GDP) by 40 – 45% below its 2005 level by 
the year 2020. If implemented, any type of crediting mechanism would operate in parallel to this 
domestic intensity policy. In our model, this can be represented by introducing the additional 
constraint

(15) ff IR �� �)( ,

where� represents the policy-imposed intensity level.

4. Economic Impacts of Linking

Focusing on the linking options from the point of view of the European Union towards the 
United States and China, we analyze the following linking scenarios in terms of their economic 
and environmental consequences (leakage), and discuss impacts on competitiveness and welfare:

1. EU ETS and sector X in China
2. EU ETS and sector Y in China
3. EU ETS and sector X in China, with China under national intensity target
4. EU ETS and economy-wide United States ETS

14 Another difference consists in the non-binding character of the business-as-usual cap, which, however, is 
irrelevant in a model without uncertainty like ours.
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Case 1: EU ETS and China link along X-sectors (symmetric link)

The European Union officially envisages a link of its EU ETS to sectoral crediting schemes in 
major developing countries such as China (EU Commission 2009, Russ et al. 2009). In this 
scenario, we consider economic impacts of linking the European trading scheme (‘home’) to 
sectors in China (‘foreign’) that are symmetric to those covered by the EU ETS, i.e. power 
generation and a number of emission intensive industries such as iron and steel, aluminum, and 
cement production. 

Proposition 1: Let the home country be fully capped at hR , with an ETS in sector X holding h
xR

permits, and an adaptable emissions tax h
y� in sector Y that ensures a constant intake h

yR . If the 
foreign country adopts a sectoral BAU target f

xR for its X-sector in order to establish an 
emissions-trading link with home’s X-sector (‘linking’), then

(i) the price px of good X falls, 
(ii) the price py of good Y rises,
(iii) the resource R appreciates in real terms,
(iv) the resource intake (=emissions) in foreign’s Y-sector increases, i.e. leakage 

occurs, and 
(v) the emission tax h

y� must rise. 
Proof: See Appendix A.1

When foreign implements a BAU cap15

h
y�

for its X-sector and links with home’s ETS, the joint 
output of the two X-sectors rises to its efficient level. In order to absorb the increased global 
supply of good X, its price px must fall. But due to the homothetic preferences, consumers now 
also have a higher demand for good Y, leading to an increase in its price and creating an 
incentive to expand its production in foreign’s uncapped sector Y, which causes linking-induced 
leakage. Because firms’ incentive to produce good Y also increases in the home country, the 
corresponding resource tax has to be increased in order to keep the resource intake constant. 
For a segmented system like the EU’s, this means that if the ‘price of carbon’ was initially 
equalized across trading and non-trading sectors, this will no longer be the case after linking, 
since the latter leads to a reduction of the permit price in home’s sector X, and at the same time 
to a higher fossil resource tax in sector Y.

In terms of welfare, there are several effects of linking that must be taken into account: the direct 
effect from emission trading, the terms-of-trade effect due to changes in px and py, and the 
expansion of foreign’s Y sector, although in a marginal analysis the latter does not contribute. As 
said before, we also ignore the long-run negative environmental effects associated with a short-
term increase in fossil fuel usage.  

15 We focus on a BAU cap since in the context of a sectoral link with a developing country this appears to be an 
empirically relevant case. However, our results from Propositions 1,2,3 and 6 also hold if country ‘f’ has already 
implemented a more stringent sectoral cap before joining the linking agreement.
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Proposition 2: Under the conditions of symmetric linking described in Proposition 1, the 
marginal change in welfare for home and foreign is given by

(16) � � � �� �y
i
y

i
x

i
x

ii
Tx

i dpCYdpCXdXpUdW 	�	��
�

' ,

where i
TX denotes country i’s increase in available X-goods due to gains-from-trade. It is 

ambiguous whenever country i is a net exporter of good X or a net importer of good Y, or both. 
On the other hand, it is always positive for the resource supplier country.
Proof: See Appendix A.2

Linking leads to an increase in the joint output of X-goods. Dividing the achieved surplus 
between the two countries gives the expected positive gains-from-trade effect for both home and 
foreign, the first term in Eq.(16). However, the terms-of-trade effect embodied in the next two 
terms turns out to be ambiguous, possibly leading to a loss of income and welfare. Depending on 
the functional specification of the production function, the home country may be a net exporter 
of both or of only one good (e.g. if home and foreign are ex-ante symmetric it will export both 
goods). Clearly, if home is a net exporter of good X, or a net importer of good Y (or both), then 
the linking-induced fall of px and rise of py can lead to an overall loss of welfare due to linking. 
The same reasoning applies to the foreign country. In fact, because changes in the terms-of-trade 
represent a zero-sum-game at the global level, and because the supplier country always improves 
its position (the resource becomes more expensive in real terms, otherwise supply would not 
increase), home’s and foreign’s combined terms-of-trade effect is negative, meaning either that 
one of them benefits and the other loses, or otherwise that they both lose.   

Therefore, in the present scenario of symmetric linking the resource supplier is the only 
guaranteed winner. Home and foreign both realize efficiency gains, the distribution of which will 
depend on the functional specification of the production functions. With regard to terms-of-trade, 
no more than one of the two countries can benefit, which–in the face of a falling price for good X
and a rising price for good Y–will be the country that is relatively more specialized in the 
production and export of good Y. For larger, non-marginal changes, the foreign country also 
benefits from the expansion of its Y sector, a possibility from which the home country is 
excluded.

Case 2: EU ETS and China link between X and Y sector (asymmetric link)

In view of the previous analysis, a natural question is to ask whether it would make any 
difference if the link between the EU ETS and Chinese sector is established in an anti-symmetric 
manner, i.e. from sector X in the European Union to sector Y in China. The following proposition 
confirms that this is indeed the case:

Proposition 3: If, under the same conditions as in Proposition 1, the link for emission trading is 
established between sectors X in the home and Y in the foreign country, then

(i) the price px of good X falls, 
(ii) the price py of good Y rises, 
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(iii) the resource R depreciates in real terms,
(iv) global resource intake (=emissions) is reduced, i.e. negative leakage occurs, and
(v) the emission tax h

y� must rise. 
Proof: See Appendix A.3

In principle, asymmetric linking produces the same kind of effects as symmetric linking: sector X
in the home country imports ‘emission permits’ and expands, thereby increasing the world 
supply of good X and inducing a fall of px. The difference is that foreign has to reduce the output 
of Y in order to enable the profitable generation and sale of credits to home’s capped sector X. In 
this case the fall of px gives foreign’s X sector an incentive to reduce its production and, hence, 
its usage of resources. This reduction in both of foreign’s sectors–while emissions remain 
controlled at the ‘cap-plus-credits’ level in the home country–leads to what may be termed ‘anti-
leakage’. 

In practical terms this scenario may represent a hypothetical sector crediting mechanism 
implemented in China’s transport or heating sector, which on the one hand would induce cost-
effective emission reductions in these sectors, and on the other lead to lower European 
Allowance (EUA) prices in the EU ETS. European ETS industries will expand their production 
in the presence of lower EUA prices, thereby lowering world prices for these products, with the 
effect of crowding out some industrial production in China. 

Hence, from an environmental perspective an asymmetric linking to crediting schemes appears 
preferable to a symmetric one, since it avoids the leakage effect discussed before. However, as in 
the symmetric case the rise of py necessitates an increase in the fossil resource tax h

y� at home, 
which can aggravate distortions stemming from the different values of the marginal resource 
product in home’s X and Y sectors. Finally, Proposition 2 also remains valid in terms of the 
linking-induced changes of the two countries’ welfare, except for the resource supplier, who now 
experiences a negative terms-of-trade and welfare effect. 

Case 3: Symmetric link between EU ETS and China, with intensity target in China

In the run-up to COP15, the Chinese government announced its intention to unilaterally reduce 
the carbon intensity of China’s national product (CO2 emissions per unit of GDP) by 40 to 45 
percent below the year 2005 level. In view of the possibility for symmetrical sectoral links to 
induce leakage discussed in case 1, the question arises of whether the implications of Proposition 
1 could be averted if China’s total emissions are constrained by an intensity target, or, in other 
words, whether or not an intensity target could serve as a safeguard mechanism against 
unintended leakage. To assess this question, we consider a symmetric link between the X-sectors 
of home and foreign just as in case 1, but assume that in addition a binding but not too stringent 
(to ensure foreign is an exporter of permits) intensity target for total emissions is implemented in 
the foreign country.16

16 There is no need to discuss output-based sectoral intensity targets, i.e. limits on the emissions per unit of sector 
output. In our framework the choice of production technologies is fixed in the short-term, and hence an absolute cap 

xR in the X-sector is fully equivalent to a sectoral intensity target of )(/ xxx RFR�� .
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Proposition 4: Let home’s total emissions be capped at hR , with an ETS in sector X endowed 
with h

xR permits, and an adaptable emission tax in sector Y. Furthermore, assume foreign’s total 
emission level to be constrained by a binding intensity target ff IR �� � , which, however, 
implies a lower emission price than in home’s ETS. In order to establish an emission trading link 
with home’s X-sector, resource use in foreign’s X-sector now becomes capped at its pre-linking 
level f

xR . An adaptable emission tax is levied in foreign’s Y-sector to ensure compliance with its 
intensity target. In this case, 

(i) the price px of good X falls,
(ii) the price py of good Y rises, and 
(iii) resource intake (=emissions) in foreign’s Y-sector can increase or decrease (i.e. 

positive or negative leakage), depending on the net effect of linking on foreign’s 
GDP. 

Proof: See Appendix A.4

As in case 1, linking home’s ETS to foreign’s less strongly constrained X-sector results in an 
efficiency-enhancing reallocation of resource inputs to the home country, raising the global 
output of X while keeping the combined resource use of both countries’ X-sectors constant at 

f
x

h
x RR � . As a consequence of the increased supply of good X, good Y will become relatively 

more expensive, creating an incentive for firms in both countries to increase their production of 
Y.

The difference to the standard symmetric linking of case 1 is that in presence of a binding 
intensity target, foreign’s Y-sector cannot expand unless its GDP has grown due to linking. 
Under an intensity target, the allowed emission level is proportional to GDP, meaning that any 
additional emissions would exceed the target unless GDP has grown. As discussed before, gains-
from-trade in the X-sector in combination with the ambiguous terms-of-trade effect due to the 
changing prices px and py mean that foreign’s GDP might be both higher or lower than in the no-
linking case. Therefore, positive or negative leakage equal to the intensity target times the 
change in foreign’s GDP occurs, demonstrating that the intensity target cannot substitute a
comprehensive absolute emissions cap as an effective safeguard against leakage.17

Case 4: Link between EU ETS and United States ETS

This scenario involving two fully capped systems can be interpreted as a stylized representation 
of a hypothetical link between the current EU ETS and a Waxman-Markey like US system. One 
would expect the US to become a net exporter of permits in this case, given that the EU 
Commission (2008) expects a year 2020 EU allowance price of 30€/tCO2, while a study by the 
EPA (2009) suggests a lower price of about 16$/tCO2 for US allowances. Besides efficiency 
gains, the main motivation for such a linking project would be to harmonize the price of 

17 We do not consider the case of asymmetric linking with an intensity target. As we have demonstrated in case 2, 
asymmetric linking leads to negative leakage. In this case, an additional ‘emissions per GDP’ intensity target would 
simply become non-binding and hence irrelevant.
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emissions across regions and thereby address the issue of competitiveness. Because both regions 
have binding national emission targets, there is no concern with regard to leakage in this case. 
However, the fact that the EU’s policy is built on an internal segmentation with a trading and 
non-trading sector gains particular relevance.  

Proposition 5: Let foreign have an economy-wide cap-and-trade system and home a cap on total 
emissions implemented through a sectorally segmented policy, with an ETS in the X-sector and 
an adaptable emission tax h

y� in the Y-sector. Suppose the (implicit) price of emissions in home’s 
two sectors is initially the same, and higher than in the foreign country. If the two countries 
establish a link between foreign’s ETS and home’s X-sector,

(i) the price px of good X falls,
(ii) the price py of good Y rises, 
(iii) the permit price in home’s X-sector decreases, while the emission tax in its Y-sector 

must increase, and 
(iv) the emission tax differential between home’s and foreign’s Y-sector may become 

greater (competitiveness), e.g. if foreign’s post-linking output of Y has increased with 
respect to the pre-linking level. 

Proof: See Appendix A.5 

The proposition shows that linking may fail to ‘level the carbon playing-field’. With an 
internally inefficient policy such as the EU’s, the first-best prescription of creating a joint market 
in order to harmonize emission-permit prices actually enlarges the internal domestic distortion 
between trading and non-trading sector, and might increase the gap in competitiveness between 
home’s and foreign’s Y-sector. The latter formally depends on the details of the production and 
utility functions, but in the plausible scenario where the gains in global efficiency are used to 
increase the global output of both Y and X, the assertion always holds.18

i
RG

This can be seen by 
recalling that before linking the marginal product in the Y-sector is higher at home than in the 
foreign country, implying that a uniform global increase in py would already widen the emission-
tax gap (which is given by the difference in the value of the marginal products: f

Ry
h
Ry GpGp 	 ). 

If, in addition, foreign’s Y-sector expands, thereby further decreasing its marginal product f
RG ,

the gap becomes even larger.

