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Foreword

Despite the intentions expressed at the UN climate summits before, at, and after

Copenhagen, the world is still waiting for a globally acceptable climate agreement.

As a result, present climate policy is characterized by a bottom-up structure

consisting of voluntary pledges. This will continue to be true at least until 2020,

now the earliest point in time at which a new climate agreement may become

effective. Within the current setting, most countries that do pursue climate policy

are experiencing a twofold development. While territorial greenhouse gas emis-

sions show signs of declining, consumption-based emissions continue to increase,

i.e., “dirty” production is simply being outsourced, and consumption and invest-

ment structures remain focused on greenhouse-gas-intensive goods. The inability to

reduce global emissions is clearly evident, as is the inability to effectively address

the main objective of any climate mitigation policy, i.e., the reduction of global

greenhouse gas concentrations.

In this volume, Christian Lininger provides a very lucid analysis of the potential

offered by a shift to consumption-based approaches in the field of climate policy.

Written in a language that is at one and the same time scientific, accessible, and fun

to read—the latter characteristic no doubt being a reflection of his three decades in

journalism—he provides several avenues for raising our understanding of the

relevant economic channels. Most importantly, in doing so he opens the box for

all—it is not at all necessary to have expertise in his field of economics to follow his

analysis.

Christian Lininger is also able to show why simply changing either climate

targets or policy instruments to a more consumption-based accounting system will

not suffice, irrespective of whether we address the issues from an environmental,

economic, or social justice point of view. He then adopts a more positive stance and

identifies which additional aspects of climate policy have to be taken care of in

order to ensure greater effectiveness and increased social justice.
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As an anonymous reviewer of this book put it:

I found the text of this manuscript highly readable and informative. I am not an
economist and on first glance thought I would be lost in economic theory. However I
did not get lost. A third of the manuscript deals with a literature review on the
economic, political and legal background to climate policy and includes an excel-
lent summary of the political hurdles. I do not know of a better summary of the
variety of approaches to pricing carbon and what these are likely to achieve.

Part III is insightful and objective on an implementation of consumption-based
policy approach. I found the results sometimes surprising and I liked the way the
author took the reader through the notion of justice in approaching international
climate policy. Chapter 10 was an excellent summary of proposals and their likely
outcome.

Overall I think this could be a highly successful book, and may even have an
impact on some governments.

Graz, Austria Karl W. Steininger

vi Foreword

http://dx.doi.org/10.1007/978-3-319-15991-1_10


Acknowledgments

This book is based on my doctoral thesis. It was written during my time as an

economist at the Wegener Center for Climate and Global Change of the University

of Graz. Research on the subject of this book has benefited from the lively academic

environment at the Wegner Center and from numerous discussions with Karl

W. Steininger, the head of the Wegener Center’s EconClim Research Group. It

was Karl who first suggested taking a deeper look into consumption-based

approaches to climate policy—a field that turned out to be an extremely rewarding

subject for economic study. I am deeply indebted to him for always supporting my

research and offering numerous valuable suggestions. Very special thanks also go

to Karl Farmer of the Department of Economics of the University of Graz, who

guided me through the difficulties of developing the analytical model used in this

study. Most of the research for this book was performed as part of the project

“RESPONSE,” which was financed by the Austrian Climate Research Programme

ACRP of the Austrian Climate and Energy Fund. The ideas and contributions of the

group within the “RESPONSE” team focusing on consumption-based climate

policies—Karl W. Steininger, Susanne Droege, Lukas Meyer, Dominic Roser,

and Luke Tomlinson—were all of great help for my own research, as were the

extensive discussions with all the other members of the “RESPONSE” team: Birgit

Bednar-Friedl, Barbara Buchner, Thomas Schinko, Andreas Tuerk, and Alexa

Zellentin. Finally, my English writing was corrected by James Roderick

O’Donovan. Completing this book would not have been possible without the help

of all these people. Any remaining errors are mine alone.

vii



ThiS is a FM Blank Page



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Production-Based vs. Consumption-Based Policy

Orientation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Consumption-Based Approaches and Policy Effectiveness . . . . 3

1.3 Two Strands of Literature and a Controversial Political

Debate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.4 Methodology, Structure, and Research Objectives . . . . . . . . . . 9

1.4.1 A Common Perspective on Hitherto Separate

Literature Strands . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.4.2 Theoretical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.4.3 Policy Design and the Practicability of

Consumption-Based Policies . . . . . . . . . . . . . . . . . . . . 12

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Part I The Economic, Political, and Legal Background

2 Consumption as a Base for Emission Accounting and as

a Policy Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.1 Production- and Consumption-Based Emission Inventories . . . . 18

2.1.1 Emission Accounting Concepts . . . . . . . . . . . . . . . . . . 18

2.1.2 Determining a Country’s Consumption-Based

Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2 Consumption-Based Emissions as a Policy Base . . . . . . . . . . . . 23

2.2.1 Target Base vs. Tax Base . . . . . . . . . . . . . . . . . . . . . . 23

2.2.2 The Tax Base: Production vs. Consumption . . . . . . . . . 25

2.2.3 Implementing a Consumption-Based Policy . . . . . . . . . 26

2.3 Evaluating Different Policy Variants . . . . . . . . . . . . . . . . . . . . 29

2.3.1 Criteria to Evaluate a Policy’s Effectiveness . . . . . . . . 29

2.3.2 Carbon Leakage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

2.3.2.1 Policy-Induced Carbon Leakage . . . . . . . . . . 31

2.3.2.2 Consumption-Induced Carbon Leakage . . . . . 33

ix



2.3.3 Criteria to Evaluate the Relative Performance

of Different Regions . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.4 A Simplified Framework for Analysis . . . . . . . . . . . . . . . . . . . 38

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

3 The Political and Legal Background to the Discussion About

Consumption-Based Policies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

3.1 Border Carbon Adjustments: A Politically Controversial Idea . . . 41

3.2 Consumption-Based Policies and World Trade Law . . . . . . . . . 46

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4 Unilateral Climate Policies: The Theoretical Economic

Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.1 Optimal Unilateral Abatement Policies . . . . . . . . . . . . . . . . . . 54

4.2 Analysis of Carbon Leakage and Possible Counter-Measures . . . 56

4.3 Macroeconomic Effects Not Depicted in Simple Models . . . . . . 59

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

5 Quantitative Studies of Carbon Leakage and the Effects of Border

Adjustments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

5.1 Quantitative Estimates of Carbon Leakage . . . . . . . . . . . . . . . . 64

5.1.1 Ex Ante Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

5.1.2 Ex Post Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

5.1.3 Apportioning Overall Leakage: Which Channels Are

Relevant? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

5.1.4 Parameters Driving Leakage . . . . . . . . . . . . . . . . . . . . 68

5.2 The Effects of Border Carbon Adjustments . . . . . . . . . . . . . . . 70

5.2.1 Sectoral Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5.2.2 General Equilibrium Studies . . . . . . . . . . . . . . . . . . . . 74

5.2.2.1 Leakage Channels . . . . . . . . . . . . . . . . . . . . 75

5.2.2.2 Model Structure . . . . . . . . . . . . . . . . . . . . . . 76

5.2.2.3 Import Tariffs vs. Full Carbon Adjustments . . . 77

5.2.2.4 Calculating the Carbon Content . . . . . . . . . . . 78

5.2.2.5 Producer Response . . . . . . . . . . . . . . . . . . . . 81

5.2.3 Cost-Effectiveness . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

5.2.4 International Distribution of the “Burden”

of the Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

5.3 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

6 Literature on Emissions Embodied in Trade . . . . . . . . . . . . . . . . . 91

6.1 Trends in Emission Transfers via International Trade . . . . . . . . 93

6.2 Policy Proposals Focusing on Environmental Effectiveness . . . . 96

6.2.1 Leakage and the Share of Global Emissions Targeted

by Climate Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

6.2.2 Comparative Advantage and Technology Diffusion . . . 99

x Contents



6.3 “Responsibility” for Emissions and the Question of Justice . . . . 101

6.3.1 Definitions and Basic Concepts . . . . . . . . . . . . . . . . . . 102

6.3.2 Attributing “Responsibility for Emissions”: A Literature

Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

6.3.3 Contribution of the Research Project “RESPONSE” . . . 106

6.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

Part II Theoretical Analysis

7 Evaluating a Shift to a Consumption-Based Climate Policy:

Objectives and Analytical Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

7.1 Objectives of the Theoretical Analysis . . . . . . . . . . . . . . . . . . . 118

7.1.1 Analytical Approach . . . . . . . . . . . . . . . . . . . . . . . . . 119

7.1.2 Coalition Size, Parameters, Tax Design:

Which Factors Are Decisive? . . . . . . . . . . . . . . . . . . . 122

7.2 Partial Equilibrium Climate Policy Model . . . . . . . . . . . . . . . . 123

7.2.1 Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

7.2.2 Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

7.2.3 Demand and Goods Market Equilibrium . . . . . . . . . . . 127

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

8 Effects of Policy Transmission via Non-Energy Markets . . . . . . . . 131

8.1 Policy Effects for a Single Sector . . . . . . . . . . . . . . . . . . . . . . 133

8.2 Production-Based Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

8.2.1 Global Emission Reduction and Carbon Leakage . . . . . 136

8.2.2 Effects of a Production-Based Policy

on Competitiveness . . . . . . . . . . . . . . . . . . . . . . . . . . 140

8.3 Consumption-Based Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

8.3.1 Global Emission Reduction and Carbon Leakage . . . . . 141

8.3.2 The Role of Specific Model Assumptions . . . . . . . . . . 142

8.3.3 Effects of a Consumption-Based Policy

on Competitiveness . . . . . . . . . . . . . . . . . . . . . . . . . . 145

8.3.4 Border Tax Design and Producer Response . . . . . . . . . 145

8.4 Policy Evaluation in Terms of Environmental Effectiveness . . . 148

8.4.1 Equal Reduction of Emissions Targeted . . . . . . . . . . . 148

8.4.2 Equal Tax Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

8.5 Switching the Tax Base, But Not the Target Base . . . . . . . . . . . 153

8.6 Policy with Import Tax, but Without Export Rebate . . . . . . . . . 155

8.6.1 Environmental Effectiveness of “Import-Tax-Only”

Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

8.6.2 Impact of an “Import-Tax-Only” Policy on

Competitiveness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

Contents xi



8.7 Climate Policy Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

8.7.1 Policy Evaluation in Terms of Cost-Effectiveness . . . . 160

8.7.2 Welfare Effects of an Emission Tax . . . . . . . . . . . . . . 164

8.7.3 Distributional Impacts of the Different Policy

Variants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

8.7.4 Costs vs. Competitiveness Effects as Measures

of the “Policy Burden” . . . . . . . . . . . . . . . . . . . . . . . . 170

8.8 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171

Appendix 1: Relationships Between the Price Elasticities

of Demand of the Representative Consumers of the Model . . . . . . . . . 176

Appendix 2: Relationships Between Elasticities Following

from the Cournot Aggregation Condition . . . . . . . . . . . . . . . . . . . . . . 178

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179

9 Policy Transmission Through Energy Markets, Income Effects, and

Technological Spillovers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

9.1 Policy Transmission via Energy Markets . . . . . . . . . . . . . . . . . 182

9.1.1 The Transmission Mechanism . . . . . . . . . . . . . . . . . . 182

9.1.2 Energy Market Effects and Global Emission

Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185

9.1.3 Comparing the Policy Variants in Terms of

Environmental Effectiveness . . . . . . . . . . . . . . . . . . . 186

9.1.4 Practical Implications of the Impact of the Fuel Market

on Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

9.1.5 Climate Policy Costs . . . . . . . . . . . . . . . . . . . . . . . . . 191

9.2 Abatement via Income Effects and Its Distributional

Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192

9.2.1 Distributional Effects of Climate Policy . . . . . . . . . . . 193

9.2.2 The Income Channel of Policy Transmission . . . . . . . . 197

9.3 Policy Transmission Through Technological Spillovers . . . . . . 197

9.4 Limitations to an Analysis Relying on Simplified Models . . . . . 198

9.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

Part III Implementing Consumption-Based Policy Approaches

10 Design Options for Consumption-Based Policy Approaches:

A Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

10.1 Making Border Carbon Adjustments Politically Acceptable . . . 206

10.1.1 Objectives of Border Adjustments and

Their Legitimacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

10.1.2 Border Carbon Adjustments as a Win-Win Scenario? . . . 209

10.1.3 Export Taxes: A Feasible Alternative to

Import Tariffs? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

xii Contents



10.1.4 Compensating Developing Countries for Income

Losses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212

10.1.5 A Multilateral Approach to the Introduction of Border

Adjustments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

10.2 Border Adjustment Design Proposals . . . . . . . . . . . . . . . . . . . . 216

10.2.1 The Proposal of Ismer and Neuhoff . . . . . . . . . . . . . . . 217

10.2.2 The Proposal of Monjon and Quirion . . . . . . . . . . . . . 218

10.2.3 The Proposal of Cosbey et al. . . . . . . . . . . . . . . . . . . . 220

10.2.4 The Proposal of Gros et al. . . . . . . . . . . . . . . . . . . . . . 223

10.2.5 Relying on Benchmarks and Taxing Only Basic

Commodities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225

11 Consumption-Based Climate Policy in Practice: Abatement

Potentials Difficult to Exploit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

11.1 Criteria for Assessing Policy Variants . . . . . . . . . . . . . . . . . . . 228

11.2 Conditions Favoring the Effectiveness of Consumption-Based

Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229

11.3 Designing an Effective and Just Consumption-Based Policy . . . 230

11.3.1 The Use of Tax Revenues . . . . . . . . . . . . . . . . . . . . . . 230

11.3.2 Technology Transfer . . . . . . . . . . . . . . . . . . . . . . . . . 232

11.3.3 No Export Rebate? . . . . . . . . . . . . . . . . . . . . . . . . . . . 232

11.3.4 Incentives to “Green” Production . . . . . . . . . . . . . . . . 234

11.4 Policy Implementation in the Short Run: Border Adjustments . . 234

11.5 Policy Implementation in the Long Run: Carbon-Added

Scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240

11.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242

12 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243

Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

Contents xiii



ThiS is a FM Blank Page



Abbreviations

Annex I Parties Countries that committed to emissions reduction under the

UNFCCC

Annex B Parties Countries that committed to emissions reduction under the

Kyoto Protocol

BAT Best available technology

BCA Border carbon adjustment

BEET Balance of emissions embodied in trade

CBDR Common but differentiated responsibility (a UNFCCC

principle)

CDM Clean Development Mechanism (of the Kyoto Protocol)

CE marking “Communauté Européenne” marking—indicates a product’s
compliance with EU legislation

CES Constant elasticity of substitution

CGE Computable general equilibrium

CO2 Carbon dioxide

COP Conference of the Parties to the UNFCCC

EEE Emissions embodied in exports

EEI Emissions embodied in imports

EET Emissions embodied in trade

EMF Energy Modeling Forum

ETS Emissions Trading System (of the EU)

GATT General Agreement on Tariffs and Trade

GDP Gross domestic product

GE General equilibrium

GHG Greenhouse gas

Gt Gigatonne

IPCC Intergovernmental Panel on Climate Change

ISO International Organization for Standardization

LDC Least developed country

LIC Low-income country

xv



MAC Marginal abatement costs

MFN Most favored nation treatment (a WTO principle)

NAFTA North American Free Trade Agreement

OECD Organization for Economic Co-operation and Development

PE Partial equilibrium

SCM Agreement on Subsidies and Countervailing Measures

UN United Nations

UNEP United Nations Environment Programme

UNFCCC United Nations Framework Convention on Climate Change

VAT Value-added tax

WBGU Wissenschaftlicher Beirat der Bundesregierung – Globale

Umweltveränderungen (German Advisory Council on Global

Change)

WTO World Trade Organization

xvi Abbreviations



Chapter 1

Introduction

Abstract This study analyses the potentials and consequences of a change from

the current system of a production-based policy orientation in international climate

policy to one that is consumption-based. Such a change has been suggested by some

authors as a way to improve the global effectiveness of unilateral climate policies

followed by industrialized countries. The central research question of this study is

whether this indeed is the case. In this introductory chapter, four arguments for

adopting consumption-based policies are introduced: such policies currently

include a larger share of global emissions; they bring the export sector of emerging

economies, which often still offers opportunities for comparatively cheap abate-

ment, into the scope of the policy; they may reduce carbon leakage; and they may

help to overcome political opposition to an ambitious climate policy. Then the

methodology, structure, and the research objectives of the study are laid out: The

first part of the study reviews the economic, legal, and political background and the

often contradictory findings on consumption-based approaches in the current liter-

ature. The second part investigates—with the help of an analytical model—the

effects of different policy variants on environmental effectiveness, cost-

effectiveness, carbon leakage, competitiveness and the global distribution of

income. The third part attempts to answer the question whether consumption-

based approaches are a concept that only works in the idealized setting of stylized

analytical models, or whether such policies could prove useful also under “real-

world” circumstances. Several criteria and options for practical policy design are

discussed.

While the need to swiftly and effectively address climate change is becoming ever

more urgent, international climate policy is still characterized by a lack of a

worldwide coordinated emissions abatement strategy. In 2009 the Copenhagen

Climate Conference failed to agree on a binding international climate treaty. The

subsequent UN Climate Conference in Durban in December 2011 once again

formulated the objective of working out an international agreement, but that

treaty—if, indeed, it is ever signed—is not likely to come into force before 2020.

Thus, at least in the short to medium term, global climate policy will be character-

ized not by a top-down approach, but by what is termed bottom-up or hybrid

climate architectures, i.e. unilateral actions and voluntary coalitions between cer-

tain countries. To date, such unilateral measures—and also the pledges of

© Springer International Publishing Switzerland 2015

C. Lininger, Consumption-Based Approaches in International Climate Policy,
Springer Climate, DOI 10.1007/978-3-319-15991-1_1

1



individual countries to take further abatement actions in the future—do not add up

to what would be required in order to avoid overshooting the internationally agreed

2� global warming threshold: the United Nations Environment Programme (UNEP

2013) estimates that the implementation of current pledges would imply a global

temperature increase of 3–4 �C by the end of the century compared to the

preindustrial period; and the recently completed first volume of the Fifth Assess-

ment Report of the IPCC (2013) predicts a mean temperature increase by the end of

the century of about 2.4 �C, even for the second-most optimistic of four greenhouse

gas (GHG) concentration scenarios studied.

Thus the current situation is characterized by an urgent need to step up action

against climate change, but the constraint that, realistically, in the short run such

action will only be possible through unilateral initiatives. The challenge therefore is

inter alia to increase the effectiveness of unilateral approaches to climate policy.

One way to possibly accomplish that goal suggested in the academic literature is a

change from the current system of production-based policy orientation to one that is

consumption-based. Instead of targeting the emissions discharged on the territory of

the country that abates, such a policy focuses on the emissions embodied in the

goods the country consumes. If industrialized countries adopted this approach, they

could bring the large and increasing amount of emissions embodied in imports from

emerging economies into the scope of the policy. This, it has been suggested, might

improve the efficiency, cost-effectiveness, and environmental effectiveness of the

policy, and might also reduce carbon leakage.

This study will review the literature on consumption-oriented climate policy

approaches (and policy approaches that are at least in part consumption-oriented).

Employing an analytical model, it will then examine to what extent such

approaches can indeed enhance the effectiveness of unilateral abatement policies

and the consequences they may have for other criteria important in practical policy

formulation such as the global distribution of the cost of the policy or its effect on

the competitiveness of individual countries. Finally, drawing on the results of the

literature review and the model-based analysis, this study will discuss the question

how consumption-based policies could be designed in practice and whether there

exist design options that help to realize the possible advantages of consumption-

based approaches, while minimizing their possible disadvantages.

1.1 Production-Based vs. Consumption-Based Policy

Orientation

Currently, the climate policy of virtually all countries is applied to the emissions

directly discharged on their territory. For emissions set free in the production of

goods and services, this means recording the emissions at the point of production of

these goods, irrespective of where and by whom the goods are later consumed.

Emissions recorded according to this principle are therefore often referred to as a
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country’s “production-based emissions inventory” (e.g. Peters and Hertwich

2008a). Territorial or production-based emissions1 accounting is also the GHG

accounting principle employed by the UNFCCC (1998a, b) in the Kyoto Protocol.

However, it is not the only conceivable accounting principle: Alternatively, emis-

sions could be recorded at the point where goods and services are consumed. All

emissions that occur in any location worldwide in the course of the production of

these goods would then be attributed to this consumption. This is termed “con-

sumption-based accounting”, and the emissions base thus determined can also be

used as base for unilateral climate policy: for example, a tax could be levied on the

emissions “embodied” in every good sold for consumption.

Note that for the world as a whole both emissions measures—the production-

based and the consumption-based one—are equal: They record exactly the same

emissions, they just do this at different points. For an individual country, however,

the two measures typically diverge. This is due to the fact that emissions embodied

in imports are “brought into” the country. When the imported goods are consumed

in that country, these emissions will be recorded as part of the country’s
consumption-based emissions inventory, but—as these goods were produced in a

different part of the world—they are not counted as part of the country’s
production-based emissions inventory. The opposite holds true for goods exported:

the emissions set free in their production are recorded in the exporting country’s
production-based emissions inventory but not in its consumption-based one. Thus,

the difference between a policy that uses production and one that uses consumption

as its base is that the former policy targets the country’s exports, while the latter

targets the country’s imports. Both policies, of course, also include the country’s
domestic production for domestic consumption within their bases.

1.2 Consumption-Based Approaches and Policy

Effectiveness

There are a number of different motivations for advocating the adoption of

consumption-based emissions abatement policies—this study will, however, ana-

lyze only one of these motivations in greater detail: the argument that a

consumption-oriented policy, pursued by a coalition of industrialized countries

(e.g. by the EU or by a broader coalition of, say, all OECD countries), is potentially

more effective than the current production-based approach. Various indicators for

the effectiveness of a climate policy will be used, for example cost-effectiveness,

environmental effectiveness, or carbon leakage. In the academic literature on

unilateral climate policy, different reasons are given (or in some cases at least

1 For an explanation of the difference between the terms “territorial” and “production-based”

emissions accounting see Footnote 2 of Chap. 2.
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suggested) why a consumption-based approach—according to one of these indica-

tors—should indeed be more effective:

– With current worldwide production and trade patterns, a consumption-based
policy by industrialized countries includes a larger share of global emissions
than a production-based policy. This result is mainly due to the far higher

carbon-intensity of the exports of emerging economies compared to the exports

of most industrialized countries (e.g. Davis and Caldeira 2010). Peters and

Hertwich (2008b, 57) argue that one of the advantages of a consumption-based

approach in such a situation is that the “emission commitments for developing

countries are not as important” in achieving a global emissions reduction goal.

While Peters and Hertwich do not discuss it in these terms, one can use this

argument also to draw conclusions on the cost-effectiveness of a consumption-

based policy: if, as it is usually assumed, marginal abatement costs rise with the

quantity of emissions abated, then to reach a given absolute abatement target it is

cheaper to abate a smaller percentage from a larger emissions base then to abate

a larger percentage from a smaller emissions base. Therefore, enlarging the

emissions base by switching to a consumption-based approach may increase

the cost-effectiveness of the policy (Steininger et al. 2014). Furthermore, within

the last two decades, for industrialized countries the gap between production-

and consumption-based emissions has rapidly grown wider (e.g. Peters

et al. 2011)—thus the weight of this argument is constantly increasing.

– Global cost-effectiveness also requires that emissions be abated in those coun-

tries where this can be done most cheaply (Weyant and Hill 1999). This is

sometimes termed “where-flexibility”. Obviously, marginal abatement costs are

high in countries that have already partly decarbonized their economy (like

many industrialized countries), but are effectively zero in countries without a

climate policy—like some developing and emerging economies. Thus abate-

ment in developing and emerging economies should be more cost-effective

(Barrett 1998; Stern 2007). Here, this well-known argument will be taken one

step further: even if developing countries do not follow a climate policy them-

selves, industrialized countries might still be able to exploit some of these low-

cost abatement opportunities. By pursuing a consumption-based policy they can

bring the export sector of developing and emerging economies into the scope of
the policy. According to this line of reasoning, overall costs for a consumption-

based policy will be lower than those for a policy that is production-based

(Steininger et al. 2014).

– The introduction of a production-based policy raises the costs and thus the prices

of goods produced in abating countries. Consumers (demanding final products)

and producers (demanding intermediate products) thus have an incentive to

substitute goods from non-abating countries (that are now relatively cheaper)

for the more expensive goods that are subject to the policy. Thus, production

and, as a consequence, emissions in non-abating countries will rise and in this

way counteract the reduction of emissions in abating countries. This effect is

known as carbon leakage (more exactly, carbon leakage through the
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“competitiveness channel”): instead of being reduced on a global level, emis-

sions are just shifted across borders (to non-abating countries). The greater such

carbon leakage, the smaller the reduction in global emissions achieved by the

abatement policy, i.e. the smaller its environmental effectiveness. If, on the other

hand, through the introduction of a consumption based-policy, imports of abat-

ing countries are also subject to the policy (and their prices thus also raised),

while exports from abating countries are exempted from the policy, then such

leakage effects will be avoided. A consumption-based policy may therefore be

environmentally more effective. This is probably the best-known argument in

support of consumption-based policy approaches, suggested in numerous studies

(e.g. Peters and Hertwich 2008b).

– A related argument can be made as regards the effects of a climate policy on

competitiveness: the cost increase caused by the abatement policy also lowers

the competitiveness of industry in abating countries. Firms in abating countries

are therefore typically opposed to stringent unilateral abatement measures, and

their resistance may make it politically impossible for governments to commit

themselves to such measures. If, however, the competitiveness of domestic

industry could be protected, this would allow countries to unilaterally pursue a

more ambitious climate policy. One way to protect industry’s competitiveness is

a switch to a consumption-based policy—this would, as is often argued, “level

the playing field between domestic and foreign producers.” Noted that this

argument is not about protecting domestic industry as an end in itself, but

about overcoming political opposition to an ambitious climate policy (Grubb

2011; Cosbey et al. 2012).

These four arguments may appear convincing at first sight—still, as will become

clear in the course of this study, they are valid only under certain assumptions and in

certain circumstances. Thus, it is far from clear how useful they are for developing

climate policies that work in a real-world setting, i.e. whether it is indeed possible to

improve the effectiveness of the existing global climate policy framework by

switching the accounting base. Most of this study will be devoted to a detailed

analysis of this question.

Various authors have, however, suggested that, instead of attempting to formu-

late climate policies within the current global policy framework, this framework

should be completely reformed. For example, the German Advisory Council on

Global Change (WBGU) has proposed an alternative way to allocate abatement

obligations between individual countries. Instead of agreeing on percentage emis-

sions reductions relative to the status-quo or to some reference scenario, the

Advisory Council suggests proceeding as follows: in a first step it would be

necessary to establish the “GHG disposal space” in the atmosphere that would

remain if the global temperature increase were limited to 2�. In a second step, this

disposal space would then be distributed in the form of “emissions budgets” among

individual countries (WBGU 2009). As Droege (2011) remarks, the debate on an

equitable division of these emission rights is related to the question of consumption-

based policy approaches. The proposed “emission budgets” could refer either to
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production-based, or alternatively to consumption-based emissions. Thus, if indeed

a switch to a new system for the allocation of abatement obligations is considered,

then the choice between a production- and a consumption-based system should be

based on a clear understanding of the different consequences of these two systems.

The debate on such a reform therefore provides additional impetus for studying the

effects of consumption-based policies.

1.3 Two Strands of Literature and a Controversial

Political Debate

In recent years, a switch to a consumption-based policy orientation has been

explicitly or implicitly discussed by two lines of the economic literature. These

discussions have revolved not only around policy-effectiveness arguments (listed in

the previous section), but also around a number of other criteria deemed important:

In one of the two literature strands, the literature on emissions embodied in trade,
many authors argue that it is “fairer” to make countries partly or wholly responsible

for the emissions triggered by their domestic consumption, rather than just their

production-based emissions (Kondo et al. 1998; Munksgaard and Pedersen 2001;

Ferng 2003; Bastianoni et al. 2004; Peters and Hertwich 2006; Lenzen et al. 2007).

A second core field of research of this strand of literature is emissions “transfers”

between countries by means of international trade. Virtually all studies on this

subject reveal a common characteristic: emissions embodied in goods are exported

mainly from emerging economies to consumers in developed countries, and these

inter-country carbon flows are rapidly growing over time (e.g. Davis and Caldeira

2010; Peters et al. 2011). In terms of its impact on the environment, this develop-

ment is seen as worrying, as increasing amounts of the goods consumed in countries

with binding mitigation targets (which, however, limit only emissions in produc-

tion, but not in consumption) are produced in countries without such targets (Peters

and Hertwich 2008a). Even though the literature on emissions embodied in trade

does not suppose that these trends in emission transfer are caused by current

(production-oriented) climate policy, some authors suggest basing international

climate policy on consumption-based accounting as a countermeasure (Peters and

Hertwich 2008a, b; Nakano et al. 2009; Wiedmann 2009).

The second line of literature, the literature on carbon border adjustments,
indirectly also discusses switching to a consumption-based approach—although

in that strand of literature this term is generally not used. Carbon border adjustments

work as follows: the region that abates bases its policy on production-based

emissions accounting, but supplements that policy by import taxes2 and export

rebates. The import taxes are levied on the carbon-content of products originating

2 There exist other forms of border adjustments apart from taxes—see Sect. 2.2.3. The expression

“taxes” is used—without loss of generality—merely to keep the discussion simple.
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from countries not following an equally stringent climate policy, and the export

subsidies are granted to domestic producers for the carbon content of exports to

countries with a less stringent policy. If such import taxes and export rebates are

applied to all products according to their true carbon content, and if the carbon price

charged or rebated equals the domestic carbon price, the measures represent a full

switch to a consumption-based policy approach; or, to use the language of the

literature on international taxation, a switch in the carbon tax system from an origin

basis to a destination basis.

The literature on carbon border adjustments, however, usually does not assume

such a “full switch”—the adjustments are typically not envisioned for all goods, but

only for the products of carbon-intensive industries; additionally they are often not

based on a precise calculation of the carbon content of these goods. The reason is

that in this strand of literature the objective of the border adjustments is defined

more narrowly: the adjustments are not introduced for reasons of fairness or out of a

principled belief that the carbon price applied to different products must always be

the same, but as one of a number of possible ways of achieving some practical

policy goals—to protect industries deemed at risk of loss of competitiveness or to

stem carbon leakage triggered by unilateral climate policy. Protecting the compet-

itiveness of certain industries—if pursued as an aim in itself and not as a means of

overcoming political opposition to a more stringent climate policy—is, of course,

not an environmental objective. Therefore this study will not analyze competitive-

ness issues in-depth. A basic understanding of competitiveness concerns—as

discussed in the border adjustment literature—will, however, help to grasp the

political controversies triggered by the pursuit of unilateral climate policies.

At any rate, the scenarios studied in the literature on border carbon adjustments

do not qualify as examples of a “pure” consumption-based policy. But, as we will

see in the course of this study, it is questionable whether a “pure” consumption-

based policy can actually be implemented in a real-world setting; and secondly, the

analysis of a “less-than-full” switch to consumption-based accounting will also

provide valuable insights into the consequences of switches of the policy base.

The question whether border carbon adjustments do indeed help to protect the

competitiveness of industries at risk and to stem carbon leakage is studied in this

strand of literature by quantitative sectoral as well as computable general equilib-

rium (CGE) models. The results diverge vastly—they range from findings that

confirm that border measures are effective in curbing both leakage and competitive-

ness losses to results which state that they can fulfill neither objective (see Chap. 5

for a review of these studies and the respective references). One reason for the huge

discrepancy in results may be that the studies start from quite different assumptions

on the size of the abating coalition, the range of products included, the way in which

the border adjustments are calculated, and the question whether the adjustments

consist only of an import tariff, or also of an export rebate. At any rate, currently

there is still no consensus in this strand of literature on the question whether—and if

so, under what conditions—the introduction of border carbon adjustments can be

recommended. One recent study comparing 12 simulation models not only assesses

the impact of border measures on carbon leakage and competitiveness, but also on
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cost-effectiveness. This study finds that improvements in terms of cost-effectiveness

are only modest, but that, on the other hand, the border measures shift the economic

burden of emissions reduction to non-abating countries (Boehringer et al. 2012).