5. Extension: The Case of Non-Traded Goods

The above discussed model with two main countries and traded goods is oriented on the standard 
approach in trade economics and allows developing an intuition about the potential effects and 
forces at work. Admittedly, the stylized character of these models–indispensable for an analytical 
treatment–is often at odds with the idiosyncrasies of reality. In this section, we explore a formal 
modification of the model aiming to acknowledge the empirical fact that a large share of 
emissions arises in the production and consumption of goods–such as electricity–that are not 
heavily traded, at least not between far distant regions such as Europe and China. Specifically, 
we are referring to the transport and building (i.e. heating) sectors, and in particular to the energy 

18 The efficiency gains from linking allow re-producing the global pre-linking output without having to use all 
resources. Unless X and Y are close substitutes, the extra R will be used to obtain more units of both.
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sector (mainly electricity), which in total make up about 65% of all CO2 emissions in the EU 
(EEA 2009). Prominent sectors that are emission intensive and characterized by heavy trade 
include, e.g., the cement, steel, and aluminum industries. 

In view of a potential linking proposal involving such ‘domestic’ sectors, the question arises in 
how far the previously derived results still hold. E.g. the EU could link its ETS to China’s 
electricity sector, or the transport sector, as suggested by Schneider and Cames (2009). To 
explore such a scenario, we modify the general model by assuming that the sector Y is a purely 
domestic industry in both countries. As a consequence, the price for good Y will in general be 
different across countries, and trade between h and f will not occur in the absence of linking. In 
formal terms, a competitive equilibrium in this model is now described by the following 
equations for the prices px and i

yp : (i) profit maximization, i.e.

(17) 1)()( �� i
Y

i
R

i
y

i
X

i
Rx RGpRFp ,

(ii) consumers maximize utility, i.e. their demand is determined by � �i
yx

i pp�� �: , (iii) each 

country’s income Ii is given by its GDP, i.e. iii
y

i
x

i RYpXpI 	�� , (iv) markets for all goods 
clear, i.e.

(18) � � x
fhffhh pXXRII ������ ,

(19) i
y

iii pYI ��~ ,

for good X and good Y, respectively, and 

(20) � � )()( x
f

x
h

x pRpRpS ��

with S’<0 for the resource market. Note how the resource supply function in Eq.(20) has 
simplified, since it is now an argument only of the relative price px of good X. In fact, because 
goods of type Y are not internationally traded, their prices i

yp play a role only for internal 
accounting, and do not matter at the international level. On the other hand, the share �i of income 
spent on good X can now be different across regions, since it depends on the ratio of the 
international price px and the country-specific price i

yp of the domestic good. 

To analyze the impacts of linking, it is assumed that an ‘emission market’ for trade in R is 
established between the EU ETS and one of China’s sectors, either the one integrated in 
international trade or the domestic sector.

Proposition 6: Let the home country be fully capped at hR , with an ETS in sector X having h
xR

permits, and an adaptable emission tax in sector Y that ensures a constant intake of h
yR . If the 

foreign country adopts a sectoral BAU target f
xR for its X-sector and an emission trading link 

with home’s X-sector (‘linking’) is established, then
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(i) the price px of good X falls,
(ii) resource intake (=emissions) in foreign’s Y-sector increases, i.e. leakage occurs 

across sectors. 
If instead foreign’s Y-sector is capped at the BAU level and linked to home’s X-sector, 

(iii) global resource intake remains constant, i.e. leakage does not occur. 
Proof: See Appendix A.6

The intuition essentially remains the same as in the model where both goods are traded 
internationally: Linking the X-sectors has the direct gains-from-trade effect of increasing the 
amount of available X-goods in the foreign country. This changes the marginal rate of 
substitution of its consumers, which then prefer to renounce at some X-goods in order to increase 
their consumption of Y-goods. As a consequence, the country responds by expanding production 
in its Y-sector and paying for the additional resource intake–i.e. leakage–with some of its X-
goods obtained from emission trading. The leakage effect will, however, be relatively weaker 
than in the case where both goods are traded, since the foreign country expands its Y-sector only 
to supply its own consumers, and not also those of the other country. 

In case of an asymmetric link from home’s X to foreign’s Y-sector, the foreign country receives 
additional X-goods as ‘compensation’ for the amount �R that is re-allocated from foreign’s 
domestic Y-sector to home’s X-sector. Foreign’s only degree of freedom is to adjust its X-sector, 
since the Y-sector is held fixed as part of the linking agreement. However, the first-order 
condition ‘resource price equals value of marginal product’ for efficient production in the X-
sector remains unaltered by the linking-induced trade in R. In fact, positive leakage would 
necessarily require a rise of px, in contradiction to the supply side relation Eq.(20), which 
necessarily requires px to fall in order for global resource supply to grow. Hence, the foreign 
country becomes ‘stuck’ in a corner solution (consumers would like to exchange some X for 
some Y-goods but cannot do so), which in this case prevents the occurrence of leakage.   

Overall, the introduction of a domestic good has led to a certain weakening of our results, but 
qualitatively they remain valid. This effect is in line with intuition, in as much as all of our 
results are driven by trade effects, which can be expected to become weaker when one good is by 
definition excluded from trade, as in this section. Nevertheless, it was shown that our principal 
results are robust against this modification of the model framework. 

6. Conclusions

This paper has analyzed the impacts of linking emission trading systems on carbon leakage, 
welfare, and competitiveness within a tractable Ricardo-Viner general equilibrium model with 
international trade in goods and resources. The considered scenarios were designed to mimic the 
strategic options for future permit-market linkages between some of the major players in 
international climate policy, namely Europe, United States, and China. 

By analytically comparing pre-linking and post-linking market equilibria, we have shown that a 
link involving an economy without national emissions cap can provoke leakage in form of an 
expansion of the non-capped sector. However, the occurrence of leakage actually depends on 
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which industries are linked to form the joint permit market: in case of asymmetric linking, i.e. 
when the respective output goods are imperfect substitutes, leakage is prevented and may even 
become negative. These results were shown to prevail qualitatively even in the presence of a 
non-tradable good. 

Hence, from the point of view of environmental integrity, a link of the EU ETS to a sectoral 
trading system in China (or elsewhere) that covers similar sectors bears some negative 
implications. Linking across asymmetric sectors (e.g. transport, heating, and in fact any sector 
producing non-tradable goods) tends to reduce global emissions and thus appears favorable from 
the EU perspective. 

One approach for regulating economy-wide emissions in developing countries is the intensity 
target, which was recently adopted on a voluntary basis by China. However, our analysis has 
shown that such a target cannot work as a substitute for an absolute cap, i.e. it does not prevent 
the occurrence of leakage when one of China’s sectors is linked to the EU ETS, and–in terms of 
policy implications–should therefore not be viewed as an instrument to facilitate participation in 
emissions trading. 

If the EU ETS establishes a link with a hypothetical US system, leakage will not occur since both 
regions have an economy-wide cap. The main motivation for pursuing this policy option would 
be to address concerns about competitiveness, i.e. the idea of harmonizing permit prices in order 
to ‘level the carbon playing-field’. However, our results indicate that due to the EU ETS’ internal 
segmentation this can only be partially achieved, as linking can create and increase distortions 
both between the EU’s two sectors as well as between the EU’s non-trading sector and its US 
counterpart. 

The modeling analysis of Böhringer et al. (2009) of the EU 2020 climate policy package 
suggests that non-ETS sectors face higher marginal abatement costs than the EU ETS sectors. 
Linking the EU ETS to a US system could intensify such concerns. An obvious remedy is to 
include all EU sectors in the EU ETS. Alternatively, the segmented caps can be adjusted to 
harmonize marginal abatement costs across sectors. In the context of our model this implies 
tightening the EU ETS cap after linking to a US system (e.g. in form of a buy-back of permits by 
the EU regulator), a step that may require ex ante policy coordination if e.g. the resulting 
increase of the US allowance price raises political concerns. 

Finally, the analysis allowed for an explicit representation of the ambiguous welfare effect of 
linking in a general-equilibrium setting. Each country’s welfare change can be decomposed into 
an always positive gains-from-trade effect, and a terms-of-trade effect, where the sign of the 
latter depends on the country’s trade specialization, i.e. its export and import position. In case the 
terms-of-trade effect turns out to be negative, the welfare impact of linking on the individual 
country becomes ambiguous. 
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Appendix 

A.1 – Proof of Proposition 1

Emission trading–in our model in the equivalent form of resource trading–will take place since 
the home country’s binding resource constraint implies that the value of its marginal resource 
product is higher than in the foreign country. In the post-linking equilibrium, the marginal 
products i

RF become equalized and world production of X efficient, leading to a larger world 
supply of good X. The size of this increase, denoted with a superscript w for ‘world’ by wX� ,
only depends on the properties of the production functions, which is also true for the amount of 
traded resource, denoted by �R (� denoting some finite change, as opposed to infinitesimal 
changes indicated by d). In the following, we can therefore treat both quantities as given–yet 
undetermined–positive constants.

By taking the ratio of the global clearing conditions for the Y- and X-markets given in Eq.(7), we 
obtain for the post-linking equilibrium 

(A1) w
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X
YYp �

�
�

� /
~

,

where a bar indicates a constrained, fixed variable. Since sector X is fixed after linking, i.e. it 
does not respond to price movements (assuming, as we do, that the constraint remains still 
binding after linking), the post-linking equilibrium can be characterized by investigating the 
comparative statics of the last equation, and of the supply side relation implied by Eq.(8)
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with respect to an exogenously given small increase wdX –the effect of linking–in the world 
supply of X. The left hand side of Eq.(A1) is a function only of the prices px and py, while the 
world supply Yw depends only on py, and hence one obtains for the total differential
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where  >0 denotes the elasticity of substitution of the underlying utility function. Likewise, 
written in differential terms Eq.(A2) becomes 
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where we used the relationship
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derived from Roy’s identity. In view of S’<0 and the positive dependence of the foreign Y-
sector’s resource intake on the price py, the first term on the right-hand-side must be negative. 
This implies that dpy and dpx have always opposite signs. Substituting Eq.(A4) into Eq.(A3) 
yields
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which demonstrates that linking ( wdX >0) always leads to a positive dpy and negative dpx, given 
that the term in parenthesis is unambiguously positive. Moreover, since the resource intake in 
foreign’s Y sector depends positively on py, dpy>0 is a sufficient condition for leakage to occur 
and–by Eq.(12)–for the need to increase the resource tax h

y� in order to keep the resource intake 
in home’s Y sector constant. Finally, in order for Eq.(5) to be consistent with an increased global 
supply, the real price of the resource must rise. �

A.2 – Proof of Proposition 2

The impact of linking on each country consists of a direct gains-from-trade effect (i.e. an 
increased availability of X), and the effect from the fall of px and the rise of py.

Note that the permit price, say pE, does not need to be taken into account explicitly, since it is 
determined by the value of the marginal product in the X-sector, and hence proportional to px:
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where �R can be interpreted as the number of permits that are traded due to linking. For home, 
the partial income effect associated with the gains-from-trade generated by emission trading can 
thus be expressed as
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i.e. as a fixed increase of available X-goods denoted by h
TX� , the size of which only depends on 

the properties of the production functions Fi. For the foreign country we get f
TX� , in complete 

analogy. With welfare as function of real income as defined in Eq.(4), the marginal change in 
welfare for both countries can be computed by evaluating the net effect of an exogenous increase 
in X:
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Applying the envelope theorem and Eq.(A5) to evaluate the terms-of-trade effect, we obtain the 
following expression, valid for both countries: 
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where the differentials on the right-hand-side still depend on wdX . The two terms in parenthesis 
represent the net exports of good X and Y, respectively. Hence, if home is a net exporter of good 
X or a net importer of good Y (or both), then the linking-induced fall of px and rise of py can lead 
to an overall loss of welfare. 

Finally, by summing up the terms-of-trade contributions for home and foreign one finds
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which–apart from a factor of minus one–represent the terms-of-trade effect experienced by the 
resource supplier country, thus illustrating how terms-of-trade effects constitute a zero-sum-
game at the global level. Since the last expression can be written as � �yx

s ppI ˆ~ˆ �� � which–by 
invoking the supply side relation Eq.(5) and Eq.(A5)–results to be negative if global resource 
supply increases, i.e. 0ˆ~ˆ0 "��� yx ppdS �� , we can conclude that the supplier country’s 
welfare always increases due to the positive terms-of-trade effect.   �

A.3 – Proof of Proposition 3

In this case, home imports resources R from foreign until the price-weighted marginal products 
becomes equalized, i.e.
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Thus, the amount of traded permits �R now depends not only on the functions Fi, but also on the 
price ratio px/y. However, assuming that emission trading from foreign to home actually takes 
place, the resulting effect will in all cases be some increase in X-output at home and a 
corresponding fall in Y-output abroad. Thus, let us assume the world supply of X rises by dXh,
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and that of Y falls by dYf. Consider again Eq.(A1) written in differential form as in Eq.(A3), now 
modified for the case of X-Y linking:

(A13) x
x

f

ww

h

w

f

y

y

x

x dp
p
X

XX
dX

Y
dY

p
dp

p
dp

�
�

		��
�
�

�
�
�
�

�
	

1 ,

which can be rearranged to
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where the term in parenthesis is always positive, and–by assumption–we also have dXh >0 and 
dYf <0. It follows that if py falls, then also px must fall. Next, consider the clearing condition for 
the resource market, and its total differential, in analogy with Eq.(A4):
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Because the last parenthesis is always positive, it follows that dpy and dpx must have opposite 
signs. But then py cannot fall, since this would also require px to fall, by Eq.(A14). Therefore py
must rise, which, by Eq.(A15), means that px falls. Finally, since the resource intake of foreign’s 
X sector only depends on px, and px falls, the resource intake and output of this sector must fall, 
i.e. negative sectorial leakage occurs. In contrast to the case of X-X linking, the relative rise of py
is in this case less pronounced, i.e. it does not overcompensate the fall of px, and thus leads to a 
net increase of the cost � for one unit of utility (i.e. 0ˆ~ˆ �� yx pp �� ) and–consistent with 
negative leakage–a drop of the (real) price of R.    �

A.4 – Proof of Proposition 4

In principle, this proof follows the same line of argumentation as the one for Proposition 1. 
Again, the amount of resource traded between foreign’s and home’s X-sector in the course of 
linking is fully determined by the condition of marginal product equalization, i.e. it is only a 
function of h

XR , f
XR , and the production technologies, as in Eq.(A8). Also  as before, the global

efficiency gains in the production of good X imply a fall of px and a simultaneous rise of py.