Apart from these two strands of the recent economic literature there exists an

older theoretic literature on unilateral climate policy measures (Markusen 1975;

Hoel 1996). These contributions find that border adjustments can improve the

efficiency of a unilateral policy, but that typically the most efficient outcome is

not achieved by a “full” adjustment that completely changes the accounting base,

but rather by a policy that combines the taxation of production with the taxation of

consumption—and that typically also applies different carbon tax rates to different

economic sectors. To see why, note that a policy that combines the taxing of both

production and consumption includes more sectors of the global economy than

either a “pure” production-based or a “pure” consumption-based policy. But bring-

ing additional sectors within the scope of the policy and having the possibility to

freely set the carbon tax rate in these sectors (which may be positive or negative) as

well as to adjust the carbon tax rates in all other sectors clearly enlarges the set of

choices available when designing an efficient policy. Thus such a policy can never

be less efficient and will typically be more efficient than either of the two “pure”

policy variants.

Notwithstanding the ambiguity of the findings on their effectiveness, the idea of

carbon border adjustments has triggered an intense and often controversial political

debate. In Europe, such measures have repeatedly been called for by industry

representatives as well as some politicians, for example the former French President

Nicholas Sarkozy. In the U.S., the introduction of a cap-and-trade regime was

discussed in 2009. There, provisions for border adjustments were included in all

proposed congressional bills. In the end, the Senate did not approve any of these

bills—and the plans for the cap-and-trade system were abandoned (Clapp 2010).

Still, many authors (e.g. Van Asselt and Brewer 2010) believe that the debate on

border measures is far from over. Van Asselt and Brewer also note that—especially

in the U.S.—calls for border measures are motivated mainly by competitiveness

arguments, rather than by environmental concerns.

The response to these proposals from the countries possibly targeted by the

measures—emerging economies—was immediate and fierce: they asked the

UNFCCC to ban border carbon adjustments (Khor and Jhamtani 2009). For emerg-

ing economies, gains in the relative competitiveness of industrialized countries

correspond to losses in the competitiveness of their industry. Additionally, emerg-

ing economies also fear general welfare losses through border adjustments—as, for

example, predicted by the model comparison study mentioned above (Boehringer

et al. 2012). Just how intense the controversy can become, is shown by the

vehement reaction from both emerging economies and industrialized countries to

the EU’s recent decision to introduce an aviation emissions levy (which has some

similarities to a border carbon tax).

Border carbon adjustments are not the only way to change the emissions

accounting base to a consumption-orientation—this study will also discuss a dif-

ferent proposal for switching to a consumption-based policy as well as measures to
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alleviate negative distributional impacts on developing and emerging economies.

Still, given the “long-standing negative experience in developing countries with

trade talks” and the absence of “trust” in the motives of industrialized countries

(Droege 2011, 1197), the introduction of consumption-based policy approaches

will remain a controversial idea.

1.4 Methodology, Structure, and Research Objectives

The objections voiced in developing and emerging economies to border carbon

adjustments (and therefore, presumably, to every form of consumption-oriented

policy) make it all the more important to examine whether consumption-based

approaches can indeed further environmental objectives—or whether they are only

another form of “protectionism,” (Droege 2011, 1197), as is often claimed by these

countries. As discussed in the previous section, the academic literature has so far

not given a final and unanimous answer to this question. This study aims to

contribute further to the respective discussion. In contrast to much of the existing

literature, the discussion will however not be framed in the tradition of only one of

the literature strands introduced in the previous section; rather the aim is to draw

from the findings and arguments of all of these traditions in order to compare the

different approaches and to make best use of all of the current knowledge in this

field of research. The study is structured into three parts, each of which pursues

quite distinct research objectives.

1.4.1 A Common Perspective on Hitherto Separate Literature
Strands

The first part of the study introduces the central concepts needed for the following

analysis—it provides the economic, the political, and the legal background—and it

reviews the literature on consumption-based abatement policies, in particular the

two literature strands mentioned above, the literature on emissions embodied in

trade and the literature on border carbon adjustments. One might argue that a

literature review only seldom reveals new facts or arguments—but in the field of

the economics of unilateral climate policy this might be different: the two literature

strands have for some years existed side by side—but only rarely has an attempt

been made to compare their arguments, their findings, or their policy recommen-

dations (Steininger et al. (2014) is one of the few exceptions). This study, in

contrast, aims to critically review the literature from the two strands, to examine

where these strands produce comparable results, and where they diverge. To give a

few examples:
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– The concept of carbon leakage is central to the literature on border carbon

adjustments. But by looking at these adjustments not as just an “add-on” to a

production-based policy, but as bringing about a switch of the policy base to a

consumption-orientation, one realizes that the standard concept of leakage

cannot be used for a policy with border adjustments (or at least must be

interpreted completely differently)—for consumption-based policies, carbon

leakage must be calculated by a different formula.

– Many authors writing in the tradition of the literature on emissions embodied in

trade see a consumption-based approach as “fairer” than a production-based one.

But a comparison to the literature on border adjustments shows that these

authors apparently envision formulating only the abatement targets in terms of

consumption. But they do not take the additional step to examine how these

targets can be implemented. If they are implemented by a switch to a

consumption-based policy, then—as the literature on border adjustments

finds—the distributional impacts of changing the reference point for the mitiga-

tion targets might actually be reversed—and the claim that consumption-based

approaches are “fairer” becomes debatable.

– Much of the literature on emissions embodied in trade is written by non-

economists. This study will provide an economist’s perspective on the findings

of this literature strand. For example, some authors contributing to the literature

on emissions embodied in trade discuss schemes to change the distributional

impacts of a policy in terms of the question to which economic actor a climate

policy instrument is applied. Tax incidence theory, however, tells us that tax

burdens (or the burdens imposed by some other climate policy instrument) are

passed on and that one cannot determine the distributional effects of a policy by

asking on whom the tax is levied.

1.4.2 Theoretical Analysis

The second part of this study is the central analytical part: a production-based

policy will be compared to a consumption-based one and assessed according to

various criteria—first of all, the “effectiveness” criteria already listed above. But, as

a policy that is to be actually implemented must meet requirements other than those

of effectiveness, the distributional consequences of adopting the different policy

variants and their impact on competitiveness will also be examined. The analysis

will be organized along four so-called “carbon leakage channels” discussed in the

literature: Policy transmission in non-energy markets (the “competitiveness chan-

nel”) and in energy markets (the “fossil fuel channel”) will be examined by means

of an analytical partial equilibrium (PE) model. Policy transmission through

income effects (the “income leakage channel”) or through technological spillovers,

however, does not lend itself to a representation in a PE setting—these two channels

will therefore be discussed without resorting to a formal presentation. Finally, it
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will be asked which possible effects may have been ignored by confining the

analysis to a PE setting—and not using a general equilibrium (GE) model.

As mentioned in Sect. 1.3, the quantitative literature on border adjustments has

produced vastly different results on the effectiveness of such measures. These

findings—and a number of other arguments discussed in the course of this

study—suggest that a consumption-based policy will not be always more effective

or less effective than a production-based one: rather its effectiveness appears to

depend on parameters characterizing markets, trade relationships, production tech-

nologies, and the exact design of the policy instrument applied. The analytical part

of this study will therefore examine which parameter and policy design constella-

tions enhance the effectiveness of consumption-based approaches, and which have

the opposite effect.

The choice of research methodology—using an analytical PE model—is moti-

vated as follows: Quantitative border carbon adjustment models have produced a

wide variety of different results, and the researchers developing and employing

these models have drawn quite different conclusions on the desirability of

implementing border adjustments. In this field of research what currently appears

most useful is to acquire a clear understanding why the findings diverge so much.

Naturally several methods can be used to examine this question. The present study

aims to address it by means of developing a better understanding of the basic

mechanisms at work in this field of economics. These mechanisms can be best

revealed in small models with only few sectors that depict economic relationships

in a rather “stylized” fashion. Thus, it is not the objective of this study to produce

exact quantitative estimates that apply to a very specific setting, but to examine in

which settings (in terms of parameter values and instrument design options)

consumption-based policy approaches prove effective.

Earlier theoretical studies of unilateral environmental policy (e.g. Markusen

1975) mostly use simple GE models of the Heckscher-Ohlin-Samuelson type.

Such models include factor-price and income effects—impacts not represented in

a PE analysis. Nonetheless, for the present study it was decided to employ a PE

model: in a PE setting, it is easier to include—in addition to final goods markets—a

fossil fuel market also and to assume less than perfect substitutability between

domestic and foreign goods, two characteristics that according to the CGE literature

on carbon leakage may be decisive for the results to be obtained. The model

developed includes two regions, four final goods markets, and a global fossil fuel

market. It is characterized by two features that distinguish it from models used in

other studies:

– As already mentioned it includes a fossil fuel market. This allows the examina-

tion of the interrelationship between effects in goods and in energy markets and

also the study of carbon leakage through the energy market channel. To the best

of the author’s knowledge, there are currently no studies on climate policy that

combine goods and fuel markets in this way in a single, stylized analytical

model.
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– It allows producers in non-abating countries to react to the introduction of border

measures by adopting a less carbon intensive technology in the production of

export goods. This is achieved by means of two characteristics of the model:

(i) the import border tariff is a true emissions tax—and not, as according to

Winchester (2012) is the case in many CGE studies, an output tax, and

(ii) producers can differentiate their production technology across destination

markets, i.e. they can produce exports with a different input mix than goods

intended for the home market. As will become clear in the course of this study,

the question whether developing and emerging economies react to the introduc-

tion of a consumption-based policy by “greening” their production technology is

decisive for the effectiveness of such a policy.

1.4.3 Policy Design and the Practicability
of Consumption-Based Policies

The third—and last—part of this study poses the question whether it is possible to

design consumption-based policy approaches that are also effective in a “real-

world” setting—and, if so, how exactly these policies must be designed. First, it

is discussed which conditions a policy proposal must meet to qualify as politically

acceptable. Then, three proposals on a “partial” and one on a “full” switch to

consumption-based accounting made in recent years will be reviewed. Finally,

drawing on this review, on the review of the literature on emissions embodied in

trade and the literature on border adjustments in the first part of this study, and on

the results of the theoretical analysis in the second part, the requirements of a

practicable policy design are discussed. In addition to the criteria for policy

effectiveness, which are the main focus of this study, a policy intended to be

feasible must meet a number of other criteria. In this study the following additional

criteria will be employed: the policy should not increase the burdens on developing

and emerging economies, it should meet the criterion of “perceived fairness”

(discussed in Chap. 11), stand a reasonable chance of not being immediately

challenged in the dispute settlement system of the World Trade Organization

(WTO), and its implementation should be practicable. A number of design recom-

mendations will be developed that guarantee the fulfillment of these criteria.

Compared to design proposals for consumption-based approaches made previously

in the literature, this study additionally aims to shed light onto the following issues:

– The impact of the policy on international income distribution and the possible

negative repercussions of income losses on environmental effectiveness.

– The question how a policy might incentivize a “greening” of production methods

in emerging and developing countries. It will be argued that the answer to this

question may prove decisive for the policy’s effectiveness.
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– The question whether there exist policy design options that cannot be

implemented in the short run, but that might prove fruitful in the medium to

long term.

The discussion of different options for practical policy design will finally allow

us to provide a more informed answer to the central question of this study: Will the

adoption of consumption-based policy approaches by industrialized countries in

fact help to overcome at least some of the problems of current international climate

policy—or are consumption-based policies a concept that works only in the ideal-

ized setting of theoretical models relying on specific assumptions, but that is of little

use in practical policy-making?
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Part I

The Economic, Political, and Legal
Background



Chapter 2

Consumption as a Base for Emission

Accounting and as a Policy Base

Abstract This chapter introduces a number of basic concepts needed to analyze

consumption-oriented approaches in international climate policy. First, the exact

difference between production-based and consumption-based emission accounting

is explained. Two methods to determine a country’s consumption-based emissions

inventory are presented—the bottom-up approach and the top-down approach

relying on environmentally extended input-output analysis. Then the question

how a country’s consumption-based emissions inventory can be used as a base

for climate policy is examined. It is argued that it is crucial to distinguish between

the base to which emission reduction targets refer and the base to which the policy

instrument is applied. Two options are introduced by which the policy base can in

practical terms be changed from production to consumption—border carbon adjust-

ments and a “carbon-added” scheme. Finally, various criteria for assessing different

climate policy variants are discussed: economic efficiency, cost-effectiveness,

environmental effectiveness, carbon leakage, welfare, and competitiveness. This

discussion shows that one of the most common policy effectiveness indicators—

carbon leakage—in its standard definition is actually tailored only to a production-

based policy. An alternative definition is presented that allows leakage to be

determined in a meaningful way also for consumption-oriented policies.

This chapter introduces a number of basic concepts that will be used throughout this

study: first, the exact difference between production-based and consumption-based

emission accounting will be explained, then the question how a country’s
consumption-based emission inventory can be used as a base for climate policy

will be examined, and finally, various criteria used to assess different climate policy

variants will be discussed. In the course of this discussion we will also see that one

of the most common policy effectiveness indicators—carbon leakage—in its stan-

dard definition is actually tailored only to a production-based policy. To serve as a

meaningful indicator for a consumption-based policy also, the formulas defining

carbon leakage have to be adjusted. Additionally, it will be argued that when

formulating abatement policies it is crucial to distinguish between the base to

which the emission reduction targets refer and the base to which the policy

instrument is applied—a distinction usually not made in the literature.
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2.1 Production- and Consumption-Based Emission

Inventories

2.1.1 Emission Accounting Concepts

After the UN climate conferences in Copenhagen and Cancun in 2009 and 2010,

around 90 countries have offered various GHG mitigation pledges.1 If these coun-

tries abide by their pledges, a multitude of national climate policies with quite

different levels of stringency will exist side by side. No attempt will be made here to

model this real-world complexity. Rather, the simplest of possible settings is used

to analyze the consequences of a switch of the GHG accounting system: a world,

where one region (the policy-region, called “Home” in the following) pursues a

GHG abatement policy, whereas the rest of the world (the non-policy region, called

“Foreign” in the following) does not. In a highly stylized representation of current

international circumstances, it will be assumed that the policy region Home com-

prises industrialized countries, whereas the non-policy region Foreign consists of

developing and emerging economies.

In a first step, this simplified framework will be used to demonstrate the

difference between production-based and consumption-based emission accounting.

Region Home produces goods for domestic consumption as well as for export,

denoted H and X1, respectively (see Fig. 2.1). The sum of H and X1 is Home’s
output. Region Foreign produces goods for its domestic consumption (F), and also

goods that it exports (termed M1, as these goods are imports seen from the

perspective of Home). Thus, Foreign’s output is the sum of F and M1.

Let now EH be the GHG emissions discharged by producing H, EX1 those

discharged by producing X1, EF those discharged by producing F, and EM1 those

discharged by producing M1. Then, Home’s production-based emissions inventory

E1
PB and Foreign’s production-based emissions inventory E2

PB are defined as

follows (in the following variables and parameters relating to region Home will

be marked by the subscript 1, those relating to Foreign by the subscript 2):

EPB
1 ¼ EH þ EX1; ð2:1Þ

EPB
2 ¼ EF þ EM1: ð2:2Þ

E1
PB includes all emissions set free to produce Home’s output, and E2

PB includes

those set free to produce Foreign’s output.2

1 See UNFCCC (2011a), for an overview of the mitigation pledges of developed countries, and

UNFCCC (2011b) for an overview of the mitigation pledges of developing countries.
2 This study follows Peters (2008) and Peters and Hertwich (2008a, b) in its definition of the

production-based emissions inventory. As Peters and Hertwich point out, their definition is close

to, but not the same as the one employed by the UNFCCC in the Kyoto Protocol (UNFCCC 1998a,

b). The Protocol refers to the definition given by the Intergovernmental Panel on Climate Change

(IPCC): “national inventories should include greenhouse gas emissions and removals taking place
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Next, consider the consumption-based emissions inventory of the two regions. At

the outset, two terminological issues shall be clarified: First, note that in the term

“consumption-based emissions” the word “consumption” is used in a different sense

than in national income accounting: it refers not only to private consumption, but also

to investment and to government consumption, i.e. to all forms of domestic final

demand. Second, the literature on consumption-based emission accounting uses the

term “embodied emissions”—it, for example, discusses “emissions embodied in

imports” or “emissions embodied in exports.” This, however, does not mean that

these emissions are in some way “physically contained” in the imports or exports

examined. Rather, the emissions embodied in some good are defined as the emissions

set free at all different steps of the production process of that good, from raw

materials extraction through to final assembly and, ultimately, the final sale of the

product (Peters and Hertwich 2008b). Thus, the emissions embodied in a product also

include the emissions embodied in intermediate goods used in the production of that

good; and in the intermediate goods used to produce these intermediate goods etc.

Production 

Consumption 

Production 

Consumption 

Region 
“Home” 

Region
“Foreign”

H F

X X1
X2

M
M3

M4
MM1

M2

XX3
X4

Fig. 2.1 Emission accounting concepts (see the main text for details)

within national (including administered) territories and offshore areas over which the country has

jurisdiction” (IPCC 1997). Thus, the geographic rather than economic definition of a country is

used. The approach may therefore be termed “territorial” emissions accounting. The problem with

it, Peters and Hertwich argue, is that emissions from international transportation are not assigned

to any country and that the geographic approach differs from the way in which quantities like GDP

are calculated in national economic accounts. They therefore suggest employing the same alloca-

tion rules for emissions as for economic activities in national accounts, i.e. not recording emissions

that occur within national territories, but rather emissions from institutional units resident in the

economy. For the topics discussed in this study, however, the difference between the two

definitions is inconsequential and will therefore not be elaborated.

2.1 Production- and Consumption-Based Emission Inventories 19



The supply chain of many manufactured goods extends across many different

countries; therefore, to determine the emissions embodied in some good, we must

add up the emissions discharged in all of those countries in producing that good. In

the simplified setting employed in this study, there are, however, only two regions.

Thus, every good is produced in Home, in Foreign, or in both Home and Foreign.

The reason why a country’s consumption-based emissions inventory typically

differs from its production-based one is international trade: the goods a country

consumes are not all the same as the ones it produces, and so, in general, the

emissions embodied in these goods will not be the same. Figure 2.1 shows the trade

flows: ImportsM bring additional goods to Home, but not all of them find their way

into final consumption. The reason is that imports (according to the term as used in

trade statistics) contain (a) final goods as well as (b) intermediate goods. The

intermediate goods can be used to produce either (b1) domestic final goods or

(b2) exports (Peters 2008). Only (a) and (b1) are part of Home’s final demand—

they are termed M3 in Fig. 2.1. The quantity (b2), on the other hand, constitutes

through-trade: imports used to produce exports. It is termed M4 in Fig. 2.1, and it

equals X2—the part of Home’s exports X, which stems from trough-trade. The

remainder of X is X1, which—as explained above—are exports produced domes-

tically. We can now determine Home’s final demand: it consists of H, goods
produced domestically for domestic consumption, plus M3, the part of imports

that is not re-exported. The emissions embodied in Home’s final demand constitute

E1
CB, Home’s consumption-based emissions inventory. E2

CB, Foreign’s
consumption-based emissions inventory, is calculated in a similar manner:

ECB
1 ¼ EH þ EM3; ð2:3Þ
ECB
2 ¼ EF þ EX3: ð2:4Þ

Thus, the consumption-based inventory measures the emissions caused by a

country’s final demand, no matter where the production to meet this demand

takes place.3

The relationship between a country’s production-based and its consumption-

based emissions inventory can be stated in various ways:

ECB
1 ¼ EPB

1 � EX1 þ EM3 ¼ EPB
1 � EX þ EM: ð2:5Þ

The second equality holds true because the terms related to through-trade cancel

out. Of course, a similar relationship applies to region Foreign. Thus, the difference

3 Emissions discharged not during production but during the final use of goods (like emissions

from the use of private cars or from heating private homes) should be included in the production-

based as well as in the consumption-based emissions inventory of the country where these

emissions are set free. This can be justified as follows: activities like heating a private home can

be seen as production—the production of a pleasant room climate—and consumption—enjoying

that room climate—occurring at the same time.
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between the production-based and the consumption-based emissions inventory can

be calculated as the difference between emissions embodied in exports and emis-

sions embodied in imports. This difference is usually termed the “balance of

emissions embodied in trade” (Peters and Hertwich 2008a) or simply the “CO2

trade balance” (Munksgaard and Pedersen 2001). We shall label it ETB:

ETB ¼ EPB
1 � ECB

1 ¼ EX � EM : ð2:6Þ

One more equality can be demonstrated easily within this two-region framework:

We already know that EX2¼EM4 and EX4¼EM2. From this we obtain

EX1 +EM1¼EX3 +EM3, which in turn can be used to show that global production-

based emissions EPB equal global consumption-based emissions ECB:

EPB ¼ EPB
1 þ EPB

2 ¼ EH þ EX1 þ EF þ EM1,

ECB ¼ ECB
1 þ ECB

2 ¼ EH þ EM3 þ EF þ EX3 ¼ EH þ EX1 þ EF þ EM1 ¼ EPB:

ð2:7Þ

This is as it should be: both emissions measures refer to the very same emissions—

they are just measured at different points along the supply chain.

2.1.2 Determining a Country’s Consumption-Based
Emissions

Determining a country’s production-based emissions inventory (or more exactly: its

territorial emissions inventory, see Footnote 2) is a well-established procedure: it is

done by all industrialized countries at least once a year, inter alia to meet their

emission reporting requirements under the Kyoto Protocol. Establishing the emis-

sions embodied in an individual good or the consumption-based emissions inven-

tory of an entire country is however a more difficult task: consumption-based

emissions cannot simply be “measured at the chimney” where they are set free.

Currently, two approaches are used to determine embodied emissions, both of

which have certain advantages and disadvantages (Ismer and Neuhoff 2007): in

the bottom-up approach, production processes and the emissions associated with

them are assessed for individual products (or narrowly defined product categories).

The emissions measure thus determined is sometimes termed the “carbon footprint”

of a product. It is the same quantity as the emissions embodied in that product

defined above (Hertwich and Peters 2009). This method requires a lot of informa-

tion (often from suppliers of intermediate products spread across the globe), it is

time-consuming, but it can deliver exact results on the carbon content of individual

products. If this carbon content for all goods that make up the final demand of a
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country were to be added up, this would, theoretically, enable the country’s
consumption-based emissions inventory to be established (which, in analogy, is

sometimes termed the “carbon footprint” of that country).

But this would be a tedious procedure, and therefore in determining

consumption-based emissions for a whole country in practice the second approach

mentioned above, the top-down approach, is employed. This approach has been

continuously refined, starting in the late 1990s, in what has become known as the

literature on emissions embodied in trade (see Chap. 6). It is based on environmen-

tally extended input-output analysis. Simply put, such an analysis does not establish

the carbon content of individual goods, but works with sector averages. For every

sector it is determined how many inputs from other sectors directly or indirectly

(via a longer supply chain) are required to produce one unit of output of the sector

examined. These data are combined with data on the aggregate emissions

discharged by every sector (or alternatively its energy consumption) in order to

provide the amount of emissions embodied in the output of the sector studied.

Lenzen et al. (2004) give an overview of different types of such international input-

output models: The simplest type, autonomous trade models, assumes that imported

commodities are produced with the same technology and production structure (and

thus the same emissions) as domestic goods. The second type of models, unidirec-
tional trade models, trace imports one step back to the region producing them.

Every such producing region is characterized by its own technology and production

structure (and thus its own emission intensities). Finally, the most sophisticated

type of models, multidirectional trade models, trace back the whole supply chain of
imports, often involving many different regions (each with its own technology and

production structure).

All these types of models have been used in recent years to estimate

consumption-based emissions inventories for most countries and regions of the

world—see Chap. 6. They are an excellent tool for depicting the interconnectedness

of production between different regions in today’s globalized economy. Still, one

should not forget that these models work with aggregate or average data relating to

whole sectors. Any individual good may be produced using a supply chain or a

technology that is quite different from that sector average. Thus, the emissions

embodied in that good will, typically, also differ from the values characterizing the

whole sector. The top-down approach to the estimation of consumption-based

emissions is therefore suitable for determining the emissions inventories of whole

countries or regions, but the data it will provide for individual goods are less

accurate. This contrasts with the bottom-up approach, which can give more precise

data for individual goods, but, if applied on a larger scale, is a tedious and time-

consuming procedure.
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2.2 Consumption-Based Emissions as a Policy Base

Leaving the practical problems of determining consumption-based emissions aside

for the moment, let us examine the formulation of a consumption-oriented policy.

Basically, just as a country’s production-based emission inventory can be used as a

base for an abatement policy, so its consumption-based emissions inventory can be

used as a policy base, i.e. policy targets and policy instruments can be tied to the

country’s consumption-based emissions. In the following these two options will be

referred to as “production-based policy” and “consumption-based policy.”

2.2.1 Target Base vs. Tax Base

Steininger et al. (2012) observe that the question of the policy base of a certain

policy actually consists of two questions: the “target base question,” i.e. the ques-

tion whether an emissions reduction target should be interpreted as a target to lessen

a country’s production-based emissions inventory or its consumption-based emis-

sions inventory. Similarly, if instead of targets “emission-budgets” (see Sect. 1.2)

are used to define the stringency of an abatement policy, these budgets may refer to

either a country’s production- or its consumption-based emissions inventory. The

second question is the “tax base question,” i.e. the question whether a country’s
production- or its consumption-based emissions inventory should be used as the

base for an emission tax.4 A change of the target base from production to con-

sumption has quite different effects from changing the tax base from production to

consumption. So far this has not been discussed in the literature in any detail. But,

as a clear understanding of this difference is essential when comparing production-

to consumption-based policy approaches, the main arguments shall be

outlined here.

To simplify somewhat: a change of the target base alone affects the distribution

of the costs of an abatement policy between different countries or regions, but will

not affect the effectiveness of the policy. Consider, as an example, the following

scenario: A global conference agrees that every country should reduce its emissions

by 20 %. This agreed target is defined in terms of production-based emissions. At

some point, however, it is decided to redefine it in terms of consumption-based

emissions. What consequences does this switch of the target base have, for exam-

ple, for the EU? To answer this question, it is necessary to determine what the

4 “Instrument base” would be a more comprehensive term than “tax base,” as a climate policy

cannot be pursued only by means of an emission tax, but also through quantity instruments like, for

example, a cap-and-trade scheme. Still, here the term “tax base” will be employed for the most

part—simply because it is also used in other fields of economics and is therefore well-established.

But note that all the results discussed in this study equally apply when, instead of a tax, a different

policy instrument is used.
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percentage target means for the absolute amount of emissions to be abated (e.g. in

Gt CO2 equivalent). For the EU, this absolute amount is larger if the 20 % reduction

target refers to emissions in consumption rather than to emissions in production, as

the EU’s consumption-based emissions inventory is larger than its production-

based one (see Sect. 6.1). Thus, for the EU a switch to a consumption-based policy

means an increase in the absolute abatement requirement and, as a consequence, an

increase in the cost of the abatement policy. Countries or regions that have a larger

production-based than consumption-based emissions inventory will, on the other

hand, experience a reduction of the costs of the policy as the result of a switch of the

target base. Thus, overall, this switch redistributes policy costs between regions.5

As opposed to a switch of the target base alone, a switch of the tax base alone

will influence both the distribution of the costs of the policy between regions and

the environmental effectiveness as well as the cost-effectiveness of the policy. The

direction and size of these distributional and effectiveness effects are the central

questions of this study. As we will see in the following chapters, it is impossible to

draw conclusions on these effects without knowing the values of all relevant

parameters. Nevertheless, as regards distributional consequences, for a scenario

where only industrialized countries abate, in many cases these countries will be able

to reduce the costs they incur by switching to a consumption tax base. Now, if both

the target base and the tax base are switched from production to consumption at the

same time, then there will be two counteracting effects on costs (and thus income or

welfare) of industrialized countries: the switch of the target base increases costs

(recall the example above of the effects of such a switch on the EU), but the switch

of the tax base decreases costs—again the overall effect will depend on parameter

values.

This study will mostly analyze exactly such a scenario where the target base and

the tax base are switched at the same time. Peters and Hertwich (2008b) examine a

similar setting. But, as Table 2.1 shows, the different strands of the literature

generally discuss quite different scenarios:

The literature on border carbon adjustments typically assumes a (partial) switch

of the tax base by means of adjustments towards a consumption-orientation (see

Sect. 1.3). But the target base is typically not altered—it is assumed that the

(industrialized) countries introducing the border measures continue to pursue

targets defined in terms of production-based emission as, for example, the targets

5 The claim that a change of the target base does not influence the effectiveness of the policy is a

simplification. As described in the main text, the choice of target base influences the international

distribution of the costs of the policy and consequently affects international income distribution.

Insofar as this income distribution has an influence on policy effectiveness, effectiveness is not

independent of the choice of target base. On this question, see also the discussion of the “income

leakage channel” in Sect. 9.2. Secondly, if the target base, but not the tax base is switched,

typically in every region an adjustment of the stringency of the policy at the very least will be

needed to meet the altered target. Now, if the effectiveness of the policy is related to its stringency,

then the choice of target base may have an effect on policy effectiveness. But all these effects are

rather indirect—and will not be discussed here in greater detail.
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of the Kyoto Protocol. Such a policy may seem inconsistent—should it not be easier

to meet a given target if the tax base matched the target base? Note, however, that

the literature on border adjustments typically does not assume a “full” switch of the

tax base. And additionally, the aim of the introduction of the border measures is

often not to improve the effectiveness of the policy, but to protect the domestic

industry of the country introducing the measures.

The other strand of literature discussed in this study, the literature on emissions

embodied in trade, typically does not draw a distinction between changes in the

target base and changes in the tax base. However, many of the proposals on

assigning “responsibility for emissions” seem to discuss a switch of just the target

base without a corresponding switch of the tax base—see Sect. 6.3.1.

2.2.2 The Tax Base: Production vs. Consumption

Tax incidence analysis tells us that under the assumption of flexible prices the

effects of a tax do not depend on the question on which economic agent a tax is

levied, but only on the tax base. For instance, to cite a standard textbook example, a

uniform sales tax is equivalent to a uniform income tax as both have the same tax

base. It is true that the two taxes are collected from different economic agents, but

the tax burden is passed on and—after all price adjustments have taken place—the

tax burden borne by each economic agent is the same for the two taxes. These

principles, of course, also hold for emission taxes (or any other policy instrument

used for abatement policy). Thus, from the fact that the production-based and the

consumption-based emissions inventories are equal on a global scale (see Eq. 2.7) it

follows immediately that if the world were to follow a uniform abatement policy

(i.e. apply a uniform tax rate—or carbon price—to all emissions), it would make no

difference whether production-based or consumption-based emission were taxed:

the tax base is the same in both cases—all emissions world-wide.

In the remainder of this study, however, situations will be examined where just

one region abates and the other does not—in that case, the policy bases of a

production- and a consumption-based policy will differ. And, to repeat the central

point, it is this difference in policy bases that is the cause of differences in the

Table 2.1 Target base vs. tax base

Target base (affects burden sharing)

Production-based Consumption-based

Tax base (affects burden

sharing, policy

effectiveness)

Production-

based

Current UNFCCC

system (Kyoto

Protocol)

Most of literature on

emissions embodied in

trade

Consumption-

based

Literature on border

carbon adjustments

• Peters and Hertwich

(2008b)

• This study
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effectiveness and distributional impacts of the two policies—and not the fact that

one tax is collected from producers, while the other one might be collected, for

example, directly from consumers or at the border between the regions.

In Fig. 2.2 the policy-base for a policy in Home targeting production-based

emissions is highlighted. One can see that also Foreign is affected by this policy:

part of its imports (the part that does not constitute through-trade for Home) are

subject to the policy (and will therefore usually become more expensive).

In Fig. 2.3 Home follows a policy targeting consumption-based emissions. Now,

the policy also affects Foreign’s export production; or more precisely that part of

export production which will not become through-trade in region Home.