A rising price for Y constitutes an incentive for firms in the foreign country to increase their 
production of this good and thus use more resources, such that leakage would occur. However, 
for a scenario in which foreign has adopted an intensity target, the supply side relation Eq.(A2) 
has to be rewritten as
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implying that in the present case a higher resource intake is only consistent with the intensity 
target if foreign’s income has become higher in the course of linking. In fact, the emission-of-
GDP intensity target may even become non-binding, if the increase of foreign’s income is 
sufficiently high. In this case, however, the scenario with intensity target would simply reduce to 
case 1, i.e. Proposition 1 holds. On the other side, if linking has an adverse effect on foreign’s 
GDP, the intensity target tightens the constraint on emissions and leads to negative leakage. 

Specifically, let us consider gross domestic product (as defined by the expenditure method), 
which is given by the value of consumption plus exports minus imports:
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Hence, in presence of a binding emission-per-GDP target � , resource use in foreign’s Y-sector 
can be expressed as:
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which in differential terms implies (denoting the income from the gains-of-trade in emissions 
trading by f

TdX )
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and, by rearranging, 
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The term f
Ry Gp� represents the marginal increase in foreign’s emission allowances ‘generated’ 

by the intensity target if sector Y increases its resource input by one marginal unit. Clearly, with 
a binding intensity target a ceteris paribus expansion of the Y-sector (and thus GDP) must lead to 
fewer new allowances than would be needed to fully cover the additional resource consumption.
Therefore we can conclude that f

Ry Gp� must be smaller than one and, accordingly, that the 
parenthesis on the left hand side of Eq.(A20) is always positive. The parenthesis on the right 
hand side represents the partial (i.e. when holding the production of Y constant) income effect 
arising from linking in form of gains-from-trade and price changes. Thus, foreign’s production of 
Y increases (decreases) and positive (negative) emission leakage occurs, if the income effect 
induced by linking is positive (negative).  �

A.5 – Proof of Proposition 5
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Since foreign has by assumption the lower permit price, the initial effect of linking is that home 
buys ‘permits’ and imports resources into its X-sector. If the barred variables denote pre-linking 
allocations, then the post-linking equilibrium is characterized by a common implied resource tax 
� in all but home’s Y-sector:
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X RRR ��� , as the trading system is neutral with respect to total resource 

use. Because foreign has an economy-wide ETS, the last part of Eq.(A21) is valid at all times, 
also during the linking process, and can thus be used for comparative statics. In differential terms 
it becomes:
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At the same time, the differential of the global supply-demand constraint Eq.(A1), in analogy 
with Eq.(A3), is given by
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Substituting Eq.(A22) into Eq.(A23) leads to the following expression:
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The factors in parenthesis are clearly negative. Hence, given our assumption that home will be a 
net importer of resource permits, i.e. h

xdR >0, the term f
xdR cannot be positive, since this would 

imply also a positive f
ydR , which in turn would mean foreign is a net importer of permits. 

Therefore, linking must lead to a reduction of foreign’s production of good X. Although for 
foreign’s Y-sector the change in output remains ambiguous, the change in the price ratio px/y is 
uniquely determined: if f

ydR >0, then the right-hand-side of Eq.(A24) becomes negative, and 

hence d(px/y)<0. If, on the other hand, f
ydR <0, then dYw<0 and dXw>0 follow, which means that 

the middle-part of Eq.(A23) becomes negative, and again d(px/y)<0 must hold. Moreover, since 
total global resource supply must remain constant under the considered cap-and-trade system, the 
cost of utility function �, which actually represents the inverse of the real price of one unit of the 
resource, must also stay constant, which by Eq.(5) and Eq.(A5) requires 0ˆ~ˆ �� yx pp �� , i.e. the 
change in py and px must be of opposite signs. Therefore we can conclude that px falls and py
increases, which proves assertion (i) and (ii). 

Given the rise in py, it also becomes evident that the tax h
y� in home’s Y-sector must be increased 

in order to keep this sector’s total resource intake constant, as the latter is governed by 
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)(1 h
y

h
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h
y RGp��� . On the other hand, if home’s X-sector is to expand, despite the falling price 

of px, then the corresponding resource tax (or emission permit price) must have decreased due to 
linking, thus completing the proof of assertion (iii). 

It remains to show that it is possible and plausible for the gap between the emissions prices in 
home’s and foreign’s Y-sector to increase. In formal terms, this requires
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to be true. Given that we have f
R

h
R GG � by assumption, the inequality holds whenever f

ydR is 
positive, or negative but sufficiently close to zero, i.e. whenever linking leads to an expansion or 
only small contraction of foreign’s Y-sector. Conversely, a closing of the emissions-price gap can 
only occur if foreign’s Y-sector contracts sufficiently. This would correspond to a case in which 
resources from both foreign sectors are reallocated to home’s X-sector. Although theoretically 
possible, such a scenario is not very plausible, as it would mean that all efficiency gains realized 
in the global production of good X are used to produce more only of good X, and that the global 
production of Y actually decreases. Eq.(A24) implies that this could happen if X and Y are very 
close substitutes, since for  %& one infers that the sign of both f

xdR and f
ydR must be negative. 

Conversely, if X and Y are perfect complements, i.e.  %0, Eq.(A23) requires that both dXw and 
dYw must be positive, and thus f

ydR >0. �

A.6 – Proof of Proposition 6

Consider first a symmetric X-X link. As before, we assume that the foreign country sells some 
amount �R of resource to the home country, receiving an amount of �X in return which exceeds 
the loss of domestic X production and which is defined solely by the condition of marginal 
product equalization, and hence does not depend on any prices. Prior to linking, the foreign 
country’s firms and consumers–taking the price px as given–implicitly maximize 
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Regarding the optimal choice for sector Y, a homothetic utility implies
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where MRS denotes the marginal rate of substitution. After linking to the home country’s X-
sector, the maximization problem in Eq.(A26) is simplified to one of a single variable, 
namely f

yR , because foreign’s X-sector is now fully determined by the condition of marginal 
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product equalization. Foreign’s general equilibrium reaction to a positive ‘shock’ �X can thus be 
evaluated by considering the comparative statics of Eq.(A27), written as
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where the pre-linking equilibrium defines the parameters fX and f
xR . Computing all derivatives 

yields
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Noting that the derivative MRS’ is positive and since, evidently, we have
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the equation can be written in a qualitative way (‘neg’ denoting negative terms, ‘pos’ 
positive ones) as
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The still needed relation linking xdp and f
ydR can be obtained from the resource supply relation 

Eq.(21). With a binding constraint, the resource intake for all sectors except foreign’s Y-sector 
remains constant, and thus any change in the global supply must be due to a change in f

yR :
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Substitution into Eq.(A31) yields
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which–given the unambiguous negative sign of the coefficient–demonstrates that linking leads to 
a fall in the price px. By virtue of Eq.(A32), it follows that foreign’s Y-sector expands, i.e. 
leakage occurs. Finally, the efficiency condition 1)(' �f

y
f
y RGp also implies that the price f

yp
increases. 

In case of an asymmetric link from home’s X to foreign’s Y-sector, the foreign country receives 
additional goods X as ‘payment’ for the amount �R of resource that is traded from its domestic Y-
sector to home’s X-sector. Foreign’s only degree of freedom is to adjust its X-sector, since the Y-
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sector has become ‘fixed’ as part of the linking agreement. However, the first-order condition for 
efficient production in the X-sector remains unaltered by the linking-induced trade in R, since 
foreign’s maximization problem after linking

(A34)
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only implies the equalization of resource price and value of marginal product: 
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Therefore, foreign’s X-sector expands only if px increases. But since the supply relation Eq.(A32)
allows an increase in global resource supply only for a decrease in px, this cannot happen, 
allowing to conclude that global resource use must remain unaltered. �
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Abstract

Current policies in the road transport sector fail to deliver consistent and efficient incentives for 
greenhouse gas abatement (see companion article by Creutzig et al., 2010a). Market-based 
instruments such as cap-and-trade systems close this policy gap and are complementary to 
traditional policies which are required where specific market failures arise. Even in presence of 
strong existing non-market policies, cap-and-trade delivers additional abatement and efficiency 
by incentivizing demand side abatement options. This paper analyzes generic design options and 
economic impacts of including the European road transport sector to the EU ETS. The point of 
regulation in a road transport cap-and-trade system should be upstream in the fuel chain to 
ensure effectiveness (cover all life-cycle emissions and avoid double-counting), efficiency 
(incentivize all abatement options) and low transaction costs.  Based on year 2020 marginal 
abatement cost curves from different models and current EU climate policy objectives we show 
that in contrast to conventional wisdom road transport inclusion would not change the EU ETS 
allowance price. This puts concerns over industrial carbon leakage as a consequence of adding 
road transport to the EU ETS into perspective. 

Keywords: Climate Policy, Road Transport, Cap-and-trade

1. Introduction

Road transport greenhouse gas emissions are rising around the world (IEA, 2008, 2009). 
Ambitious climate policy objectives such as limiting global warming to 2°C (UNFCCC 2009) 
require substantial emission reductions in all economic sectors, including road transportation 
(Luderer et al., 2010; Creutzig and Edenhofer, 2010). Decarbonizing the road transport sector 
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will require new technologies and alternative fuel chains potentially including biofuels, 
electricity, natural gas or hydrogen. 

A companion article by Creutzig et al. (2010a) provides an overview of life-cycle emissions 
of alternative road transport fuel chains. The article explores the consequences of fuel chain 
diversification for an effective and efficient road transport climate policy portfolio and reviews 
major current policies. The main finding is that current road transport policies in Europe, the 
United States and China have proved effective in reducing emissions but fail to set consistent 
incentives across all abatement options. Market-based instruments such as a carbon taxation or 
cap-and-trade system would close the prevailing gap in the climate policy portfolio, while 
traditional non-market policies will continue to play an important complementary role in 
addressing market failures beyond the greenhouse gas externality. 

Several world regions including the United States, California, Japan, Canada, Australia, or 
New Zealand are discussing or implementing cap-and-trade systems that would include the road 
transport sector in an economy-wide trading system (Kossoy and Ambrosi, 2010). The EU 
Emission Trading System (EU ETS) does not include road transport but will cover aviation from 
2012 (EC, 2008b). Against this background, this article reviews the theoretic rationale and 
practical design of cap-and-trade for the road transport sector and provides an empirical 
assessment of road transport inclusion to the EU ETS.

Peer-reviewed analyses of road transport inclusion to cap-and-trade are scarce. Raux (2005) 
focuses on a scheme covering final fuel consumers despite the substantial transaction costs 
associated with regulating millions of actors. Studies published as gray literature almost 
consistently omit the diversification of fuel chains (see Creutzig et al., 2010b).

The remainder of this paper is structured as follows: Section 2 reviews the merits and 
demerits of market- and non-market-based policies for regulating road transport emissions.
Building on the finding that market-based policies are an essential part of the road transport 
climate policy portfolio, Section 3 analyzes the relative merits of carbon taxes and cap-and-trade 
systems. As cap-and-trade is preferable under empirically plausible conditions, section 4 
discusses key design issues in cap-and-trade implementation in the road transport sector, in 
particular the optimal point of regulation. Section 5 compares price and quantity effects of road 
transport integration into the EU ETS using marginal abatement cost curves from several 
models. Section 6 concludes.

2. Market-based versus non-market instruments

Implementing market-based instruments such as carbon taxes and cap-and-trade systems to 
put a price on greenhouse gas emissions is a standard economic prescription in climate policy 
(Kalkuhl and Edenhofer, 2010; Nordhaus, 2008; Stern, 2007). A properly designed carbon price 
internalizes the emission externality and, in theory, incentivizes all abatement options up to the 
same marginal costs of abatement (MAC). Therefore, market-based instruments are particularly 
suited for efficient climate policy. If the carbon price is credibly announced to persist over time, 
it will also foster dynamic efficiency as it stimulates research and development (R&D) efforts, 
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market introduction of new technologies, and longer term behavioral adjustment (Edenhofer et 
al., 2006). Market-based instruments enable the regulator to directly control emission levels, 
either via an emission cap or an adjustable carbon tax. From an industry perspective, a carbon 
price that is harmonized within and across sectors creates a level ‘carbon playing field’ for all 
firms. Market-based instruments enable the regulator to harmonize marginal abatement costs 
without need for assembling detailed techno-economic information which reduces the 
informational requirements. 