2.2.3 Implementing a Consumption-Based Policy

Most countries currently abating their GHG emissions follow some form of

production-based policy. In practical terms, this means imposing the carbon price

(e.g. a tax or the costs of emissions permits) on those firms that actually discharge

the GHGs. Consumption-based policies are currently not followed by any country

on a wider scale. The academic literature however discusses several options how

they might eventually be introduced (see e.g. Droege 2011; Droege et al. 2009).

The only one of these options that could be realized relatively quickly appears to

be border carbon adjustments. Border adjustments usually start with a mitigation

policy that uses production as the policy-base. Then, in the case of full adjustment,

all imports are taxed at the border for the emissions associated with their production

Production

Consumption 

Production

Consumption 

Region 
“Home” 

Region
“Foreign”

H F

X X1
X2

M
M3

M4
MM1

M2

XX3
X4

Fig. 2.2 Production as policy-base
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(i.e. the emission embodied in these goods) in the same way as domestic goods, and

exporters receive a tax rebate on exports for the full amount of emissions taxes paid.

In this way, the tax base is changed from production to consumption (through-trade

is not taxed, as import taxes and export rebates cancel out). Border adjustments

cannot be imposed for emission taxes only—equivalent measures also exist for

quantity-based policy instruments, for example importers may be required to

purchase emission allowances for the emissions embodied in imports. In this

study, in order to keep the argument simple and without loss of generality, border

adjustments will however be discussed in the form of taxes.

There exists a vast literature on border carbon adjustments (see Chap. 5). Most of

the adjustments discussed in that literature however do not qualify as “full adjust-

ments,” i.e. they will not bring about a full switch of the tax base from a production-

based to a consumption-based one: For example, they do not extend to both imports

and exports; or they include only energy-intensive, but not all sectors of the

economies studied; or they only encompass direct emissions or direct emissions

plus indirect emission from electricity, but not all emissions discharged along the

complete international value added chain for all products; or they only count

combustion emissions, but disregard process-related emissions; or they apply a

carbon price that differs from the domestic carbon price. In this study, on the other

hand, we examine the effects of a “full switch” of the policy base towards

consumption.

It is however not clear whether such a “full switch” can indeed be achieved by

means of border adjustments. The discussion in Sect. 2.1.2 has already shown that

establishing the emissions embodied in a good is a tedious procedure that requires a

lot of information on production processes and supply chains in foreign countries. It

Production

Consumption 

Production 

Consumption

Region 
“Home”

Region
“Foreign”

H F

X X1
X2

M
M3

M4
MM1

M2

XX3
X4

Fig. 2.3 Consumption as policy-base
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is far from clear whether this information can indeed be available “at the border.”

Several methods of calculating border taxes are discussed in the literature (see

Chap. 10)—but most of these methods will not bring about a full switch of the tax

base. Still, even though it is thus doubtful whether border carbon adjustments are

indeed an appropriate means to introduce a consumption-based policy in real-world

situations, the idea of such adjustments can serve as a convenient “tool” in theo-

retical discussions: phrasing one’s arguments in terms of border adjustments can

sometimes help to envision the effects of a policy, notwithstanding the fact that the

policy, if ever implemented, might actually be pursued through other policy

instruments.

A second option as regards how a switch to a consumption-based tax base might

be accomplished is discussed by Droege et al. (2009) and Droege (2011). It is

termed “carbon-added proposal” and has certain similarities to a value added tax

(VAT): for every good the emissions discharged are recorded at every step of the

value added chain through which the good passes. The emissions measures of the

individual steps are added and passed on with the good whenever it is sold. At every

production step their sum gives the emissions already embodied in the good at that

step; at the end of the production chain, the “carbon footprint” (or the overall

embodied emissions) of the good will be obtained. In that way information on the

carbon content of all goods, no matter whether they are intermediate or final goods,

will be available.

Under the “carbon-added proposal” governments can use this information to tax

any good according to its embodied carbon. They are free to decide for or against

the application of such a tax; all they are required to do is to ensure a correct

recording of emissions. An emerging economy might, for example, decide to apply

the emissions tax only to its exports, but not to its domestic consumption (this

would amount to an export tax as discussed in Sect. 10.1.3). An industrialized

country, on the other hand, might decide to apply the tax to all goods. Similar to

value added taxation, where VAT is charged on the basis of total sales, but

companies can offset their tax dues against the tax paid by other companies at

earlier stages of the production chain, the carbon-added tax would also be calcu-

lated according to the total carbon embodied in the goods under question, but again

it would be possible to offset the tax dues against tax already paid. For a company

importing some good from an emerging economy that means that this company

would have to pay tax on all emissions embodied in that good if no previous tax had

been collected in the exporting country. There would thus be a “border tax.” If, on

the other hand, an emissions tax had already been paid in the exporting country, the

importer would be able to reduce the tax dues by the amount of that tax.

The introduction of such a “carbon-added” scheme would require the coopera-

tion of (nearly) all countries—a credible system of emissions monitoring and

recording would have to be established on a global scale. Such a scheme could

therefore not be introduced quickly; establishing it would be a long-term project.

But once established, a “carbon-added” scheme would have the advantage that it

would enable a “full switch” to consumption-based accounting—as accurate infor-

mation on the emissions embodied in every good would be available.
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2.3 Evaluating Different Policy Variants

Evaluating different climate policies is by its very nature a normative exercise—it

must be decided which criteria to use to determine whether one policy variant

performs “better” than another (Venmans 2012). A vast number of different criteria

are mentioned in the literature, of which different authors employ different ones.

Some guidance on criteria choice is provided by the Fourth Assessment Report of

the IPCC (2007): It lists environmental effectiveness, cost-effectiveness, distribu-

tional considerations, and institutional feasibility as principal criteria. As stated in

the introduction, this study will concentrate on the question of policy effectiveness.

Policy effectiveness is not a very precise term—but it is probably best

operationalized by either of the first two criteria in the list above, environmental

effectiveness or cost-effectiveness. Still, as this study also intends to provide pro-

posals for climate policies that can actually be implemented, concentrating on

effectiveness alone is not sufficient—we also need to discuss those criteria that

dominate the political debate. Thus, the other two criteria recommended by the

IPCC will also be used—we will come back to distributional questions at various

points in this study; the criterion of political feasibility will be considered at length

in Chap. 10. Additionally, two other criteria that are often used in the academic

literature as well as in the public debate will be introduced: carbon leakage and

competitiveness. But to begin this overview of policy evaluation criteria, a criterion

that is employed almost exclusively in theoretical models will be briefly discussed,

the criterion of economic efficiency.

2.3.1 Criteria to Evaluate a Policy’s Effectiveness

Some of the theoretical models that will be discussed in Chap. 4 employ the

criterion of economic efficiency to compare different policies. Efficiency is the

most comprehensive of the criteria reviewed in this subsection—it not only assesses

the effectiveness of reaching a given environmental goal, but also the process of

selecting this goal, i.e. it helps to identify, for example, the “optimal level” of

emissions reduction. To that end, however, different environmental outcomes must

be valued, which is a difficult and controversial exercise. Therefore, economic

efficiency is a criterion well suited for purely theoretical analyses; in studies closer

to real-world circumstances most researchers prefer to avoid valuing environmental

outcomes and instead employ other criteria, such as environmental effectiveness or

cost-effectiveness.

Cost-effectiveness is a criterion that evaluates both the costs and benefits of a

policy, but does not require a valuation of environmental outcomes. This is

achieved by comparing policies with the same environmental outcome (i.e. the

same benefits). Then the policy with the lowest costs is the most cost-effective one.

Or, alternatively policies involving the same costs are compared—then the one with
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the best environmental outcome (i.e. the greatest benefits) is the most cost-effective

one. Determining which environmental outcome is best can be done by just ranking

the outcomes on an ordinal scale—a valuation of the outcomes is not required.

As climate change is triggered by the global concentration of GHGs, the

environmental effect of a climate policy—the benefits of the policy—must also

be measured on a global scale. In this study, benefits will be represented by the

reduction in CO2 emissions; and therefore it is the global reduction of these

emissions that counts and not the reduction of the emissions in a single country

or a group of countries—even if the policy is pursued unilaterally.6 Equally, the

costs will also always be defined on a global scale, i.e. we are interested in the

question whether a policy is desirable for the world as a whole, and not just for one

region. In contrast policy makers, when introducing the policy, tend to be more

interested in the costs incurred by their region or country. However, a policy with

minimal global cost also allows minimal cost for the region introducing the policy

to be achieved for given costs to the rest of the world. This argument, of course,

assumes that it is possible to redistribute costs between world regions. We will

come back to the question of redistribution when discussing proposals for a future

climate policy.

Environmental effectiveness, as opposed to cost-effectiveness, is a criterion that

looks only at the benefit side of a policy: the IPCC (2007) defines it as the extent to

which a policy meets its intended environmental objective. As stated above, in this

study the environmental objective is the reduction of global CO2 emissions. As no

information on the costs of the policies examined is required, as a criterion

environmental effectiveness may be more convenient to apply in practical circum-

stances than cost-effectiveness; this convenience, however, comes at a price: the

informative value of comparing only the environmental effectiveness of two pol-

icies is, of course, less. Therefore—whenever possible—economists typically pre-

fer to analyze the cost-effectiveness of a policy, rather than its environmental

effectiveness.

Furthermore, to achieve a meaningful comparison of environmental effective-

ness, the two policies being compared must be similar at least regarding some of

their aspects: this study will in the following compare policies that either (i) achieve

the same emission reduction in the region that abates or that (ii) apply the same

carbon price. As we will see in Sect. 8.7.1, option (ii) can actually be interpreted as

a simple cost-effectiveness analysis.

6 This study thus discusses just one of the GHGs, CO2—albeit the currently most important one in

terms of its contribution to global warming. Also, to simplify the analysis, benefits are defined in

terms of the “intermediate goal” of global emission reduction, and not in terms of a reduction of

global GHG concentrations or even of climate change impacts avoided.
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2.3.2 Carbon Leakage

Carbon leakage is a criterion that is widely used in the academic literature and has

also found its way into the public discussion. Loosely speaking, it describes an

effect that may occur if not all regions of the world abate: emissions may not be

reduced on a global scale, but merely shifted from abating to non-abating regions.

Two main versions of the concept of carbon leakage exist: first, “policy-induced” or

“strong” carbon leakage, and second, “consumption-induced” or “weak” carbon

leakage (Peters and Hertwich 2008a; Droege 2011).

2.3.2.1 Policy-Induced Carbon Leakage

In this study, it is mostly the first variant, policy-induced leakage, which will be

discussed. As the name already indicates, it measures an effect directly triggered by

climate policy, or more precisely, an unintended global effect of unilateral climate

policy—a possible increase in emissions in the non-policy region caused by the

introduction of the abatement policy in the policy-region.7 In its most simple form,

this can be stated in absolute terms, i.e. in tonnes or gigatonnes of CO2 of additional

emissions in the non-policy region. In our two-region framework, if Home intro-

duces a policy using emissions in production as the policy-base, then this policy-

base consists of all emissions discharged in the production of H+X1, i.e. all
emissions set free in production taking place inside the policy region. The emission

discharged in production taking place in the non policy-region, on the other hand,

are those set free in the production of F+M1. The absolute policy-induced leakage

for a policy targeting production, LPB, then equals

LPB ¼ ΔEF þ ΔEM1: ð2:8Þ

Δ denotes the change in a variable compared to a reference state with no abatement

policy. Absolute leakage therefore is a measure of the (unintended) “side-effect” of

the policy, an increase of emissions in the non-policy region, in absolute terms.

However, more common than this absolute leakage measure is a relative mea-

sure—the leakage ratio (denoted here by the lower-case letter l ). It is defined as the
increase of emissions in the non-policy region divided by the reduction in the policy

region:

7 The IPCC defines carbon leakage as “the part of emission reductions in Annex B countries that

may be offset by an increase of the emissions in the non-constrained countries above their baseline

levels” (IPCC 2007, 811). This definition refers to the split of countries into abating and non-

abating ones as introduced by the Kyoto Protocol. But obviously, the concept of carbon leakage

can also be used for other coalitions of abating countries.

2.3 Evaluating Different Policy Variants 31



lPB ¼ ΔEF þ ΔEM1

� ΔEH þ ΔEX1ð Þ : ð2:9Þ

Thus the leakage ratio sets the undesired effect of the policy—the increase of

emissions in the non-policy region—in relation to the desired effect, the reduction

of emissions in the policy-region.

Note that policy-induced leakage thus measures one aspect of a policy’s global
environmental effectiveness: if a reduction of emissions in the policy region is

accompanied by an increase of emissions in the non-policy region, then clearly the

global reduction in emissions is smaller than the reduction in the policy region—the

effectiveness of the policy is thus reduced by the unintended effect in the non-

policy region. Thus, leakage is an undesirable phenomenon that reduces the global

effectiveness of a unilateral climate policy.

Nevertheless, carbon leakage cannot be used as a measure of the overall effec-

tiveness of a climate policy: the overall effectiveness depends on the impact of the

policy in both the non-policy and the policy region—but carbon leakage only

assesses impacts in the non-policy region. To give an example: assume policy

A leads to a little less leakage than policy B. But policy B is much better in lowering

emissions in the policy region than policy A. Taken together, policy B results in a

larger reduction in global emissions and is therefore the environmentally more

effective one, even though, in terms of leakage, it performs worse. In one specific

setting it is however indeed possible to infer the environmental effectiveness of a

policy directly from its leakage ratio: if one compares two policies that bring about

an equal emissions reduction in the policy region, then the policy involving less

leakage leads to a larger reduction in global emissions and is therefore the envi-

ronmentally more effective one.

When analyzing a policy with consumption instead of production as its policy

base, there is a change in the split-up of the impacts of the policy into intended and

unintended effects: A consumption-based policy followed by region Home targets

emissions embodied in goods H +M3. Thus emissions embodied in H +M3 consti-

tute the policy base—a “consumption policy base”—and the intended effect of the

policy is a reduction of exactly these emissions. The unintended effect of the policy,

on the other hand, is a possible increase of emissions not targeted, i.e. of emissions

outside the “consumption policy base”—and these are the emissions embodied in

goods F +X3. Now, if one wants to use carbon leakage again as a measure of the

unintended effects of the policy (and thus of the loss of effectiveness associated

with these unintended effects), the leakage formula has to be adapted accordingly

(Steininger et al. 2014). Absolute leakage and the leakage ratio for a policy with

consumption as the base are then defined as follows:

LCB ¼ ΔEF þ ΔEX3; ð2:10Þ
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lCB ¼ ΔEF þ ΔEX3

� ΔEH þ ΔEM3ð Þ : ð2:11Þ

When comparing policies, it is therefore necessary to decide whether to calculate

leakage using the “production formulas” (2.8) and (2.9) or using the “consumption

formulas” (2.10) and (2.11). The choice between these formulas should be guided

by the objective pursued by a country’s climate policy, and not by the base of the

actual policy followed, i.e. the emissions reduction target that a country wants to

reach defines what is an “intended” and what an “unintended” effect (Steininger

et al. 2014): assume, for example, that a country, bound under the current UNFCCC

system by mitigation targets referring to emissions in production, decides to

introduce border carbon adjustments to protect its domestic industry. The border

adjustments in effect represent a (partial) switch to a consumption-based policy.

Now the country is interested in knowing whether leakage under its former

production-based or its new consumption-based policy is larger. In this case, the

country should calculate leakage for both policies with the “production formulas”

(2.8) and (2.9), as with both policies it aims to reach a mitigation target stated in

terms of production. This also is the scenario usually assumed in the CGE literature

on border carbon adjustments (see e.g. Boehringer et al. 2010, 2012; Burniaux

et al. 2010; Fischer and Fox 2012). Note, however, that a leakage measure calcu-

lated in this way provides information only about how well the policy performs in

achieving the country’s internationally agreed mitigation target, but not about

whether the policy also helps to reduce global emissions. Thus, carbon leakage in

that case is no longer an indicator of the policy’s global effectiveness. This is an
important point that so far has not been discussed in the literature on border carbon

adjustments.

The situation, however, changes if a country examines the effects of changing

both the tax and the target base—either because a switch of the global accounting

system is considered or because the country is interested in how, by pursuing a

unilateral policy, it best furthers mitigation efforts at the global level. Then, leakage

for the production-based policy should be determined by formulas (2.8) and (2.9),

and leakage for the consumption-based policy by formulas (2.10) and (2.11). For

much of the remainder of this study, exactly such a setting will be analyzed: a

switch of both the target and the tax base. Then, by applying the correct leakage

formulas, one can compare the unintended effects of the two policies as seen from a

global perspective.

2.3.2.2 Consumption-Induced Carbon Leakage

The second leakage concept, “consumption-induced” or “weak” carbon leakage,

is defined as the emissions embodied in imports of the abating region from the
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non-abating region.8 In terms of the two-region framework introduced in this

chapter, consumption-induced leakage thus equals EM (or alternatively EM3, if

one subtracts imports that are re-exported). In other words, it is the amount of

emissions discharged in the non-policy region in order to produce goods that are

consumed in the policy-region. Note that, as opposed to the definition of policy-

induced leakage, the definition of consumption-induced leakage does not assume

any specific cause why a certain amount of emissions is embodied in the imports

of the abating region; in particular, the definition does not require that weak

carbon leakage is triggered by the introduction of a climate policy (it can be,

but it need not be). Therefore, weak carbon leakage is not an indicator of the

effectiveness of a specific policy. Some authors writing on emissions embodied in

trade (see e.g. Peters and Hertwich 2006, 2008a, b) however regard a high or

increasing level of consumption-induced leakage as an indicator of a situation that

is deemed (at least implicitly) problematic for the environment or for international

climate policy, the reason being that production to meet the consumption demand

of countries with binding mitigation targets takes place in countries without

binding mitigation policies (Peters and Hertwich 2008a).9 Chapter 6 will discuss

empirical findings on the amount of and trends in weak carbon leakage. At this

point, just note that, while a high level of weak leakage may indeed be a sign of a

situation problematic for the environment, this is not necessarily the case. It is, for

example, problematic if abating countries “outsource” their production to non-

abating countries which then produce the same goods with a more carbon-

intensive technology. But in general, differing carbon trade balances (and high

levels of “weak” carbon leakage) may (and typically will) also exist in situations

that are economically efficient and where there are no external effects harmful to

the environment.

8 The concept of “weak” carbon leakage was introduced by Peters and Hertwich (2008a). They

frame their definition in terms of countries that have reduction targets under the Kyoto Protocol

(Annex B countries) and countries that do not. But, of course, this definition can be generalized to

any split-up of countries into a group that abates and another one that does not.
9 One might argue that a concept using the net amount of emissions embodied in foreign trade like

the CO2 trade balance is a better indicator of possible environmental effects of emissions “trans-

fers” through international trade than a concept like “weak” carbon leakage, which includes only

imports, but disregards exports. But Peters and Hertwich (2006), who have contributed signifi-

cantly to the development of the literature on emissions embodied in trade, object: They argue that

the CO2 trade balance mostly reflects the emissions intensity of the resource endowment of a

country. In fact, the are however interested in something else, the possibility that countries reduce

their emissions by decreasing domestic production while increasing imports.
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2.3.3 Criteria to Evaluate the Relative Performance
of Different Regions

The policy evaluation criteria discussed so far assess climate policies or trends in

the distribution of emissions between regions from a global perspective, i.e. they

ask about the advantage to the world as a whole, and not only to certain countries. In

practical policy making, however, the question of distribution, i.e. the question who

gains and who loses if a specific policy is implemented, is often more important.

When analyzing practical proposals for policies to be implemented, such distribu-

tional questions therefore cannot be neglected. This study, however, limits the

discussion of these questions to distributional effects between countries or between

groups of countries; the distributional consequences of climate policies within

countries, for example between producers and consumers, will be mentioned at

some points, but not analyzed in detail.

Two different criteria will be employed in the examination of distributional

effects: the first is the international distribution of the costs of the different policy

variants. As the analysis is performed on the aggregate (i.e. national or global)

level, costs from emission abatement can be best thought of as welfare losses. Thus

we will examine the (relative) effects of the policy on the welfare of countries or

coalitions of countries. Section 8.7 will provide a more detailed explanation of what

exactly constitutes the cost of pursuing a climate policy.

The second criterion used to evaluate the relative effects of climate policy on

individual countries or regions is competitiveness. As will be discussed in Chap. 3,

the problem of a possible loss of competitiveness for the country introducing the

policy is at the center of the political debate on unilateral climate policy—compared

to this debate, the question of the environmental effectiveness of a unilateral policy

or of carbon leakage triggered by it is often relegated to second place; sometimes

the term “carbon leakage” is even used—not entirely correctly—as a synonym for a

loss of competitiveness.

However, as Alexeeva-Talebi et al. (2007, 2) observe, “the concept of compet-

itiveness has proven hard to define and susceptible for ambiguities.” The main

reason for this is that it is often seen as a quite comprehensive concept—but if it is

measured by certain indicators, they will typically not encompass all that is

generally meant by the term “competitiveness.” Here, a rather pragmatic approach

will be adopted: the model used in the analytical part of this study is not suited to

examine all aspects of the concept of competitiveness. Therefore, one aspect will be

chosen and then a measure appropriate to gauge this aspect will be developed.

Alexeeva-Talebi et al. (2007) review much of the recent theoretical literature on

competitiveness. They suggest differentiating between competitiveness at firm,

sectoral, and national level. This study concentrates on the sectoral and the national

level. At the sectoral level, Alexeeva-Talebi et al. argue that competitiveness

resides in (i) the “ability to sell” and (ii) the “ability to earn.” For the “ability to

earn,” for example, the profitability of an industry may be used as an indicator. The

model of this study, however, analyzes a long-run competitive equilibrium, where
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firms do not make any profits. The model therefore cannot be used to analyze the

“ability to earn”—instead, the focus is on the “ability to sell”. Quirion (2010, 108)

defines the ability to sell at the sectoral level as “the capacity (. . .) of a sector of a
given country or region to increase its market share, both domestically and abroad.”

Alexeeva-Talebi et al. (2007) discuss some complex indicators of this capacity,

which compare the performance of one domestic sector to either that of all other

domestic sectors or to the performance of the same industry in other countries. Most

CGE studies, however, make use of simpler indicators like changes in output, in

exports, in imports, or in net exports (i.e. in exports minus imports)—see Chap. 5.

All of these indicators—both the complex and the simple ones—measure different

components of the “ability to sell.” All in all, there are four such components: (i) the

ability to sell of home sectors on domestic markets, (ii) the ability to sell of home

sectors on foreign markets, (iii) the ability to sell of foreign sectors on domestic

markets, and (iv) the ability to sell of foreign sectors on foreign markets (Alexeeva-

Talebi et al. 2007).

According to Alexeeva-Talebi et al. (2007), at the national level competitiveness

ought to be defined somewhat differently. In addition to the “ability to earn” and the

“ability to sell” one may also consider the “ability to attract”—referring to the

economy’s capacity to attract factors of production—and the “ability to adjust”—

referring to an economy’s ability to adapt to new circumstances. Discussing these

last two “abilities” is however beyond the scope of this study. The “ability to earn”

is defined differently at the national than at the sectoral level: at the sectoral level it

usually relates to only one type of income, profits, whereas at the national level it

includes income in general. In the analytical part of this study the effects of climate

policies on “welfare derived from consumption” will be compared. For small

changes in income, the difference between using either income or “welfare derived

from consumption” as a metric is however typically quite small (Boehringer

et al. 2012). Thus, one can interpret results referring to changes in “welfare derived

from consumption” triggered by climate policy as actually also signifying changes

in competitiveness defined as “ability to earn.” As regards the “ability to sell”, the

indicators recommended by Alexeeva-Talebi et al. (2007) for use at the national

level are different from those suggested for the sectoral level—they include the

current account, the terms of trade, the real exchange rate, and the world market

share of the exports of the country being examined. CGE studies that look at the

effects of climate policy on competitiveness at the national level or at the level of a

whole region—see Chap. 5—typically report changes to the terms of trade or the

same measures also used at the sectoral level, i.e. changes to output, imports,

exports, or net exports (which equal the current account).

The use of output as an indicator of competitiveness is debatable. Fischer and

Fox (2012, 203) suggest that one should rely instead on the change in net exports:

“Arguably, this metric is more appropriate for climate concerns, because it does not

include the lost production associated with reduced consumption at home.” A

reduction of the consumption of carbon-intensive products at home is, of course,

one of the main aims of a domestic climate policy—even though at the same time it

reduces competitiveness in the sense of the “home sectors’ ability to sell on
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domestic markets.” This study will follow the recommendation of Fischer and Fox

and will also employ the change in net exports as its indicator of the competitive-

ness effects of different climate policies. This indicator can be used at the sectoral

level as well as when examining the effects on competitiveness for a whole region.

However it must still be decided whether to measure net exports in physical units or

in value units. Fischer and Fox (2012) in a study on different anti-leakage measures

(which will be reviewed in detail in Chap. 4) use physical units, while many CGE

models report value units.

For the purpose of this study, however, the use of physical units is more

appropriate. Consider in particular exports: taxing emissions discharged in their

production will typically raise their price and thus lower the quantity demanded and

produced. Whether the overall effect on the value of exports is positive or negative

cannot be determined without knowing the specific values of the parameters of the

demand and supply functions. At any rate, the change in the value of exports

informs us only about the competitiveness effect on the economy as a whole, but

not about the competitiveness effect on the industrial sector under question—or, if

the analysis is national rather than sectoral, about the competitiveness effect on the

production side of the economy. The reason is that the economy as a whole also

receives the revenues of the emissions tax, the producers on the other hand—

whether those of just one sector or of the whole economy—do not receive these

revenues and therefore experience no advantage from the price increase triggered

by the introduction of the tax. In this study, however, the competitiveness measure

employed is meant to serve as an indicator of effects that pertain to the production

side of the economy (and not to the economy as a whole) and thus the value of (net)

exports is not an appropriate measure. Instead, a competitiveness measure will be

employed that records only changes to the physical quantity of (net) exports, but not

to the prices of exports and imports. As imports and exports are different goods, it is,

however, not possible to add up their physical quantities directly. Therefore to

determine the quantity that will in the following be labeled “net exports”, the

physical quantities of exports and imports will be weighted with the prices that

these goods have in the reference state with no policy. These prices—the weights—

are assumed to be fixed. Thus, when the change in “net exports” triggered by the

policy is determined, this change is due only to a change in the physical quantities of

imports or exports, but not in their prices. Formally, let X1i andM3j be the physical

quantities of export goods i and import goods j, respectively, and pX1i and pM3 j
their

prices in a situation without any climate policy. Net exports N are defined by

N ¼
X

i

X1i pX1i �
X

j

M3 j pM3 j
; ð2:12Þ

and the change in net exports caused by the introduction of a climate policy is given by

ΔN ¼
X

i

ΔX1i pX1i �
X

j

ΔM3 j pM3 j
: ð2:13Þ
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2.4 A Simplified Framework for Analysis

In the analytical part of this study the framework introduced in this chapter will be

further simplified: only final goods, and no intermediate ones, are assumed to be

manufactured and traded. This implies that there will be no through-trade in the two

regions—all imports find their way into final demand in Home, and all exports find

their way into final demand in Foreign. Of course, when compared to real-world

circumstances this is a substantial simplification; in fact, currently more interme-

diate than final goods are globally traded—but this simplification allows us depict

our two-region framework by using a small model that is analytically tractable.

Figure 2.4 visualizes the policy-bases of a production- and a consumption-based

policy according to this simplified framework.

Within this simplified framework, the formulas given in this chapter have also

become more simple. In particular, the production- and the consumption-based

emissions inventories are now defined as follows:

IMPORTS (X)EXPORTS (X)

PRODUCTION 
FOR 

DOMESTIC 
CONSUMPTION 

(H)

IMPORTS (M) EXPORTS (M)

PRODUCTION 
FOR 

DOMESTIC 
CONSUMPTION 

(F)

Policy base of production-based policy 

Policy base of consumption-based policy

Home’s 
production 

Home’s
consumtion 

REGION “HOME”
(POLICY REGION)

REGION “FOREIGN”
(NON-POLICY REGION)

Fig. 2.4 Production and consumption as policy base—simplified framework (Reprinted in mod-

ified form from Steininger et al. (2014, 76) with permission from Elsevier)
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EPB
1 ¼ EH þ EX, EPB

2 ¼ EF þ EM; ð2:14Þ
ECB
1 ¼ EH þ EM, and ECB

2 ¼ EF þ EX: ð2:15Þ

The formulas for absolute leakage and the leakage ratio for a production-based

policy simplify to

LPB ¼ ΔEF þ ΔEM and ð2:16Þ

lPB ¼ ΔEF þ ΔEM

� ΔEH þ ΔEXð Þ : ð2:17Þ

For a consumption-based policy, absolute leakage and the leakage ratio within

the simplified framework are defined as follows:

LCB ¼ ΔEF þ ΔEX and ð2:18Þ

lCB ¼ ΔEF þ ΔEX

� ΔEH þ ΔEMð Þ : ð2:19Þ

Finally, the change in net exports simplifies to:

ΔN ¼
X

i

ΔXi pXi
�
X

j

ΔM j pM j
: ð2:20Þ

This definition of “net exports” will be used as the measure of competitiveness in

the analytical part of this study in Chap. 8.
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Chapter 3

The Political and Legal Background

to the Discussion About Consumption-Based

Policies

Abstract The idea of switching to a consumption-orientation in international

climate policy is politically controversial and might contravene some regulations

of international trade law. The debate on these issues is typically framed in terms

of “border carbon adjustments”—the best-known method of introducing

consumption-based policies. This chapter first presents the various motivations

for advocating border adjustments: to preserve the competitiveness of industry in

abating countries, to increase the global environmental effectiveness of unilateral

abatement measures, to sanction countries not participating in an international

abatement regime, and to prevent an increase of what has become known as

“weak” carbon leakage. Then the international political debate on border carbon

adjustments is summarized: in the U.S., this debate focuses on competitiveness

concerns, whereas in the EU generally environmental motives are emphasized.

Most developing and emerging economies, on the other hand, see border measures

as unfair protectionism. As regards international trade law, border carbon measures

tread legally uncharted territory. In particular border measures extending to exports,

measures that differentiate between goods according to the amount of “embodied”

carbon, and measures used to sanction other countries or to preserve a country’s
competitiveness instead of furthering purely environmental objectives are deemed

problematic. Border adjustments can be designed such as to minimize the risk of a

legal challenge; such designs are however typically environmentally less effective.

3.1 Border Carbon Adjustments: A Politically

Controversial Idea

Since its very beginnings international climate policy has been characterized by

different levels of efforts on the part of different countries—and as a consequence

differences in the (explicit or implicit) carbon price in these countries. The first

global climate treaty that set legally binding targets for emission reduction, the

Kyoto Protocol (UNFCCC 1998), foresaw these targets for developed countries

only. At the international climate conference in Copenhagen in 2009, however,

plans to agree on a legally binding follow-up agreement to the Kyoto Protocol
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C. Lininger, Consumption-Based Approaches in International Climate Policy,
Springer Climate, DOI 10.1007/978-3-319-15991-1_3

41



collapsed. Instead, a non-binding political accord, the Copenhagen Accord

(UNFCCC 2010), was adopted. It introduced what became to be known as

“pledge-and-review” system, a climate policy architecture in which individual

countries voluntarily state the amount of their planned reduction of emissions.

For countries and groups of countries that were committed to an ambitious climate

policy, the failure of the Copenhagen conference came as a huge disappointment;

fears grew that, without a global agreement in place, international climate policy

would become ever more fragmented and that carbon prices in different countries

would drift apart even further. The UN climate conference in Durban in 2011,

however, again envisioned work on an international climate treaty, and the recent

UN conferences in Doha and in Warsaw in 2012 and 2013 affirmed that goal

(UNFCCC 2011, 2012, 2013). Still, that treaty—if ever signed—will not enter

into force before 2020. Thus, at least in the short to medium term, global climate

policy will be dominated by unilateral actions by individual countries—and a wide

array of different carbon prices.