Non-market instruments such as technology standards, by contrast, will typically address 
only specific abatement options and face difficulties in guaranteeing that marginal abatement 
costs are harmonized within and across sectors (Creutzig et al., 2010a). Some options for 
abatement may be harnessed at suboptimal levels or even not at all, while others can become 
implemented at disproportionally high cost (Böhringer et al., 2009). Also, efficiency-improving 
standards suffer from rebound effects as they reduce the marginal cost of transportation (Small 
and Van Dender, 2007). Finally, to set non-market policies efficiently the regulator needs to 
draw on reliable techno-economic information. 

However, carbon pricing is not a panacea and non-market policies have an important role to 
play. Where market or government imperfections arise in addition to the basic climate 
externality–e.g. knowledge spillovers in research and development of low-carbon fuels and 
vehicles (Jaffe et al., 2005), or lack of policy credibility (Brunner et al., 2010a)–carbon pricing 
cannot achieve optimal outcomes and complementary standards may be required (Fischer and 
Newell, 2008). The basic reason is that the number of policy objectives (e.g. internalization of 
externalities) needs to be matched by the number of policy instruments (Knudson, 2009; 
Tinbergen, 1952). In many cases a single policy instrument cannot be specified so as to 
optimally address each of several market failures. This also implies that introduction of market-
based instruments will require checking the configuration of standards to ensure that the 
portfolio of policy instruments properly addresses the ensemble of market- and government 
failures (Fischer and Newell, 2008).

Given the presently heavy reliance on non-market road transport policies in the European 
Union, the United States and other world regions (Creutzig et al., 2010a), market-based 
instruments can be regarded as tools that close the policy space by systematically setting an 
incentive for harnessing all available abatement options. But there are also less optimistic views 
of applying market-based instruments in the road transport sector. We examine these in the 
following section. 

2.1 Arguments against market-based regulation 

Adverse interaction with existing fuel taxes 
Paltsev et al. (2004) and Abrell (2009) argue that in presence of high existing road transport 

fuel taxes–especially in Europe–further fuel tax increases due to carbon pricing are not expedient 
from an economic perspective. In Germany, aggregate gasoline taxes (mineral oil tax plus VAT) 
amounted to 0.85€/liter (2.59$/gal) on average in 2009 (MWV 2010). This corresponds to 367€ 
(455$) per ton of CO2 contained in gasoline.1
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However, governments need to raise revenue to finance public goods (including road 
infrastructure). Clearly, this raises politically sensitive issues about the proper role of the state 
and the distribution of the fiscal burden across sectors and social groups. In addition, road 
transport generates several negative externalities that can be addressed by Pigovian fuel taxation. 
Specification of the optimal level tax level thus requires an assessment of negative externalities 
such as noise, accidents, congestion, energy security, and possibly even the less tangible cost of 
geopolitical conflicts related to energy security including the Middle East (Parry et al., 2007). 
The monetary evaluation of these externalities necessarily involves normative elements and 
raises political questions that cannot be fully resolved by scientific inquiry, making specification 
of optimal fuel tax levels contested. Conceptually, if externalities are not correlated with each 
other the optimal fuel tax is equal to the sum of marginal costs of the externalities, and a carbon 
tax would simply be added to the aggregate Pigovian tax (Newbery, 1992).

Hence, the aggregate optimal transport fuel tax results from combining fiscal and Pigovian 
fuel tax elements (Parry and Small, 2005). Whether a price on carbon should be added on top of 
the pre-existing tax level in a specific country to yield the optimal level of fuel taxation is an 
empirical question involving contested evaluations. Some analysts find that present European 
Union fuel tax levels are not justified by transport externalities and general taxation requirements 
(e.g. Paltsev et al., 2004; Parry and Small, 2005) while others consider EU fuel taxes as too low 
(Sterner, 2007; Proost et al., 2009). In the United States, fuel taxes are much lower than in 
Europe at around 0.08€/liter (0.24$/gal) (EIA 2010) and there is agreement that this level is not 
overly high (Paltsev et al., 2004), with some analysts arguing that US fuel taxes should be raised 
(Parry and Small, 2005). This paper assumes that governments must view current taxes to be 
optimal, otherwise they would have changed them (Newbery, 1992). Where carbon taxes are not 
already implemented, a price on carbon would add to the current fuel tax. 

Redundancy and lack of impact
With ambitious non-market road transport regulation in place in several world regions it is 

sometimes argued that market-based policies may be redundant in achieving emission reduction 
targets (Kågesson, 2008). Indeed, our analysis of emission reductions from standards in the 
European Union and United States in Section 5.3 shows that substantial reduction can be 
expected. However, with incomplete information there may be unanticipated abatement 
potentials that are not captured by standards but would be induced by carbon pricing. More 
importantly, even a combination of standards will likely fail to incentivize all available 
abatement options, in particular demand side reductions. This is illustrated in Figure 1. Based on 
data from CE Delft (Blom et al., 2007) it displays an aggregate marginal abatement cost curve 
(MACC) for the EU road transport sector and its decomposition into cost effective technical 
(vehicle efficiency and fuel switching options) and behavioral responses to carbon pricing. Even 
if standards induced all technical abatement options the demand side MAC is still elastic with 
respect to carbon pricing. 
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Figure 1: CE Delft year 2020 marginal abatement cost curve for the EU road transport sector and its 
disaggregation into technical and behavioral cost curves. 

It is sometimes argued that the behavioral response to gasoline fuel price increases of 0.035-
0.07 €/liter (0.10-0.20$/gal) resulting from a carbon prices of 15-30€ (19-37$) per ton CO2e are 
‘too small’ to trigger ‘substantial’ quantities of abatement (Ellerman et al., 2010, p.22). But 
empirical studies of fuel price elasticities show that on aggregate people and companies do 
indeed respond to fuel price changes, with short-term elasticities of 0.25 and long-term 
elasticities of 0.64 (Goodwin et al., 2004; a price elasticity of 0.25 means that 1% fuel price 
increase lead to 0.25% reduction of fuel demand). In addition, classifying price increases as 
‘small’ requires a benchmark. One proper benchmark is the price that is required to achieve the 
environmental benchmark. With a cap-and-trade system in place the amount of emissions is
determined by the cap, and the carbon price will adjust automatically to ensure goal attainment 
(alternatively, a carbon tax can be adjusted to achieve a quantity goal). If ‘low’ carbon prices 
suffice to meet the environmental target this is not a sign of climate policy failure but an 
indication of sufficient low-cost abatement options in the system. Specification of the 
environmental target is an important but separate question from that of policy instrument choice. 
A bottom-up rationale on the complementary between market-based on non-market-based 
instruments in road transport climate regulation is given in the companion paper (Creutzig et al.,
2010a). 

Dynamic efficiency
Non-marginal technological change will be required to decarbonize the transport sector in 

the 21st century. Under perfect market assumptions long-term carbon caps or taxes will provide 
sufficient incentives to foster low-carbon technological change (Edenhofer et al., 2010; Luderer 
et al., 2010). But perfect markets and governments are not in place and hence the dynamic 
efficiency of carbon pricing schedules is compromised. It is crucial to note that such 
imperfections do not remove the basic rationale for market-based policies in the first place. They 

5.2 Market-based versus non-market based instruments 105



6

rather open the policy space for complementary policies–aiming for dynamic efficiency–such as 
standards, R&D subsidies, and infrastructure investments. 

3. Taxes versus cap-and-trade

In a simple framework carbon taxes and cap-and-trade are equivalent instruments. The 
theoretical literature has discussed asymmetries arising under uncertainty (Hepburn, 2006;
Weitzman, 1974) or considerations of supply side dynamics (Kalkuhl and Edenhofer, 2010;
Sinn, 2008). Section 3.1 reviews arguments that would favor taxes over trading for road 
transportation climate policy. The arguments draw on considerations of carbon leakage and 
transaction costs. Section 3.2 then outlines the argument that cap-and-trade has advantages over 
taxation under specific but plausible conditions. 

3.1 Arguments favoring taxes 

In the EU context, including the growing transport sector with its relatively steep abatement 
cost curve into the EU ETS is suspected to prompt EU allowance (EUA) prices to rise, thereby 
causing carbon leakage in trade-exposed sectors already covered by the EU ETS (Blom et al.,
2007; Holmgren et al., 2006; Kampmann et al., 2008; Kågesson, 2008). A road transport carbon 
tax would avoid this detrimental general equilibrium effect as it will have no impact on the EUA 
price. 

It is useful to explicate the conditions that need to be met for rendering this argument into a 
valid public policy concern:

'( The allowance price change induced by road transport inclusion is significant.

)( The carbon price elasticity of leakage is significant, i.e. an increasing allowance price 

leads to substantial leakage effects. These rates are largely unknown and methodically 

difficult to determine. 

*( No policy instrument exists which could mitigate carbon leakage risk. 

+( The welfare loss from carbon leakage is larger than the efficiency gain from harmonizing 

marginal abatement costs, and a transport carbon tax better balances domestic efficiency 

and carbon leakage concerns. 

This paper only addresses the first concern over an increasing allowance price in the 
European case (Section 5). We find that for relevant EU climate policy configurations a EUA 
price increase from road transport integration to the EU ETS is not relevant. 
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Another argument is that transaction costs of road transport inclusion will be very high, in 
particular when final consumers are the point of regulation (Ecofys, 2006). However, upstream 
coverage will contain transaction costs and should not exceed those of current EU ETS facilities, 
where they are not found to be prohibitive (Ellerman et al., 2010, pp. 245; see also Section 4). 
Also, monitoring, reporting and verification (MRV) are required for both carbon taxation and 
cap-and-trade, and the related transaction costs are identical. An asymmetry arises only from the 
costs of establishing a well-functioning carbon market which will be lower where such a system 
is already in place (e.g. the EU ETS).

3.2 Arguments favoring cap-and-trade

Three observations motivate the argument of this subsection: (1) marginal abatement costs 
are uncertain, (2) policymakers prefer quantitative emission targets and (3) sometimes 
implement cap-and-trade in other sectors of the economy. To illustrate uncertainty over marginal 
abatement cost curves (MACCs), Figure 3 displays MACC estimates from several models for the 
European road transport sector in 2020. The differences are striking: at a carbon price of 
50$/tCO2e, abatement estimates differ by a factor of ten from 2% (Enerdata-POLES) to 20% (CE 
Delft) of business-as-usual emissions. 

On the global level, preference for quantity objectives is documented by the design of the 
Kyoto Protocol and more recently the 2°C objective enshrined in the Copenhagen Accord 
(UNFCCC, 2009) which implies a cumulative carbon budget (Meinshausen et al., 2009; WBGU,
2009). Regionally, the European Union has adopted legislation to reduce emissions by 20% 
relative to 2005 by 2020. The United States envisage 17% emission reductions below 2005 
levels by 2020. The announcements by China and India to reduce carbon intensity of GDP by 
40-45% and 20-25% below year 2005 levels by 2020 are also based on emission quantities rather 
prices.

When a fixed carbon tax is used to manage a carbon budget and MACCs turn out to be 
higher than expected, there will be a shortfall in abatement and the policy objective is missed. 
Vice versa, if the marginal abatement cost curve turns out to be flatter than expected, the 
abatement objective will be exceeded. 

Clearly, if the tax rate can be adjusted over time, the policymaker can ensure that a 
cumulative quantity target is achieved. But repeated adjustment of carbon taxes will likely 
involve delays, transaction costs, and political controversies. To avoid policy failure of carbon 
taxation in presence of uncertainty, the regulator can impement international flexibility 
mechanisms for compliance. For example, the EU climate package enables governments to use 
CDM credits for compliance with up to 3% of their year 2020 EU-emission objectives in non-
ETS sectors. In addition, EU countries can use statistical transfers of non-ETS sector reductions 
to comply with their reduction burdens in non-ETS sectors, essentially enabling government 
level emission trading (EC, 2009a). However, if the price of CDM credits or statistical transfers 
deviates from the carbon tax, this indicates that the policy configuration has been inefficient. In 
an economy-wide cap-and-trade system, by contrast, the cap will ensure compliance with the 
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policy objective, and trading will result in a uniform allowance price across all sectors. Hence, 
abatement is allocated in the most cost effective manner. 

With uncertainty over abatement costs, and simultaneous application of a fixed carbon tax in 
the road transport sector and cap-and-trade in other sectors will almost certainly lead to 
inefficiency as the tax and allowance price will diverge. When road transport fuels are generated 
in diverse fuel chains (e.g. crude oil refining, biofuel refining, power generation) such 
asymmetric carbon prices also imply intra-sector distortions, as transport technologies and 
modes will face different carbon prices (Bühler et al., 2009). By contrast, an economy-wide cap-
and-trade system automatically harmonizes sector carbon prices without need for adjustments by 
the regulator. 

The relevance of this argument clearly depends on the scale of the potential policy failure 
and inefficiency. If the errors in policy-making turn out to be small, and minor failures in 
achieving quantity targets can be tolerated or mitigated by using flexible mechanisms, the 
asymmetry between tax and trading will be weak. 

Illustrating the potential order of magnitude of welfare losses from sectorally diverging 
marginal abatement costs, Böhringer et al. (2009) review three model-based analyses of the 
recent EU climate package. They find that asymmetric marginal abatement costs in EU ETS and 
non-ETS sectors as implied by the EU climate package raise year 2020 climate policy costs by 
0.25-0.6% in terms of total welfare, or 25-30% above the cost of the efficient policy. 