But, even if a new global climate treaty is indeed eventually agreed upon, it will

most probably still stipulate differences in the efforts required from different

countries and thus cause differences in carbon prices. As Droege (2011) points

out, such a difference in carbon prices is a direct consequence of the UNFCCC

principle of “common but differentiated responsibilities” (CBDR)1—which, put

briefly, requires a greater abatement effort from industrialized countries than from

developing and emerging economies. Thus, unequal carbon prices can be expected

to prevail—probably with a larger spread as long as there is no global climate

treaty, but still involving substantial differences, even with a new climate

agreement.

Fears soon emerged that differences in abatement efforts, and thus differences in

carbon prices, might be detrimental to the economy of countries forging ahead with

their climate policy—or might undermine that very climate policy. The basis for

such fears was discussed in the literature on carbon leakage; and the literature on

border carbon adjustments examined one of the possible countermeasures. This

discussion did not remain a purely academic one—it was soon taken up by

politicians and also became known to the general public. This is in contrast to the

results of the literature on emissions embodied in trade. The finding by this strand of

literature that industrialized countries, while abating at home, were importing ever

larger quantities of embedded carbon from emerging economies was sometimes

mentioned in newspaper and magazine articles or blogs—sometimes with graphic

titles like “The cost of trade—rich countries are outsourcing their carbon-dioxide

emissions” (Economist 2011). Still, these results—and the countermeasure of a

1 Theoretically, the principle of CBDR can also be met by other means than by using different

carbon prices in different countries. For example, a global carbon market—leading to a single

carbon price—could be established and the different treatment of developed and developing

countries mandated by the CBDR principle could be achieved through direct income transfers

between countries. Still, the current international political discussion on mitigation policies is

dominated by approaches that would lead to differing carbon prices.
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switch to a consumption-oriented policy that is sometimes recommended—never

became the subject of such a heated political and public debate as the idea that

unilateral climate policy might have negative consequences for the countries

pursuing that policy. Thus, the terms used in the literature on emissions embodied

in trade such as “consumption-based emissions accounting” never became known

to the wider public. Instead, the political debate revolved around the arguments

discussed in the literature on policy-induced leakage and the proposal to introduce

border carbon adjustments. To understand that debate, note that the adoption of

border adjustments can serve quite different purposes:

– To preserve the competitiveness of the industry in abating countries.—This

argument has become known as “leveling the playing field” between domestic

and foreign producers (Clapp 2010). The idea is the following: taxing emissions

embodied in imports at the same level as those in domestic products equalizes

the carbon price between these two categories of products in the domestic

market and thus prevents a loss of competitiveness of domestic producers caused

by the introduction of an abatement policy. Equally, in foreign markets the

playing field between domestic exporters and foreign producers “can be

leveled”, i.e. the carbon price can be equalized, by granting an export carbon

rebate to domestic exporters, i.e. exempting their products from the climate

policy.

– To increase the efficiency, the environmental effectiveness, or the global cost-
effectiveness of a climate policy or to prevent carbon leakage.—As opposed to

the competitiveness argument, which is concerned with the relative economic

advantage of the abating region, this argument focuses on the policy’s global
environmental effects. Whether this argument actually holds is the main

research question of this study. Reasons to believe that it may hold were given

in the introduction: preserving competitiveness might also curb carbon leakage

(by removing the cost-advantage of “dirty” products). Additionally, a policy

supplemented with border carbon adjustments may be environmentally more

effective or more cost-effective due to the large amount of carbon embodied in

imports and the low costs of abatement in the industries producing these imports.

– To sanction countries not participating in an international abatement regime.—
This is an argument from game theory: trade restrictions applied to non-

participants may increase participation and compliance with an international

(climate) regime, inter alia because they deter free-riding behavior (e.g. Barrett

and Stavins 2003). Such a use of border measures as sanctions, of course, is

based on the assumption that these measures will impose costs on the countries

targeted.

– To prevent an increase in “weak carbon leakage,” i.e. of carbon imports of

abating from non-abating countries. This is an argument from the literature on

emissions embodied in trade (e.g. Peters and Hertwich 2008a, b). As mentioned

above, the arguments of this strand of literature were used mainly in the

academic debate, but rarely in the political discussion. Note that the literature

on emissions embodied in trade does not claim that climate policy is the cause of
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“weak carbon leakage.” Still, a climate policy coupled with border carbon

adjustments can—by means of changing the policy base to emissions in con-

sumption—reduce “weak carbon leakage.”

The idea of introducing border measures has been supported by, among others,

two well-known, Nobel prize-winning economists: Joseph Stiglitz (2007, 177) has

suggested that the EU should react to the U.S. decision not to ratify the Kyoto

Protocol with such measures: “[T]he countries of Europe and elsewhere could

impose countervailing duties to make up for the subsidies that American producers,

using energy intensive technologies, implicitly receive when they degrade the

global environment without paying the costs.” And Paul Krugman (2009)—writing

on the idea that the U.S. themselves employ border measures—argues that this is “a

matter of leveling the playing field, not protectionism.” Both Stiglitz and Krugman

thus recommend border measures on the grounds that they avert competitiveness

losses for abating countries—although Krugman also stresses that the measures

prevent “an inefficient outcome, even from a world point of view.”

As Van Asselt and Brewer (2010) observe, the border adjustment debate in the

U.S. is, in general, motivated largely by fears of a loss of competitiveness—and a

resulting loss of jobs—and not so much by environmental concerns. Also, the

argument to prevent free riding by countries like China and India, i.e. the “sanc-

tioning argument,” is sometimes heard. Actually, the U.S. decision not to sign the

Kyoto Protocol was already based on the competitiveness argument: Former

U.S. President George W. Bush argued that “[f]or America, complying with those

mandates would have a negative economic impact, with layoffs of workers and

price increases for consumers” (White House 2001). In contrast to Bush, his

successor in the White House, Barack Obama, has promised to take action against

climate change. Soon after his inauguration, the introduction of a federal cap-and-

trade system was envisioned. But even though Obama himself opposed border

adjustments, provisions for such measures were included in the climate bills

discussed in the U.S. Senate and the House of Representatives. In 2009 the House

finally passed the “American Clean Energy and Security Act” (Waxman-Markey

2009), which foresaw the introduction of a cap-and-trade system. Apart from

provisions to grant free emission allowances to certain energy- and/or trade-

intensive industries, this bill also required importers in certain sectors to purchase

emission allowances, i.e. a form of border adjustments. This provision, however,

would not have come into force before 2020. The corresponding proposal in the

Senate, the Kerry-Lieberman (2010) bill, also included provisions for border carbon

adjustments. This bill was, however, never passed. Consequently, plans to intro-

duce a cap-and-trade system were shelved and currently the Obama administration

pursues its climate policy not through federal legislation, but through “rulemaking”

by federal agencies like the Environmental Protection Agency based on existing

legal authority (World Resources Institute 2010). Still, as Van Asselt and Brewer

(2010, 47) note, “the debate on border measures in the US is far from over”: any

new cap-and-trade legislation can be expected to include some provision to
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preserve U.S. competitiveness—and this provision may well be some form of

border adjustment.

In Europe, the former French president, Nicholas Sarkozy, repeatedly argued

that “[w]e need to impose a carbon tax at [Europe’s] borders” and announced that

he “will lead that battle” (Hollinger 2009). But not all EU countries share that

conviction. Van Asselt and Brewer (2010, 49) list, for example, Germany as being

heavily opposed to border adjustments and describe the U.K. and the Netherlands as

skeptical; the European Commission and the European Parliament view border

measures “as a possible option, but only if international negotiations fail.” Also, as

Van Asselt and Brewer note, the arguments used in the European debate differ from

those used in the U.S.: whereas in the U.S. the emphasis is on safeguarding

competitiveness, in the EU the problem has been framed for the most part in

terms of carbon leakage, i.e. as an environmental concern. In the end, the measures

adopted to prevent a loss of competitiveness due to the introduction of the EU

Emission Trading Scheme (ETS) were not border carbon adjustments, but the free

allocation of emission allowances to industries at risk. Some authors (e.g. Droege

and Cooper 2010) suggest that, in fact, more industries have been categorized as

being at risk than are actually in this position, i.e. the EU anti-leakage policies are

overly generous. As concerns border carbon adjustment, the EU directive revising

the ETS (European Parliament and the Council of the EU 2009) mentions them only

briefly as a possible alternative to the free allocation of permits and requires that

such measures, if introduced, must conform to the principles of the UNFCCC and

obligations under the WTO agreement. But no other details are given—indicating

that, at least for the moment, no plans exist to actually implement border measures.

Van Asselt and Brewer (2010, 48) interpret this as “a clear indication of the

sensitivity of the issue.” Thus, in Europe the political pressures to adopt border

adjustments are not as strong as in the U.S. Still, the debate on such measures

cannot be expected to die down completely—at least, as long as the EU continues to

seek an ambitious climate policy.

The main reason why border carbon adjustments are such a politically sensitive

issue is that they are heavily opposed by developing and emerging economies (see

e.g. Voituriez and Wang 2011 for the Chinese position). Typically, these countries

fear that border measures will cause harm to their industry. As Droege (2011, 1193)

observes, plans by industrialized nations to make use of such measures are some-

times characterized as “green protectionism” or “eco-imperialism.” India, along

with the “Group of 77 and China,” has already called on the UNFCCC to ban the

introduction of border carbon adjustments by industrialized countries (Khor and

Jhamtani 2009). As Houser et al. (2008) and Cosbey et al. (2012) stress, border

measures will prove especially divisive if they are not used to pursue environmental

objectives, but as “sanctions”: such punitive measures would undermine interna-

tional trust and therefore might impair efforts to achieve a multilateral climate

agreement. In the extreme case, border measures used as sanctions might even

ignite a trade war.

To summarize, as long as carbon prices between individual countries differ,

there is a motivation for countries with relatively high carbon prices to introduce
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carbon border adjustments—not only for environmental reasons, but also to protect

the competitiveness of their industry. Equally, as long as the use of border adjust-

ments allows one country to achieve welfare gains at the expense of other countries,

such a policy will remain controversial. This study will not examine whether border

measures can indeed be used as “sanctions,” nor will it devote much room to the

discussion of competitiveness issues. As already stated in the Introduction, the

central question to be analyzed is the environmental effect of the introduction of a

consumption-based policy (whether by means of border adjustments or otherwise).

Still, if it proves true that such a policy switch puts developing and emerging

economies at a disadvantage, then implementing it will be controversial—even if

motivated by environmental concerns. The political feasibility of the introduction

of a consumption-based policy thus also depends on its international distributional

consequences. These will be analyzed in Chaps. 8–11. First, in the next section, a

different question will be discussed that may also affect the political acceptability

of a switch of the policy base: the question, whether such a switch conforms to

international trade law.

3.2 Consumption-Based Policies and World Trade Law

To change the orientation of climate policy from the current production-based to a

consumption-based system, governments will have to rely on measures regulated

under international trade law. This holds true irrespective of whether the policies

are implemented by means of a “simple” form of border carbon adjustments or by a

“carbon-added” regulation as discussed in Sect. 2.2.3: most design options for a

“carbon-added” system will also involve at least some tax adjustment at the border;

and all kinds of such border adjustments must comply with the provisions of the

various agreements under the World Trade Organization (WTO). Possible legal

problems can, however, be avoided if the introduction of the consumption-oriented

policy is based on a global agreement: then, if the chosen form of border adjust-

ments contravenes WTO regulations, the parties to this agreement may decide to

forego their WTO rights to challenge the agreement (Sampson 1998); they may

adopt a protocol under the UNFCCC that would override WTO rules or pass a

UNFCCC COP resolution, which would not be legally binding, but constitute

persuasive authority on WTO panels (Hoerner and Muller 1996); or they may

work directly through the WTO and amend the relevant WTO regulations (Van

Asselt and Biermann 2007).

The situation is different if a single country or a group of countries decides to

unilaterally introduce border adjustment measures. Then this country (or group of

countries) faces the risk of other countries challenging the WTO compatibility of

the measures. Some designs of border adjustments are allowed under WTO rules—

adjustments for value added tax (VAT), for example, are common; other designs,

however, are definitely prohibited. Still, as climate change mitigation policies have

never been discussed in the dispute settlement system of the WTO, the exact line of
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demarcation between permitted and prohibited measures is unclear; on many

important questions legal experts remain divided. There are several recent reviews

of the legal arguments.2 Here, however, the focus is not on the legal details. The aim

of this section is to provide a brief overview of design options for a consumption-

based policy that keep the risk of legal challenges within the WTO rather low. For

countries planning to introduce consumption-oriented policies, in most circum-

stances it seems wise to rely on such “low risk” designs: thereby they will not

only avoid possible retaliatory measures or even a “trade war”. Also, a reliable legal

environment will stabilize the expectations of producers and will thus help to

achieve the environmental goals of the policy.

Under WTO law, border adjustments for imports are treated differently from

those for exports, and adjustments for a carbon tax are treated differently from

adjustments for a permit system (Fischer and Fox 2012). Regulations for imports

mostly rely on the General Agreement on Tariffs and Trade (GATT); for exports

additionally the Agreement on Subsidies and Countervailing Measures (SCM)

applies.

Basically, there are two ways to justify border measures for imports under

GATT rules: Either they conform to the core non-discrimination principles of

Article I and III plus some rules specific to border tax adjustments in Article II

and III or, if these provisions are violated, border measures can still be justified by

the general exception clause of Article XX. If justification is sought via the first

route, the following criteria must be met: GATT Article III:2 requires that member

states must not discriminate between domestic products and “like” imports—this is

the so-called national treatment principle. And there must also not be any discrim-

ination between “like” imports originating from different trade partners (giving

them equally “most favored-nation” (MFN) status, GATT Article I:1). One of the

key questions is how the term “like” should be interpreted. Many authors agree that

GATT rules do not permit differentiation between products that are similar in all

respects except for their method of production, i.e. the use of a very carbon

intensive production technology does not make a good “unlike” another good that

has been produced employing a “clean” technology (e.g. Cosbey et al. 2012; Ismer

and Neuhoff 2007). Thus, Ismer and Neuhoff (2007, 147) argue, the border

adjustment must be the same for all products sharing the same physical qualities

and, in order to fulfill the non-discrimination requirements, it should also not be

higher than “the lowest charge incurred by any domestic producer.” This require-

ment can be made operational by calculating the level of the import adjustment

using the emissions intensity of the best available technology (BAT). Ismer and

Neuhoff recommend this approach; still, from an economic perspective, this pro-

posal is unsatisfactory: Imports are, indeed, taxed at the border, but, as “clean”

2 See e.g. Ismer and Neuhoff (2007) or WTO/UNEP (2009) for in-depth discussions; or Cosbey

et al. (2012), Droege et al. (2009), Fischer and Fox (2012) for shorter summaries. Van Asselt and

Biermann (2007) analyze border measures the EU could adopt to support its emissions trading

system. The following paragraphs of the main text are mainly based on these sources.
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imports are taxed at the same rate as “dirty” imports, the border measure may be not

very effective in environmental terms.

In contrast, Cosbey et al. (2012) argue that—as differentiation between carbon-

intense and low-carbon goods is not possible if the non-discrimination clauses are

adhered to—the second route should be chosen: justification of import adjustments

by making use of Article XX of the GATT, the article allowing “general excep-

tions” from the principles of non-discrimination. Justifying a policy under the

exception clause is a two-tier process (WTO/UNEP 2009): First, at least one of

ten possible reasons for obtaining an exception must be applicable to the policy. For

climate policy, two of these ten provisions in particular appear to be relevant:

paragraph (b) allows measures “necessary to protect human, animal or plant life or

health”; and paragraph (g) permits measures “relating to the conservation of

exhaustible of natural resources.” Second, the suggested border measures must

also satisfy the requirements of the “chapeau” (the introductory paragraph) of

Article XX: it must not constitute “a means of arbitrary or unjustifiable discrimi-

nation between countries where the same conditions prevail” or a “disguised

restriction on international trade.”