To sum up, cap-and-trade is preferable because it ensures the attainment of quantitative 
policy objectives and features automatic dynamic harmonization of marginal abatement costs 
across all abatement options.

4. Cap-and-trade design 

Practical implementation of cap-and-trade for any sector requires specification of a number 
of design elements (Brunner et al., 2010b). The choice of the point of regulation for road 
transport cap-and-trade has received the most attention in the debate (for a list of relevant 
publications, see Creutzig et al., 2010b). We revisit and extend this debate beyond the traditional 
gasoline and diesel fuel chains by also considering electricity, natural gas, hydrogen and biofuels 
(Section 4.1). Section 4.2 briefly discusses the design of the cap, the allocation of allowance 
value, and regional flexibility with regard to the road transport sector. 

4.1 Point of regulation

The point of regulation specifies where in the transport fuel supply chain emissions are 
monitored and emission allowances are delivered to the regulator. Commodity chains can be 
characterized by up-, mid- and downstream processes and actors. For road transport fuels we 
distinguish the production of feedstocks, fuel production (e.g. refining, power generation, 
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hydrogen production), distribution and storage, and vehicle fuel consumption. Feedstock 
production is the most 'upstream' and fuel consumption the most 'downstream' level in the 
product chain, with the remaining stages ranging in between (see Figure 2).

Some (or parts) of fuel chains feature strict proportionality between the energy carrier and
(‘embedded’) greenhouse gas emissions: The amount of CO2 emissions that will ultimately be 
released from burning gasoline or diesel produced from one barrel of crude oil can be easily 
calculated. By contrast, where fuel production (at biorefineries, power plants, or hydrogen 
plants) uses heterogeneous primary energy inputs with different emission factors (coal, gas, oil, 
renewables, different biomass stocks) to produce a homogenous output (electricity, hydrogen, 
biofuels), only average emission values of the final fuel can be determined using system life-
cycle analysis (Creutzig et al., 2010a). 

This has two consequences for determining the optimal point of regulation. Strict 
proportionality of downstream fuel consumption to life-cycle GHG emission implies that any 
point of regulation can be chosen. However, homogenous final fuels from diverse upstream 
feedstocks require coverage to be sufficiently far upstream to ensure there is an incentive for 
switching between primary energy carriers with different emission factors. 

Another important aspect is that in competitive markets the costs of surrendering an 
allowance upstream (e.g. at the refinery) will be factored into the fuel price and shifted 
downstream. In Germany, for example, fuel taxes are collected at tax warehouses but their 
burden is shifted to consumers. 

Three principles govern the choice of the most effective and efficient point of regulation: 

1. All fuel chain emissions should be covered and double counting excluded (effectiveness)

2. All emission reduction options in the sector should be incentivized (efficiency)

3. Transaction costs should be minimized by choosing the point in the fuel chain where the 

number regulated entities is minimal, where costs of monitoring and compliance are 

lowest, or where proper administrative structures are already in place

With three principles, four potential points of regulation (feedstock production, fuel 
production, fuel storage and distribution, final consumption), and five fuel chains a 
comprehensive discussion needs to cover 60 facets. This is clearly beyond the scope of this 
paper, and we restrict the discussion to major issues in each fuel chain. Figure 2 provides an 
overview. 

The fuel chains of gasoline, diesel and natural gas exhibit structural similarity. CO2
emissions per unit energy are proportional throughout the fuel chain, and upstream process 
emissions e.g. in tar sand processing or oil refining may be covered separately. The major 
abatement options are switching away from carbon intensive feedstocks (e.g. tar sands) and 
avoiding combustion of the final fuel altogether. Upstream regulation would require tracking of 
inputs to products that are not eventually combusted (e.g. lubricants) to ensure they are not 
burdened with the allowance price (Hargrave, 2000). Effectiveness and efficiency considerations 
enable regulation at any point in the fuel chain as long as upstream process emissions are 
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covered separately, thus transaction cost considerations will be the decisive factor. Since a 
detailed analysis of the relative transaction costs of the potential points of regulation is not 
available and beyond the scope of this study, only the downstream level of vehicles is excluded 
from the set of recommendable points of regulation as it would literally involve millions of
actors. All other points of regulation are generally suitable for effective and efficient cap-and-
trade inclusion. For fuels imported from regions that lack comparable carbon pricing systems, 
the proper point of regulation is at the import of the fuel. 

Figure 2: Optimal point of regulation for different transport fuel chains.  Sources (data refer to the United 
States): CARB (2009), Hargrave (2000), NREL (2010), Stavins (2007).

Upstream coverage of fossil-based road transport fuels e.g. at the level of fuel refining is not 
only widely recommended in the literature (see Kampmann et al., 2008 for a review), but all 
legislative proposals for cap-and-trade coverage of gasoline and diesel envisage inclusion of 
emissions at the level of fuel production (ACESA, 2009; Australian Government 2008; APA,
2010; California, 2009;). In the EU ETS, refinery process emissions are already covered (EC,
2003). Coverage at the feedstock production level–i.e. crude, natural gas and coal production–is 
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considered an elegant approach which would enable a comprehensive economy-wide trading 
system at low administrative costs (Stavins, 2007). Alternatively, the distribution level (e.g. gas 
distributors, fuel tax warehouses) has been suggested as point of regulation as pre-existing fuel 
taxation administration structures may be harnessed to contain transaction costs (Bergmann et 
al., 2005; California, 2009). 

The hydrogen and electricity fuel chains also share crucial characteristics. Both involve a 
homogenous final energy product (electricity and hydrogen) that can be created from a wide 
range of feedstocks with different GHG emission factors (coal, gas, oil, renewables). Hence, 
switching to low-carbon primary energy inputs is only incentivized if the point of regulation is 
sufficiently far upstream at the level of feedstock or the inputs to fuel production. Up-stream 
regulation incentivizes agents endowed with relatively more options for emission reduction 
compare to agents at lower stages of a value chain. This implies that up-stream regulation is 
more cost-effective than down-stream regulation. For electricity and hydrogen imported from 
regions that lack comparable carbon pricing systems, the proper point of regulation is at the 
import of the product with average emission factors of fuel production systems in the country of 
origin have to be applied as the best proxy for accurate accounting. 

Biofuels represent the most significant challenge for inclusion to cap-and-trade due to the 
substantial technical greenhouse gas accounting difficulties (Creutzig and Kammen, 2009; 
Creutzig et al., 2010a). Emissions associated with biomass production will differ across crops, 
regions, farmers and even fields. Accurate monitoring of emissions at the farmer and field level 
would involve significant transaction costs making this approach infeasible. In addition, even if 
such a system was put in place in one region but not on a global scale, indirect global effects of 
domestic biomass production still arise as world agrarian market prices will be affected by 
domestic production inducing changes in global emission levels that depend on market dynamics 
and land-use and land-use change patterns. Hence, life-cycle accounting differentiated by crops 
and regions at the input level of biofuel production facilities appears as the second best point of 
regulation. In analogy to electricity and hydrogen, this would enable switching across more or 
less GHG-intensive biomass feedstocks which would not be possible with regulation of 
homogenous biofuels (e.g. ethanol) further downstream. Imported biofuels from regions without 
a comparable carbon pricing system have to be accounted by using average values from life-
cycle analyses. 

Another proposal not investigated here includes vehicle manufacturers into cap-and-trade 
system by attributing their vehicle sales with expected lifetime emissions and requiring delivery 
of allowances from the manufacturer at the time of vehicle sales - effectively frontloading 
allowance expenditures for fuels for the consumer (Winkelman et al., 2000). This approach 
suffers from two fundamental problems. First, it is inefficient because it sets no incentive to 
adjust driving behavior and fuel production. Second, attributing lifetime emissions to vehicles 
requires cumbersome definition of uniform emission factors for fuels and cars. Policy design is 
further complicated by the need of multi-year trading periods to enable car manufacturers 
surrendering allowances for vehicle emissions several years ahead. 

In summary, there is some flexibility in choosing the appropriate point of regulation without 
compromising effectiveness and efficiency if (1) coverage is comprehensive and avoids double 
counting, (2) all mitigation options are incentivized, and (3) transaction costs remain low. The 
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feedstock and fuel production levels are recommendable points of regulation for all of the 
considered fuel chains, except for biomass where only refineries and life-cycle accounting are 
recommended due to prohibitive transaction costs at the farming level. While it is theoretically 
possible to determine different points of regulation for different economic sectors (Hargrave,
2000), consistency is necessary for avoiding loopholes and double-pricing.

4.2 Other design features

Two aspects are essential when determining the cap of an ETS that covers road 
transportation. First, the cap needs to be in line with regional and global emission reduction 
targets. Second, if a cap-and-trade system covers only part of an economy’s emissions, the cap 
needs to be set so as to ensure an efficient effort-sharing between ETS and non-ETS sectors 
(Böhringer et al., 2009). As efficiency implies harmonized marginal abatement costs across 
sectors, adding a non-ETS sector to an ETS should actually not impact allowance prices. 

Allocation of allowance value has an efficiency and distributional dimension. Perverse 
incentives from free allocation–e.g. when future free allocation is based upon current emission 
levels–need to be avoided. Auctioning is widely preferred by economists as this method does not 
suffer from such shortcomings (Hepburn et al. 2006). Free allocation is sometimes used as a 
subsidy to protect trade-and carbon-price exposed sectors (such as steel and aluminum) from 
international competitors not facing comparable constraints (EC, 2010). This aspect is not 
relevant for road transportation as the final economic activity is not subject to international trade. 

In competitive markets companies will pass on the opportunity costs of using allowances to 
final consumers irrespective of the allocation method (Sijm et al., 2006). If companies receive 
allowances for free they increase their revenue by increasing product prices without having to 
pay for allowances, realizing so-called windfalls profits. This effect would occur if e.g. transport 
fuel refineries and importers were included to a cap-and-trade system and received allowances 
for free. Fuel prices would rise and generate additional revenues for these actors. Auctioning of 
allowances eliminates windfall profits, and the revenue can be used for a variety of purposes, 
including ensuring a progressive distribution of the policy burden by compensating consumers 
accordingly (Burtraw et al., 2009). 

Regional flexibility is provided by linking regional cap-and-trade systems or by enabling 
access to credits e.g. from the Clean Development Mechanism (CDM) (Tuerk et al., 2009). 
Linking promises efficiency gains if permit prices differ across regions and harmonization of 
allowance prices across cap-and-trade systems eliminates industrial competitiveness concerns by 
‘levelling the carbon playing field’ (Flachsland et al., 2009). When linking to crediting schemes 
it is paramount to ensure additionality. This means that emissions need to be reduced below 
business-as-usual levels, i.e. credits shall not be issued to rewards emission reductions that 
would occur anyways (Schneider, 2007). Linking cap-and-trade systems of major automobile 
markets such as the United States and Europe would ensure harmonized carbon prices across 
these markets, which facilitates research, development and deployment planning of international 
firms. 
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5. Economic impacts: the European case

5.1 Concepts, data and scenarios

Marginal abatement cost curves are a standard tool for analyzing price and quantity effects in
carbon markets and are widely used to analyze the integration of regional trading systems 
(Anger, 2008; Criqui et al., 1999; Ellerman and Decaux, 1998; Stankeviciute et al., 2008). The 
basic concepts for analyzing regional links or integration of sectors are identical. Figure 3
displays four marginal abatement cost curves for the European road transport sector and one 
aggregate MACC for the EU ETS sectors. 

Marginal abatement cost curves can be derived in several ways which is reflected in the 
differences across models (Clapp et al., 2010). Important choices concern the model structure 
(e.g. top-down versus bottom-up, scope of considered technologies and behavioral reactions), 
baseline assumptions (e.g. energy prices, economic growth, technological innovation) and policy 
assumptions regarding the baseline. 

Among the MACCs applied in the analysis below, only the CE Delft road transport curve 
explicitly includes demand side responses while McKinsey and AIM/Enduse do not include this 
option. Including behavioral responses into the other curves would flatten all of them (see Figure 
1). Also, none of the transport MACCs takes the 2009 EU climate package into account, which 
would unambiguously shift curves downwards (see Figure 9 and the discussion in Section 5.3). 
Finally, none of the models takes the world economic crisis into account. This would also shift 
marginal cost curves downwards, as year 2020 baseline emission levels are reduced and a lower 
price incentive is required to yield a given level of emissions.
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Figure 3: Comparison of marginal abatement cost curves for year 2020 EU road transport sector from CE 
Delft (Blom et al., 2007), Enerdata-POLES (Enerdata, 2010), McKinsey and AIM/Enduse (Clapp et al.,
2009) and an aggregate EU ETS curve (Blom et al., 2007). 
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When modeling road transport inclusion to the EU ETS, the MACCs from Figure 3 need to 
be modified to reflect the EU ETS link to the CDM (EC, 2004). This regional flexibility can be 
modeled by adding the permitted volumes and prices of credits to the schedule of available 
abatement options (Figure 4). 

$/t

Abatement

MACC
w/o CDM

MACC with
CDM

Credit limit

Figure 4: Including limited international credit supply to a marginal abatement cost curve. Credits enable 
access to additional abatement options in other countries, and the price of this abatement option is set by 
the world market. The formulation here assumes that demand for credits does not impact the world 
market price, thus the credit abatement 'lever' is horizontal.

The EU has specified a complicated set of rules determining the quantity of credits available 
in the EU ETS in the 2013-2020 trading period (EC, 2009b). Our estimate for credit use is the 
mean of the average annual estimates summarized in Capoor and Ambrosi (2009, p.8), which 
amounts to 150Mt per year. A CDM world market price of 30$/t is assumed. As a new sector, 
road transport would increase the total amount of credits available in the EU ETS. The reformed 
EU ETS Directive suggests  that road transport would increase the amount of available credits in 
the EU ETS by 4.5% of year 2020 road emissions (EC, 2009b, Article 11a). In the scenario 
where EU emission reductions are enhanced from 20% to 30% relative to 1990, we assume that 
50% of the additional abatement effort can be covered by credits. 

Figure 5 illustrates how MACCs enable the analysis of price and quantity effects of adding 
sectors to an existing cap-and-trade system. The horizontal axis depicts the total abatement 
required by both sectors. In our example, the section left of Qset represents the abatement target 
for the ETS already in place, while the section to the right of Qset denotes the abatement target 
for the road transport sector to be included. The ETS pre-link allowance price PETS is determined 
by the intersection of the EU ETS curve and the policy target (Qset), while the transport sector 
pre-integration MAC is given by Ptrans. The optimal allocation of abatement Q* and the 
corresponding optimal allowance price level P* result at the intersection of the MACCs as 
indicated in the right hand panel. The aggregate efficiency gain is indicated by the shaded area. 
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Figure 5: Pre- and post-integration carbon market equilibria and efficiency gains from including road 
transport. The left figure indicates asymmetric marginal abatement costs prior to road transport inclusion. 
The right figure indicates the direction of price changes after integration, with the shaded area denoting 
the efficiency gain from trade.

The assumptions on abatement targets in the default policy scenario are based on the EU-
wide GHG reduction target of 20% below 1990 levels by 2020 (EC, 2009a, b). The European 
Commission (EC, 2008) reports that EU policymakers adopted an implicit sector emission 
reduction burden-sharing where the EU ETS sectors need to reduce their year 2020 emissions by 
21% below 2005 levels. The transport sector is supposed to reduce emissions 7% below its 2005 
level by 2020 (EC, 2008). The Commission claims that these are the efficient burden-sharing 
levels as determined in modeling exercises, i.e. marginal abatement costs in these calculations 
are supposed to be harmonized across sectors. Table 1 summarizes historic emissions, future 
projections, sector caps and abatement targets for the EU ETS and the considered road transport 
MACCs.

A scenario with 30% reduction below year 1990 emission is investigated in addition to the 
20% default policy case (EC, 2010). For this enhanced EU effort we assume that EU ETS and 
road transport uniformly increase their abatement by 50% above the effort required compared to 
the default scenario. Thus, modified ETS and road transport reduction targets are 31.5% and 
10.5% below year 2005 emission levels, respectively. In a third policy scenario, we investigate 
the impact of the 20% default policy scenario while excluding the link to crediting schemes. 
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Unit: Mt CO2e
EU 

ETS (Delft)

Road Transport

Delft Enerdata-
POLES McKinsey AIM/ Enduse

2005 emissions 2014 895 895 895 895

2020 BAU emissions 2363 1116 893 1000 1100

2020 cap in 20% 
scenario 1591 832 832 832 832

2020 abatement 
below BAU, absolute 771 284 61 168 268

2020 abatement 
below BAU 33% 25% 7% 17% 24%

Table 1: 2005 emissions from EU ETS and road transport sectors, baseline emission projections from 
different models, sector policy targets under the 20% EU-wide reduction target, and corresponding 
abatement targets for the EU ETS and transport sectors (in MtCO2e). Sources: Historical year 2005 
emissions EEA (2010); year 2020 BAU projections same as Figure 3.

5.2 Results

Figure 6 displays the CE Delft and Enerdata-POLES results for the 20% policy default case 
(see Appendix Ia-c for all scenarios and models). Figure 7 summarizes the price changes in the 
EU ETS and the road transport sector, and Figure 8 shows how abatement quantities shift 
between sectors. 

EU ETS-Delft, CDM, 20% Target
(Target: total abatement: 1056Mt; EU ETS: 772Mt; Road Transport: 284Mt)
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Figure 6: Economic impacts of integrating EU road transport into the EU ETS by 2020 using CE Delft 
(left) and Enerdata-POLES (right) road transport MACCs. Pre-integration prices and quantities are 
determined by the intersection of the MACCs with the vertical line which indicates sector abatement 
targets. Post-integration price and quantity equilibrium results where the MACCs intersect.
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Figure 7: Price effects of EU road transport integration into the EU ETS in 2020 for three policy 
scenarios and four models. The figure displays pre- and post-integration marginal abatement costs in the 
EU ETS and transport sector. Bars exceeding the scale indicate that the abatement target cannot be 
achieved because the model lacks sufficient abatement options.

Figure 8: Change in abatement quantities across sectors when including EU road transport into the EU 
ETS in 2020 for three policy scenarios. Positive values mark increased abatement activity in a sector and 
vice versa. Where the changes for EU ETS and transport sectors do not cancel out, the quantity objective 
is not achieved prior to transport integration because models lack sufficient abatement options.

As the perhaps most striking result, in the default 20% policy scenario the EU ETS 
allowance price remains unchanged for all models (Figure 7). This is in contradiction to previous 
MACC-based assessments usually concluding that road transport integration to the EU ETS 
would raise the EUA price (Blom et al., 2007; COWI, 2007; Hartwig et al., 2008; Holmgren et 
al., 2006). Integration of road transport would actually reduce the amount of abatement required 
from EU ETS sectors for all but the McKinsey model (Figure 8). 

This result can be explained by the combination of (i) the volume of abatement potentials in 
road transport as represented by the MACCs, (ii) regional flexibility in meeting part of the 
abatement target with CDM credits, and (iii) the 7 % road transport reduction target below 2005 
levels not representing a very large challenge for EU road transportation given the scope for 
domestic and foreign abatement. 
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The pre-integration EUA price of 80$/t for the year 2020 is quite high compared to the 37$/t 
reported by EC (2008) modeling, or private sector estimates of 37-50$/t reported by Capoor and 
Ambrosi (2009, p.8). This reflects the rather conservative EU ETS cost curve estimate by CE 
Delft (see Blom et al., 2007).

In the 30% reduction scenario, the same picture emerges except for the McKinsey cost 
curve. In this model the constraint becomes so tight that the EUA price needs to rise to 
incentivize more expensive abatement options in the EU ETS. It is worth noting that the 
McKinsey model does not take demand side reductions into account. Including this abatement 
option into the model would flatten and extend the marginal abatement cost curve and would 
dampen the EUA price increase (see Figure 1).  

In this context it is worth taking into account that the economic crisis has eased the 
conditions for meeting a 30% reduction target (EC, 2010). The MACCs in this analysis would 
reflect the economic crisis by shifting downwards, thereby dampening impacts on allowance 
prices. 

The third policy scenario (20% reduction target without access to CDM) leads to 
substantially different outcomes. Except for the CE Delft curve, EU ETS prices rise and the ETS 
sectors need to deliver additional abatement. Even for the CE Delft case the pre-link EUA price 
level is higher than in the default scenario because more expensive domestic abatement options 
need to be harnessed as international emission trading is not available. For the McKinsey model 
the aggregate target is not feasible because it does not  no include sufficient domestic abatement 
potentials. This scenario illustrates the importance of regional flexibility for containing EUA 
prices. 

Several conclusions can be drawn from this analysis. First, with the EUA price remaining 
constant in case of road transport inclusion to the EU ETS in the 20% default policy scenario in 
all models, concerns over carbon leakage from transport inclusion appear less well-founded than 
is often suggested in the literature. 

Second, the relatively moderate sector differences in pre-integration MACs and the 
correspondingly modest changes in sectoral abatement in case of transport integration in the 
default policy scenario indicate that EU policymakers perform well in terms of sector burden-
sharing. Note, however, that the instruments for the road transport sector are not market-based 
and hence the abatement options in this sector do not consistently face the shadow price of 
emissions. Therefore, it can be expected that road transport inclusion would still deliver 
efficiency gains. 

Third, the McKinsey and AIM/Enduse models ignore demand side responses and only 
represent technical abatement options. Taking behavioral responses into account would lower the 
transport MAC curves. Therefore EUA price increases for these curves would be lower than 
indicated here. In a similar vein, taking into account the world economic recession reduces 
business-as-usual emissions and would work towards reducing EUA price levels and changes in 
all of the considered policy scenarios.
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Finally, this analysis does not include non-price policies as embodied by the recent EU 
climate policy package (e.g. EC, 2009c). A detailed analysis is beyond the scope of this study. 
However, estimates of the impact of non-price road transport policies on abatement in the 
European Union, the United States and California are discussed in the next section. 

5.3 Interaction with non-market policies

As noted in Section 2.1, non-market policies will induce abatement even in absence of 
market-based policies. In the MACC framework this can be represented as a shift in the marginal 
abatement cost curve as shown in Figure 9. In a cap-and-trade system, standards that trigger 
abatement options that either cost more than the equilibrium allowance price P* or that do not 
respond to an allowance price due to some market failure will have the effect of reducing the 
equilibrium allowance price to Ps.

$/t

Abatement

Original
MACC

MACC with
standard

P

Ps

Q*

*

abatement
standard

Figure 9: Standards shift the marginal abatement cost curve downwards and can reduce the allowance 
price in cap-and-trade systems. 

Creutzig et al. (2010b [calculation is attached as Appendix II since Creutzig et al. 2010b is 
forthcoming]) calculate that EU non-market policies such as vehicle emission intensity 
standards, the Fuel Quality Directive and measures including improved air conditioning and tires 
will reduce EU road transport emissions in 2020 to around 11% of the 2005 level, despite 
moderate growth of transport volumes (EC 2009c). This would not only exceed the 7% year 
2020 reduction target below 2005 emissions assumed in the default policy scenario above, but 
also the 10.5% target assumed for the enhanced 30% EU-wide effort. In the United States–
assuming the revised US CAFÉ standards will remain constant from 2016 to 2020–vehicle 
efficiency standards will induce road transport emissions to drop by 3% relative to 2005 levels in 
2020.

What does this mean for the EU ETS integration of the European road transport and the 
results derived above? As standards have the effect of shifting the road transport MACCs 
downwards, this unambiguously works towards reducing allowance prices in the integrated 
trading system. In the same vein, it will work towards reducing the level of abatement required 
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in the EU ETS sectors. Therefore, the analyses in the previous section tends to overestimate the 
increase of the EUA price when adding road transport to the EU ETS. 

5. Conclusions

Well-designed market-based instruments such as carbon taxes and cap-and-trade systems 
have several advantages over non-market climate policies for the road transport sector. Their 
merits include the provision of abatement incentives across all available emission reduction 
options (within and across sectors) at harmonized marginal costs of abatement, the elimination of 
rebound effects, a level playing field for competing technologies, and lower informational 
requirements. Therefore, market-based climate policies fill an important policy gap in the current 
road transport policy portfolio that is dominated by non-market instruments in many regions 
including the European Union and the United States. Where carbon price signals are ineffective 
due to market failures, non-market policies continue to play an important complementary role. 

Cap-and-trade and carbon taxes are equivalent instruments in a simple analytic framework. 
However, cap-and-trade is the favorable instrument if marginal abatement costs are uncertain 
and policymakers prefer quantitative emission targets, or if a cap-and-trade system has already 
been implemented in other sectors of the economy. If errors in setting a carbon tax turn out to be 
small or flexibility mechanisms are implemented to contain the magnitude of error, the 
asymmetry between tax and trading will be weak. 

An upstream point of regulation at the level of feedstock or fuel production (e.g. refineries 
and power plants) is recommended to ensure effectiveness, efficiency and low transaction costs 
in presence of diversifying fuel chains. Biofuels exhibit particular challenges due to the difficulty 
of monitoring emissions from geographically spread biomass production. Auctioning of 
allowances is preferable to free allocation to ensure efficiency and avoid windfall profits. Well-
designed links to other cap-and-trade systems will ‘level the carbon playing field’ across the 
linked regions and enhance efficiency. Gains from trade also motivate links to emission crediting 
schemes. 

A comparative analysis of integrating the road transport sector into the EU ETS in 2020 
reveals that in the present EU climate policy configuration (20% economy-wide reductions 
below 1990 levels by 2020) no allowance price changes would result from adding the sector to 
the EU ETS. This can be explained by the interplay of the volumes of abatement that are 
available in the road transport sector, regional flexibility exhibited by the access to CDM credits, 
and the relatively modest emission reduction target for the road transport sector that is envisaged 
by EU policymakers. Therefore, the widespread concern over carbon leakage from trade-exposed 
EU ETS sectors in case of rising allowance prices due to road transport inclusion is not 
confirmed by our results.
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Appendix Ia: EU ETS inclusion road transport - 20% default scenario with CDM
EU ETS-Delft, CDM, 20% Target

(Target: total abatement: 1056Mt; EU ETS: 772Mt; Road Transport: 284Mt)
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Appendix Ib: EU ETS inclusion road transport - 30% reduction with CDM 
EU ETS-Delft, CDM, 30% Target

(Target: total abatement: 1298Mt; EU ETS: 984Mt; Road Transport: 314Mt)
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Appendix Ic: EU ETS inclusion road transport - 20% reduction without CDM 
EU ETS-Delft, no CDM, 20% Target

(Targets: total abatement: 1056Mt; EU ETS: 772Mt; Road Transport: 284Mt)
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Appendix II – Calculating the impact of non-price policies 

II.1 European Union
The current EU regulation of emission intensity of new vehicles dates from April 2009 

(EC, 2009c) and, hence, has not been included in previous models of transport inclusion into 
emission trading. The regulation mandates the average carbon emissions from newly sold 
vehicles to decrease from 167gCO2/km in 2005 to 130gCO2/km in 2015, and to 95gCO2/km in 
2020 (see also chapter 3). This corresponds to 40% reduction in emissions intensity of new 
vehicles sold by 2020. 

How large is the emission reduction in the transport sector in the EU in 2020 given by 
this and other policies? New vehicles, of course, do not substitute the current car fleet. A good 
working assumption is a 10% turnover rate every year. The question can be broken down in 
different parts. What were the average emissions per vehicle in 2005? Data is available for the 
year 2000, with average emissions per vehicle in 2000 being 186 gCO2/km (EC 2000). Emission 
intensity of newly sold vehicles between 2000 and 2005 were relatively constant at around 167 
gCO2/km (An and Sauer, 2007). Assuming a 10% annual turnover rate, the average 2005 fleet 
average was 178 gCO2/km. 

Average emission intensities for 2020 are more difficult to estimate. Newly sold cars 
after 2015 will have less than 130 gCO2/km on average, as the average heads towards the 
95gCO2/km value of 2020. These vintages may constitute around 40% of the overall fleet. Linear 
interpolation of fuel economy  values between 2015 and 2020 then yields an average fleet 
intensity of 125 gCO2/km in 2020.

Additional measures, such as improved air conditioning and tires, but also biofuels are 
expected to deliver another intensity reduction of 10 gCO2/km until 2015. To be on the 
conservative side, we omit the car-related measures. We do include the more specific Fuel 
Quality Directive COM-2007-18 which requires 6% reduction in CO2e of transportation fuels 
from 2010 to 2020 (EC 2009c). At the same time, total road transport demand is projected to rise 
from 4700 Gpkm in 2005 to 5800 Gpkm, an increase of 24% (EC 2008b). We omit any rebound 
effects. Taking together, carbon emissions from road transport (not including other transport, 
such as air traffic) will be reduced by around 11% in 2020. This would even exceed our assumed 
road transport reduction target of 10.5% in presence of a 30% economy-wide EU abatement
target. This result may be overly optimistic for four reasons

1. The extrapolation is linear in annual improvement of fuel economy. However, car 
manufacturers may choose, according to current regulation, to back-off 
investments till the 2015 or 2020 deadlines respectively. 

2. Car renewal rate is estimated to be around 10%. In recession times, the car 
renewal rate could be lower. However, total transport volumes would also drop. 

3. Rebound effects are omitted here. They can be regarded to be part of the overall 
uncertaintyin growth of travel demand.

3. The environmental effectiveness of the Fuel Quality Directive COM-2007-18 is 
not guaranteed due to the current accounting procedures that does not foresee 
detailed life cycle analysis including indirect land use emissions.
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However, even if these caveats reduce overall GHG reduction, current EU regulation 
seem to guarantee that at least the 7% reduction target (below 2005 levels by 2020) is achieved 
even without carbon pricing. 

II.2 United States

The United States has similarly ambitious targets for fuel economy in relative terms, i.e. 
taken the currently more inefficient vehicle fleet into account. Including extra measures such as 
improved air conditioning, tire pressure and biofuels, the revised CAFÉ standard foresees the 
average fuel efficiency of newly sold vehicles to increase from 221 gCO2/km in 2005 to 155 
gCO2/km in 2020. For the calculation it is assumed that mandated fuel economy remains 
constant from 2016 to 2020. With a fleet renewal rate of 10%, and average fuel economy of 245 
gCO2/km in 2005, the average fuel economy in 2020 in the US is then projected to be 186 
gCO2/km, corresponding to a total improvement of 24% relative to 2005. At the same time, US 
vehicle miles travelled are expected to increase by 27% (EIA 2008). Given this projected 
development and policies, and omitting rebound effects, overall GHG emission reduction by 
2020 in road transport is 3% relative to 2005. 
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Chapter 6

Synthesis and Outlook

The starting point for this thesis was the hypothesis that emission trading systems may

become an essential element of the international climate policy regime. This chapter

synthesizes the findings from the four core chapters and summarizes their contribution to

answering the research questions formulated in the introduction. An outlook on future

research concludes.

6.1 Options for an international emission trading regime

The first set of research questions concerns the architecture of a future international emis-

sion trading regime:

• What are the major institutional options for creating an international carbon market?

• What are their relative strengths and weaknesses in terms of environmental effective-

ness, cost effectiveness, and political feasibility?

Chapter 2 identifies five distinct international carbon market configurations ranging from

centralized top-down to rather decentralized bottom-up approaches. First, a global cap-

and-trade system comprising all countries and sectors could be implemented in a top-

down decision-making process, resulting in a system where governments trade emission

entitlements among each other. Second, the Kyoto trading architecture may remain in

place for additional commitment periods, setting an absolute limit on emissions for only

a certain group of countries while others may engage in trading without adopting binding

emission caps. Countries could gradually join the commitment regime or enhance their

commitments over time. Third, regions that set up domestic cap-and-trade systems at

the level of companies may link these systems to create a common compliance market

with a single allowance price. Fourth, if regions with domestic cap-and-trade systems

accept permits from the same baseline-and-crediting mechanisms - such as the Clean

Development Mechanism - for compliance, this creates an indirect link between them

that will induce allowance price convergence. Finally, fragmented markets prevail if there

are several cap-and-trade systems emerging bottom-up that do not engage in any policy

coordination such as direct or indirect linking.

133



134 Chapter 6 Synthesis and Outlook

The analysis of the choice between top-down and bottom-up architectures revealed a

trade-off between environmental effectiveness and political feasibility. The basic rea-

son is that at least initially the top-down global trading regime and the Kyoto approach

promise to cover a larger fraction of global emissions, thus enabling more significant

global emission cuts and providing better protection against carbon leakage. But while a

high participation rate is beneficial from the global environmental point of view, it compli-

cates political coordination in several respects. Most importantly, global emission trading

based on absolute emission limits requires agreement on the allocation of regional al-

lowance budgets, i.e. distribution of valuable emission allowances. Related to this, any

global emission trading regime with substantial emission coverage requires resolving the

fundamental collective action challenge of international climate policy, i.e. how much are

individual countries willing to contribute in terms of financing emission reductions. In

addition, in resemblance to international central bank coordination, an integrated multi-

lateral emission trading regime requires close coordination and agreement over regulation

of the joint carbon market as most unilateral regulatory decisions will impact other mar-

ket participants. This increases political transaction costs of top-down approaches. Even

with formal and indirect linking of domestic trading systems regulatory decisions in one

region will spill-over to the connected systems, giving rise to desirability of regulatory

coordination in decentralized approaches as well.

The picture is less clear-cut regarding cost effectiveness. Top-down regimes theoretically

allow for complete harmonization of the allowance price, as does the formal linking of do-

mestic systems. Allowance price convergence from indirect linking was shown to depend

on various techno-economic and political parameters such as volume of low cost credit

supply, and import restrictions on credits. Fragmented markets will not lead to allowance

price harmonization.

But top-down regimes entailing government-level emission trading exhibit several weak-

nesses with regard to cost effectiveness: First, it is not guaranteed that governments will

act as cost minimizers that optimize the international trading positions of their countries.

It is also uncertain if such a government-managed market would be liquid, transparent

and efficient. In addition, governments need to translate the international allowance price

to their domestic emitters (and vice versa) by deploying appropriate policy instruments.

A wedge between the international permit price and marginal abatement costs facing do-

mestic companies - e.g. if domestic policies are not regularly updated - will reduce cost

effectiveness. Finally, due to the presence of a few very large emitting countries (e.g.

United States, China) market distortions may result from oligopolistic behavior. There-

fore, formal linking of company-level trading systems promises superior cost effective-

ness. Indirect linking can achieve much if not all of the efficiency gains from formal

linking of trading depending on the degree of allowance price convergence.

While it proved useful to specify ’ideal type’ scenarios to carve out key differences be-

tween plausible international carbon market configurations, it is clear that the elements of

these approaches may be combined. For example, government level trading systems can

be linked indirectly with company-level trading system through crediting mechanisms.

This is already the case today, insofar as the CDM links the Kyoto and EU ETS trad-

ing systems. The approaches may also be combined to complement each other and har-

ness their respective strengths. For example, a top-down regime such as a Second Kyoto

Commitment period may be agreed by cooperating governments that eventually deploy
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domestic trading systems. Linking these company-level systems enables devolving the

international trading activity from government to company-level to enhance efficiency.

This approach is currently adopted by EU member countries. Cross-country trading of

EU ETS allowances is mirrored by transfers of Kyoto allowances in member states’ emis-

sion registries.

To sum up, if ambitious climate policy objectives such as the 2◦C stabilization target

enshrined in the Copenhagen Accord require swift emission reductions, top-down archi-

tectures appear quasi indispensable since bottom-up approaches can be expected to take

time to achieve substantial coverage of global emissions. Moreover, the major weakness

of top-down approaches - low political feasibility due to the need to resolve the burden-

sharing and free-rider issue - can be understood as a strength, as this approach enables

tackling the inevitable distributional challenges head-on. Still, particularly in view of the

process and outcome of the Copenhagen climate conference in 2009, it remains highly

questionable if the top-down approach to setting up an international emission trading

regime is politically viable at least in the short-term.

On the other hand, bottom-up approaches to devising an international emission trading

regime are constantly challenged by the question of whether emission reductions in this

context can have a significant environmental impact at all. However, these policy ap-

proaches may better suit the current state of politics and bring about not the ideal, but at

least the politically feasible.

An essential requirement of bottom-up linking approaches is deployment of regional trad-

ing cap-and-trade systems in the first place. After failure of US cap-and-trade system im-

plementation in 2009 and 2010 due to political opposition in the US Senate, and in view

of the fierce political debates in other countries and regions such as Australia, Japan, and

California, the prospect for route of international policy coordination remains subject to

heavy uncertainty. In any case, the EU vision of creating a system of linked OECD cap-

and-trade systems by 2015 now appears infeasible for mere practical reasons (see also

Tuerk et al. 2010). If other OECD countries would implement domestic cap-and-trade

systems within the next years, indirect linking with the EU ETS via credits perhaps from

an enhanced CDM mechanism are most likely to emerge as the first linking mechanism as

this is least demanding in terms of formal policy coordination. If more OECD countries

adopt increasingly stringent cap-and-trade systems over time and major developing coun-

tries scale up their own contribution to global emission abatement, the supply of credits

relative to demand will decrease and formal linking will become a more interesting option

if domestic allowance prices start to diverge.

6.2 Expanding the EU ETS

In view of the significant challenges facing the top-down implementation of an integrated

international emission trading regime, Chapters 3 and 4 of this thesis focus on the bottom-

up option of linking regional cap-and-trade systems. As the EU ETS is the only mean-

ingful greenhouse gas emission trading system in operation worldwide i.e. its design

parameters are well-known, this section adopts an EU perspective on this potential fu-

ture policy option. The second part of this section synthesizes the findings regarding the

inclusion of road transportation into the EU ETS.



136 Chapter 6 Synthesis and Outlook

6.2.1 Linking to other systems

The second set of questions outlines in the introduction concerns the economics and pol-

itics of linking regional emission trading systems:

• What are the major benefits and disadvantages a regional policymaker needs to take

into account when considering a link of the domestic trading system to another car-

bon market?

• What are the impacts of linking sectorally restricted systems in terms of environ-

mental effectiveness, cost effectiveness and welfare when taking into account inter-

national trade in goods?

From the point of view of an EU policymaker interested in implementing strong climate

policies, the major benefits of linking the EU ETS include, first, standard efficiency gains.

While these benefits may not be very significant within the short-term, especially when

systems are already linked indirectly via crediting mechanisms, this aspect can be ex-

pected to become increasingly important over time as emission reduction targets become

increasingly tight and the supply of credits is reduced as major developing countries re-

strict their supply as they adopt more ambitious reduction targets.

Second, the trade-theoretic analysis in Chapter 4 demonstrates that linking a sectorally

restricted cap-and-trade system like the EU ETS to crediting schemes for asymmetric sec-

tors in developing countries - i.e. buildings and transportation - can induce ’anti-leakage’

that reduces global emissions. The reason is that developing country’s crediting sectors

will reduce their emissions below their business-as-usual level to sell credits into the cap-

and-trade system. The cap-and-trade sectors increase their production because of the

lowered allowance prices, leading to a drop in world market prices of these goods. This

leads to a contraction of production in these sectors in the developing country, and lower

global emissions. Further work is needed to qualify the empirical orders of magnitude of

this effect.

Third, drawing on Putnam (1988) it may be argued that quasi-dynamic efficiency gains

result from the enhanced power to commit to a long-term emission reduction schedule

within the multi-level climate governance setting created by international emission trad-

ing. If the cap schedule is subject to an agreement with one or more linked trading sys-

tems, domestic revision is more complicated as it needs to be coordinated with partner

systems. Thus, ’tying ones hands’ by means of an international linking agreement may

enhance policymakers’ credibility vis-à-vis regulated domestic industries opposing the

regulation. Conversely, however, regulated industries may co-ordinate internationally to

lobby in favor of regulatory changes that benefit special interest groups while weakening

the stringency of climate policy.

Fourth, inasmuch as formal linking harmonizes allowance prices and thus levels the ’car-

bon playing field’ between linking partners, connecting the EU ETS to trading systems of

major economies - in particular the United States - will reduce EU industries’ concerns

over international competitiveness disadvantages vis-à-vis these regions. This would en-

hance the political stability of the EU ETS.
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Finally, as the perhaps most important aspect of formally linking the EU ETS in the short

term, if such a project was successful it would signal other regions that multilateral co-

operation on climate change mitigation is feasible. Such an example may inject new

dynamism to the currently sluggish multilateral climate policy efforts. In the language of

game theory, if there are multiple equilibria in international negotiations - and if agree-

ment on more cooperation than achieved at Copenhagen is among these feasible equilibria

- linking trading system might create a new focal point (Schelling 1960, Myerson 2009).

The analysis also reveals a number of potential drawbacks of linking the EU ETS to other

systems. First of all, the finding that emission trading is always beneficial for all linking

partners was shown to be not completely robust against consideration of terms-of-trade

effects in a general equilibrium model with international trade. Depending on a country’s

trade profile, a deterioration of terms-of-trade may reduce domestic welfare more than it

is improved by the always positive primary gains from trade.

A second and related concern is that in presence of suboptimal policies allowance price

changes may intensify such inefficiencies. For example, if some sectors of the econ-

omy are regulated by carbon taxes and standards, and others by a cap-and-trade system,

changes in the allowance price due to linking create an asymmetry between the marginal

costs of abatement across the sectors of the economy. However, this points to the need of

correcting such inefficient policies in the first place - e.g. by including all sectors into the

cap-and-trade system, or implementing flexibility provisions that update sectoral policies

to harmonize the marginal cost of abatement even if policy conditions change - rather than

to avoid linking trading systems in the first place.

Third, a series of potentially adverse or unsatisfactory distributional impacts need to be

considered. In a standard climate game with endogenous allowance choice linking in-

troduces an incentive for low-damage countries to relax their caps in order to sell more

credits to countries with a higher willingness to pay for emission reductions (high-damage

countries), which intensify their emission abatement efforts (Helm 2003). From the point

of view of the European Union this means that it should avoid adoption of more lenient

caps by others after or in anticipation of linking with the EU ETS. Rehdanz and Tol

(2005) discuss policy instruments such as allowance exchange rates to deter such moves

by linking partners. While the adoption of these instruments carries the prospect of con-

flict within emission trading coalitions, it may nevertheless be necessary and beneficial

for the European Union to consider their implementation.

As another distributional aspect, the magnitude of the gains from trade will differ among

linking partners, depending on abatement cost structures and abatement targets. It is easy

to show that in a partial market analysis the EU with its relatively steep abatement cost

curve can be expected to profit more from linking than most linking partners with flatter

marginal abatement cost curves. Thus, this appears not to be a major concern from the

European point of view.

Fifth, if linking works toward reducing the EU allowance price, this will reduce the

amount of abatement within the EU and thus potential co-benefits that are not internal-

ized in the allowance price. Co-benefits of abatement can relate to gains from low-carbon

technology leadership, cleaner air, reduced energy imports, or the stimulus effect asso-

ciated with abatement investments. Losing some of these co-benefits might reduce the

enthusiasm for linking the EU ETS.
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Also, linking to other trading systems increases the disadvantageous exposure to their

market shocks. At the same time, however, this also dampens the magnitude of domestic

market shocks. In this respect, linking acts like an insurance against domestic market

volatility. Thus, this aspect is only detrimental if the other system is more prone to mar-

ket shocks than the EU ETS, which may be one reason for observing another system’s

performance for a certain period of time prior to linking up.

A recent model comparison project illustrated the strong uncertainties regarding future al-

lowance prices across different types of models even for identical climate policy scenarios

(Edenhofer et al. 2009). Insofar as linking entails accepting a burden sharing mechanism

via differentiated allocation of emission allowances (caps) between countries, the uncer-

tainty over the allowance price makes if difficult to robustly calculate the burden-sharing

arrangement, making it prone to demands for re-negotiation. This weakness pertains to

any international carbon market architecture.

Finally, linking introduces the need for coordinating regulatory choices in cap-and-trade

systems because they permeate through the common market. Chapter 3 shows that this

can be difficult if countries do not share fundamental policy objectives, in particular the

level of climate policy ambition. Relevant cap-and-trade design choices include all pa-

rameters that impact the allowance price, in particular setting an upper or lower price

for allowances, credit import restrictions, and borrowing provisions. For example, most

proposals for a federal U.S. cap-and-trade foresee some type of upper price limit for the

allowance price. If the EU ETS would link to such a system, it would import this provision

price limit.

It needs to be taken into account that some of these challenges, in particular regulatory

coordination, already arise if trading systems are linked indirectly. With indirect linking,

unilateral regulatory decisions translate to other systems via allowance price changes.

Against this background, a formal link that substitutes an indirect link may provide ad-

vantages in terms of enhancing the prospect for beneficial policy coordination.

While the articles assembled in this thesis identify the major issues involved in linking

regional emission trading systems, a universal conclusion regarding the balance of ben-

efits and disadvantages is not possible as most aspects depend on the specific design of

emission trading systems, their socio-economic profiles, and the resulting magnitude of

the individual effects. If distributional and second best policy issues can be resolved,

however, the fundamental gains-from-allowance trade suggest that at least in the long-

term and in case of ambitious regional climate policies some linking of regional emission

trading schemes, or the continuance of a top-down approach modeled after the Kyoto

Protocol’s First Commitment Period, will be beneficial.

6.2.2 Adding the road transport sector

The last set of research questions concerns the sectoral scope of cap-and-trade systems:

• Should the road transport sector be included to company-level cap-and-trade sys-

tems?

• What is the proper institutional design for road transport inclusion to cap-and-trade

systems?
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• Would adding the road transport sector to the EU ETS induce adverse economic

effects for Europe?

Cap-and-trade inclusion of the road transport sector is contested in Europe. This is due to

doubts over the capacity of market based policies in general and cap-and-trade in particu-

lar to attain policy objectives in this sector, especially compared to the capabilities of the

traditional regulatory policies such as efficiency and emission intensity vehicle standards.

In the review of the sectoral scope of the EU ETS commissioned by the EU Commission

to inform the formal review process of the EU ETS, the inclusion of the road transport

sector on grounds of the high transaction costs of this approach (Ecofys 2006).1 Also,

in the European debate there are significant concerns over rising allowance prices if the

growing road transport sector with its relatively steep abatement cost curve is included to

the EU ETS.

The analysis in Chapter 5 demonstrates that none of these concerns hold in light of basic

economics of emission regulation and the available empirical modeling evidence. Market-

based instruments (trading systems and carbon taxes) have the advantage - relative to tra-

ditional regulation - of harmonizing the marginal cost of abatement across all relevant

actors in the sector, i.e. vehicle manufacturers, fuel producers, and drivers. This enhances

cost effectiveness relative to traditional policies. Also, market-based policies eliminate

rebound effects e.g. from fuel efficiency regulations. Where market failures in addition

to the basic emission externality arise, e.g. regarding incentives for research and develop-

ment, traditional policy instruments can complement market based policies.

Comparing a well-design cap-and-trade system with a well-designed and sufficiently flex-

ible carbon tax reveals that the difference between the instruments is not large, but cap-

and-trade is the more efficient and less administratively less burdensome approach if spe-

cific emission targets ought to be achieved and a cap-and-trade system is already in place

in other sectors of the economy.

Setting the point of regulation of road transport emissions upstream ensures effectiveness,

economic efficiency and low transaction costs in all relevant fuel chains (gasoline, diesel,

electricity, hydrogen, natural gas) except biofuels. The latter exhibit particular challenges

due the difficulty of monitoring emissions from geographically spread biomass produc-

tion, which need to be addressed via second best proxies, such as life-cycle accounting

that is differentiated across different bio-feedstocks.

An analysis of the economic impacts of including the EU road transport sector to the EU

ETS based on marginal abatement cost curves from four models suggests that the EU

2020 climate policy package performs well in terms of cost effectiveness. The analysis

also shows that the EU ETS allowance price will not change when adding road transport

by 2020 for current EU climate policy objectives. This result is quite robust if the overall

EU emission reduction effort is enhanced to 30 percent below year 2005 emissions by

2020. Thus, the concern over adverse competitive impacts for EU ETS industries due to

transport inclusion to the EU ETS is less relevant than often claimed - without resorting

to reliable empirical evidence - in the policy debate. However, if the EU ETS link to

1Ecofys (2006) come to this conclusion by restricting the space of considered policy choices to the

downstream option of including millions of gasoline and diesel consumers. The option of upstream inclu-

sion that is identified as preferable in this thesis and in almost the entire relevant literature was not taken

into account.
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credit systems such as the CDM is terminated, EU allowance prices rise sharply when

integrating road transport in all but one model. This underlines the relevance of linking

trading systems for containing EU ETS allowance prices.

6.3 Outlook and further research

A number of questions arise for future research.

The research presented in this thesis shows that better understanding of the distributional

consequences of international emission trading is of eminent importance, in particular

with respect to the need for a self-enforcing climate policy regime. Since stakeholders

are interested in the final distributional outcome of an international policy it is essential to

focus not only on the allocation of regional emission endowments, but on the interplay of

emission budget allocation and countries’ abatement cost structures that determine aggre-

gate economic outcomes. Modeling exercises involving Integrated Assessment Models

and other approaches e.g. based on marginal abatement cost curves are rquired to system-

atically improve the understanding of the distributional impacts of different international

emission trading configurations. Better understanding of the uncertainties and complex-

ities e.g. in how to deal with differences in projected allowance prices across different

models is essential for the prospect of policy deployment. Without conceptual and nu-

merical clarity on the distributional impacts of international emission trading policymak-

ers will remain reluctant to rely on this approach, in particular in view of the potentially

large economic stakes.

Against this background another task is combining the game theoretic perspective of the

theory of international environmental agreement with political debates of fairness and

justice in defining regional allowance budgets or caps. Are there some inevitable trade-

offs between these different realms of the international debate, or can the two perspectives

complement each other?

Given the incentives for free-riding even in presence of an agreement on an integrated

international emission trading regime, credible compliance mechanisms for deterring op-

portunistic behavior require further investigation. Provisions that appear particularly rel-

evant include exchange rates for allowances and credits, and positive and negative sanc-

tions in other policy areas such as free trade.

Reforming the CDM and setting up enhanced crediting mechanisms that operate on the

scale of entire sectors in developing countries - in particular large emitters such as China

- is a primordial task if international emission trading is to become a central pillar of

the international mitigation effort. The design of such mechanisms, in particular speci-

fication and numerical assessment of crediting baselines which determines distributional

outcomes, institutional and organizational design to ensure robust performance, and the

role of these approaches within the broader Nationally Appropriate Mitigation Actions

(NAMAs) in developing countries is another important field for further research.

Reducing emissions from deforestation and forest degradation (REDD) is an important

option for climate policy (Edenhofer et al. 2008, 2010). Whether REDD should be incen-

tivized via emission trading or fund-based approaches, or a combination of both, remains

an open issue. Conceptual analyses of the respective merits of these approaches as well as
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regional demonstration projects are required to prepare the future deployment of effective

mechanisms.

In terms of international carbon market governance, models for effective coordination of

regulation both in top-down and bottom-up regimes require further exploration. Such re-

search should build on the experience gained in the Kyoto Protocols’ first trading period,

the EU ETS, and the International Carbon Action Partnership (ICAP). ICAP is a global

forum where federal and sub-national government bodies engage in coordinative efforts

to prepare future linkages of cap-and-trade systems. Particular relevant issues concern

the reliability of monitoring, reporting and verification (MRV) systems to ensure the ac-

curacy of emission data, conflict resolution mechanisms, sanctioning mechanisms, and

provisions to exclude fraud as recently experienced in the EU ETS (ICAP 2010; Flachs-

land et al. 2008).

Whether or not all sectors of the economy, in particular transport and buildings, should be

integrated to cap-and-trade system remains an important issue for research. Challenging

questions arise regarding the identification of market failures and devising an appropri-

ate mix of complementary policy instruments. Further modeling analyses extending the

initial work in this thesis are required to improve the robustness of the results, especially

with regard to the marginal abatement cost curve of EU ETS sectors, and explicit analysis

of the interaction of the cap-and-trade system with other policy instruments such as ve-

hicle emission intensity standards. Another important aspect is the political economy of

sectoral climate policy expansion and instrument choice in terms of distributional impacts

on key actors such as fuel producers, verhicle producers, government, and vehicle owners,

to better understand the political impediments to this policy approach.

Also, if cap-and-trade is to be deployed in developing countries, clarifying whether the in-

stitutional and organizational capacity requirements can be met in these countries requires

more research. Such assessments should build on the experiences gained in applying this

mechanism in OECD countries, in particular the EU ETS. This research should also be

based on comparisons to other regulatory choices such as carbon taxation, to illustrate

key issues and identify preferable policy options. Transaction cost theory promises to be

an appropriate conceptual framework for such analyses.

Whether or not international emission trading will play a significant role in the future

remains an open question. Comparative analysis of alternative policies that are based on

bi- or multilateral financial transfer schemes or technology cooperation is thus another

important direction for future research on international climate policy regimes.
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