Article XX thus also clearly limits the forms of border adjustments allowed: In

particular, import border adjustment may only be used to achieve an environmental

objective, e.g. to prevent leakage. Preserving the competitiveness of domestic

industry or “punishing” or “trying to coerce” other countries are not legitimate

objectives—even if the reason for the “punishment” is that these countries refuse to

sign an international climate agreement (Cosbey et al. 2012). Also, border adjust-

ments must not be implemented at short notice: their eventual introduction must be

preceded by attempts at negotiating a multilateral solution. Cosbey et al. suggest

that these requirements can be fulfilled by the following form of import adjustment:

a tax at the level of average emissions intensity in the implementing country for

direct emissions and at the level of the average emissions intensity of the exporting

country for indirect emissions stemming from electricity production plus the

possibility for exporters to prove that they produce with lower carbon intensity

and that therefore a lower tax rate should be applied. Cosbey et al. base this

recommendation not on legal arguments alone—they also take into account issues

of data availability and the ease of practical implementation. Their proposal is

closer to what would be called for by the criterion of environmental effectiveness

than the proposal of Ismer and Neuhoff (2007) discussed above. Still, this discus-

sion shows that in order to meet the requirements of world trade law when

designing carbon import adjustments, we must be willing to compromise on

economic and environmental objectives.

The justification of export rebates under international trade law is even more

difficult than justifying import taxes. One problem is that under SCM rules adjust-

ments are allowed only for indirect taxes. Whether a carbon tax legally qualifies as

indirect tax is, however, debatable (WTO/UNEP 2009; Ismer and Neuhoff 2007)—

according to Cosbey et al. (2012) carbon taxes fall into a grey zone between direct

and indirect taxes. Also, it is unclear whether the exemptions of GATT Article XX

are applicable (Ismer and Neuhoff 2007): as export rebates in fact exempt the
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export industry of the abating country from the climate policy, it may prove difficult

to argue that they further an environmental objective. Theoretically, indirect taxes

on goods and services that are “consumed” in the production of the exported good

can be rebated (Fischer and Fox 2012). For example, a gasoline tax could qualify

for such a rebate. Cosbey et al. (2012, 17), citing Hoerner and Muller (1996),

however note that there “does seem to be a ‘gentlemen’s agreement’ (i.e. one

without legal force) within the WTO not to rebate taxes levied on inputs that are

consumed in the production process.” Actually, many of the proposals for border

tax adjustments made by policy-makers to date do not include export rebates (see

the previous section). One reason for this may be their unclear legal status. Cosbey

et al. (2012) also recommend formulating a policy without export rebates. Ismer

and Neuhoff (2007), on the other hand, do propose applying an export rebate: they

argue that it should be calculated in the same way as the import levy they propose,

i.e. using the carbon intensity of the best available technology.

Finally, if domestic climate policy does not rely on a carbon tax but on a permit

system like the EU’s ETS, further complications may arise. Pauwelyn (2007)

argues that using a border tax to adjust a cap-and-trade system may cause legal

problems, especially if it is applied to exports. Justification of a tax on imports may

be easier, but its legality is also not assured. Alternatively, import border adjust-

ments for a cap-and-trade system could be introduced not by a tax, but by requiring

importers to buy emissions allowances just like domestic firms. Brewer (2010)

argues that such a design could more easily be justified as allowable under Article

XX of the GATT. Ultimately, the legal status of the use of border adjustment

measures in conjunction with cap-and-trade system is even less clear than that of

border adjustments for carbon taxes.

Summarizing, the only way to switch the orientation of climate-policy to a

consumption-based system that is clearly legally unproblematic seems to be the

conclusion of an international agreement. Any unilateral imposition of border

adjustment measures means treading legally uncharted territory. If one is nonethe-

less prepared to proceed unilaterally, there are a number of design options for

border adjustments that appear to be legally relatively “safe”: these involve

implementing only import adjustments, but no export rebates; additionally, the

level of these adjustments would not fully differentiate between “clean” and

“dirty” products. Thus, the legally permissible designs for border adjustments fall

short of what environmental criteria would call for. Still, to be able to claim an

exception under Article XX of the GATT, the border measures must pursue an

environmental objective. Of course, as Cosbey et al. (2012) point out, there are few

policies that follow only one single motivation—nonetheless, objectives such as

preventing leakage have to be at the centre of the proposed policy. This provides an

additional motivation for the main research question of this analysis—the question

whether a switch to a consumption-based policy orientation will indeed make the

policy environmentally more effective.
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Chapter 4

Unilateral Climate Policies: The Theoretical

Economic Background

Abstract This chapter briefly reviews a number of research results from the

theoretical economic literature that help us understand the consequences of intro-

ducing consumption-based approaches in international climate policy. In the 1970s,

economists started to compare the economic efficiency of different systems of

environmental taxation in unilaterally correcting a global externality. They found

that, to be efficient, unilateral policies should neither solely rely on production

taxes, nor solely on consumption taxes, but on a combination of these two taxes or a

combination of either of these taxes with “less than full” border adjustments. With

the signing of the Kyoto Protocol, the research focus shifted to a specific form of

inefficiency of unilateral climate policies—to carbon leakage. The most important

economic “mechanisms” generating leakage were categorized as leakage channels.

This study examines four such channels: the competitiveness, the energy market,

the income, and the technology spillovers channel. Various counter-measures

against leakage were suggested; one of them being border carbon adjustments.

Recently, some authors have drawn attention to macroeconomic effects of such

countermeasures that are not depicted in standard models. One such effect is that

countries targeted by border carbon taxes might react with import substitution,

which might lead to an increase instead of a reduction of emissions.

From an economic perspective, the cause of climate change—the unrestricted

emission of greenhouse gases—is a market failure in the form of an externality.

The remedy traditionally recommended by economists is the internalization of this

external effect, i.e. pricing emissions at their social cost. This is the efficient

solution to the problem of the externality, often also termed the “first best” solution.

The discussion on tax incidence in Sect. 2.2.2 has shown that if indeed such a “first

best” solution can be implemented, i.e. if all GHG emissions world-wide are priced

equally, and if additionally all markets are perfectly competitive, the effect of the

“internalization policy” does not depend on whether it is applied to production-

based or consumption-based emissions. This result is independent of the instrument

chosen to bring about the “internalization”—it could be an emission tax, or,

equally, a quantity instrument. If, however, the “internalization policy” cannot be

implemented globally but, for example, only in one country or a coalition of

countries, it will not be possible to achieve a “first best” solution. Under these

circumstances, the equivalence between the effects of a production- and a
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consumption-based policy will also break down, as the “instrument bases” of the

two policies are now different. Both policies are only “second best” solutions, both

are less efficient than the “first best” solution—but typically they are not equally

efficient.

4.1 Optimal Unilateral Abatement Policies

Markusen (1975) was among the first economists to compare the efficiency of

different systems of environmental taxation in unilaterally correcting a global

externality. He employs a simple two-country, two-good general equilibrium

model. In this model, production results in a fixed level of pollution per unit of

output. Welfare in one of the two countries, the “domestic country,” depends on

consumption as well as on the global level of pollution. The country has three

policy instruments at its disposal: a production tax, a consumption tax, and border

adjustments (tariffs or subsidies). It will use these instruments to influence the

global level of pollution. Now, Markusen derives results for the welfare optimum of

the domestic country (but not the global welfare optimum). He shows that this

optimum can be achieved by any combination of two of the three policy instru-

ments, e.g. by combining either a production tax or a consumption tax with border

adjustments (or by combining a production and a consumption tax). Note that in this

setting neither a policy with production as its base nor one with consumption as its

base alone suffices to reach the welfare optimum—both policies need to be com-

bined with border adjustments, and these adjustments are not “full adjustments”

(in the sense discussed in Sect. 2.2.3, i.e. adjustments that achieve a complete

switch of the policy base).

The “mechanism” in that type of model, by which a country influences the level

of emissions in a foreign country, is the following: the tax imposed by the domestic

country influences the world price of the polluting good, and this price in turn has an

effect on foreign production and thus on foreign pollution. Note that for this

mechanism to work the country using it must have some “monopoly power” in

international trade, i.e. it must be able to influence international prices. If the

domestic country has no monopoly power and is limited to the use of just one of

the three instruments, it should employ a production tax. In this way it can reach the

(national) welfare optimum. By a consumption tax, on the other hand, in this setting

the country cannot influence world prices and therefore it can influence neither

domestic nor foreign production. Thus, the optimal consumption tax is zero.

Finally, if the country is limited to the use of just one of the three instruments but

has monopoly power, then—as Markusen shows—it is not possible to rank these

three “second-best” instruments in terms of welfare.

Hoel (1996) extends Markusen’s results to a more general n-country, n-good
setting. He finds that a unilaterally abating coalition of countries can achieve its

welfare optimum by combining a domestic uniform carbon tax on emissions in

production with border adjustments. Both Markusen and Hoel derive expressions
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for the optimal border tariff (or subsidy) that share the following characteristics:

they consist of a term that represents the terms-of-trade effect and an (additive)

second term that represents the effect of the border tax on foreign emissions. The

terms-of-trade term is simply the optimal tariff formula known from international

trade theory: a country that has some monopoly power in international trade can, in

general, improve its welfare by taxing its imports. Therefore it has a motive to

impose border taxes, irrespective of any effect these taxes may have on emissions.

The foreign emissions term represents the price effect on foreign emissions

described in the previous paragraph. According to Hoel, for each good this term

is proportional to (i) the domestic carbon tax and to (ii) the marginal effect that a

reduction of net imports of that good has on total foreign emissions.

If instead of analyzing the welfare of the abating coalition (as Hoel does), global

welfare is examined, then the terms-of-trade term vanishes. Thus, in that case the

optimal border tax depends solely on the foreign emissions term (Boehringer

et al. 2012). The globally welfare maximizing border carbon tax is therefore

proportional to, but not the same as the domestic carbon tax. Typically, for

different goods this border tax will in fact be different because its size depends

on its effect on foreign emissions reduction—the greater this effect, the higher the

border tax is. Also, in Hoel’s model the effect of the tax on foreign emissions

reduction is determined not only by the amount of emissions embodied in the good

examined, but also by emissions embodied in other foreign goods. This is because

the production of these other goods may increase and replace the production of the

good examined if the international price of this good is lowered by means of the

import tax. Low-carbon goods should therefore not be taxed at the border, but in

some cases even subsidized, as an increased foreign production of these goods will

crowd out the more emissions-intensive production of other foreign goods. Sum-

marizing the principal point, from a global perspective it is, in general, not optimal

to apply the same carbon price to imported and to domestically produced goods.

More recently, Gros (2009) and Gros and Egenhofer (2011) have also analyzed

the welfare effects of carbon border taxes. In contrast to Markusen and Hoel, Gros

and Egenhofer determine global welfare, and not just the welfare of the country

abating. They employ a simple, one-good, two-country partial equilibrium model.

Production of the good leads to CO2 emissions at a fixed per-unit rate. These

emissions reduce global welfare. The good examined is imported by the country

following the climate policy; and the type of border adjustment studied consists

only of an import tax (but not an export rebate, as there is no export good in this

model). The main finding of the analysis is that the introduction of the border tax

increases global welfare if there is insufficient carbon pricing abroad. In the welfare

optimum, the domestic carbon tax and the carbon border tax are, however, not equal

to the social cost of the externality, and they are also not equal to each other: the

domestic tax is higher, and the border tariff is lower than the social cost of CO2

emissions. Thus, the imposition of the optimal border tariff will not completely

“level the playing field” (as is sometimes called for by representatives of industry—

see Chap. 3) for domestic and foreign producers. In general, the optimal level of the

border tariff depends on many parameters such as the carbon intensity abroad, the
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relative sizes of the production bases in the two countries, and the elasticities of

demand and supply of the good examined.

Summarizing, the studies discussed in this section find that the optimal unilateral

policy for correcting a global externality is neither a policy with just production nor

one with solely consumption as its base, but a policy combining either of the two

approaches with “less than full” border adjustments. This study will compare the

two “pure” policy variants, the production-based and the consumption-based one,

as well as examine one variant of a “combined” policy—a policy that applies a

uniform carbon tax to the production of the abating region plus its imports. A policy

that applies different carbon tax rates to different economic sectors—the approach

found by Hoel (1996) to be the most efficient—is, however, extremely difficult to

implement practically and will therefore not be examined in this study.

4.2 Analysis of Carbon Leakage and Possible

Counter-Measures

With the ratification of the Kyoto Protocol and the introduction of the ETS in the

EU, in recent years the research focus has shifted from questions of the “efficiency

of unilateral climate policies” in general to a specific form of inefficiency—to

carbon leakage. Carbon leakage is caused by follow-on effects of the introduction

of a climate policy (again, it might be easiest to think of an emissions tax) in the

non-policy region. In general, an emissions tax will affect (i) the prices (and

quantities demanded) of the goods taxed, but also the prices (and quantities) of

substitutes for these goods (and through further follow-on effects also the prices and

quantities of most other goods); (ii) the prices and quantities demanded of inputs

into production, especially of those either causing emissions (e.g. fossil fuels) or

necessary to abate emissions, but more generally also the prices (and quantities) of

more basic inputs like capital; and (iii) the income (or the welfare) of all economic

agents. If these effects lead to a change in emissions in the non-policy region, this

change in emissions is termed carbon leakage (to be more specific: “strong” or

“policy-induced” carbon leakage). The literature on carbon leakage has categorized

the most important of these leakage effects according to the “economic mecha-

nisms” that cause them. These mechanisms have become known as “leakage

channels” (Felder and Rutherford 1993). Not all authors distinguish between the

same “leakage channels” (for an overview see e.g. Reinaud 2008; Droege

et al. 2009; Quirion 2010)—but virtually all studies on this subject differentiate at

least two such channels, the competitiveness and the energy market channel. In

addition to these two channels this study like Steininger et al. (2014) also discusses

a leakage channel known as the technology spillovers channel and a channel that

may be termed income channel. These four channels are based on the following

“economic mechanisms”:
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– Competitiveness channel (or “non-energy markets channel,” “production cost

channel”): the goods produced in the policy-region are subject to the policy, for

example a tax, and therefore become more expensive. In the policy as well as the

non-policy region, consumers buying final goods and producers buying inter-

mediate goods substitute cheaper, non-taxed goods produced in the non-policy

region for the now more expensive goods produced in the policy region. Pro-

duction in the non-policy region expands (in the short run within existing plants,

i.e. only production and trade flows are affected; in the long run additional plants

might be built, i.e. investment is also affected1), and thus emissions in the non-

policy region grow, which is carbon leakage.

– Energy market (or: fuel price) leakage channel: Most emissions stem from the

burning of fossil fuels. Climate policy leads to a drop in the demand for fossil

fuels, which (in case we are studying a globally traded type of fuel like oil) leads

to a drop of the world market price of fuel, which in turn causes increased

demand for fuel (and thus more emissions) in the non-policy region.

– Income leakage channel: due to the direct costs of the policy and through terms-

of-trade effects climate policy changes the income distribution between individ-

ual countries or groups of countries (see Sects. 8.7 and 9.2 for details). This

affects consumption (and in turn production) patterns, which then affects emis-

sions and leads to (positive or negative) leakage. Most studies of leakage,

however, do not list this effect as a separate “channel”—the studies by Burniaux

and Oliveira Martins (2012) and Gerlagh and Kuik (2007) are among the

exceptions.

– Technology spillovers channel: in the policy region, climate policy creates an

incentive to develop “green technologies,” and these then “spill over” to the non-

policy region causing a reduction of emissions—negative leakage—there. This

channel differs from the other ones insofar as it rests on dynamic incentive

effects—and not on comparative-static general equilibrium effects.2

The analytical part of this study not only examines carbon leakage, but more

generally the environmental effectiveness of a policy, i.e. not only the effects of the

policy on emission in the non-policy region, but also those in the policy region.

1 The movement of plants to regions without carbon pricing is also known as the “pollution haven

hypothesis” (Copeland and Taylor 1994). It says that higher-income countries tend to have tighter

environmental regulations. But as production costs usually rise with the level of regulation, lower-

income countries will have a cost advantage in “dirty” production. Heavy polluting industries will

therefore migrate to these countries, which will then become a “pollution haven.”
2 The four leakage channels introduced here are not the only mechanisms for carbon leakage

discussed in the literature: Quirion (2010), for example, analyzes a further effect that may work in

energy as well as non-energy markets, which he terms the “international cleaner goods channel.” It

works as follows: climate policy also raises the prices of “green goods” (e.g. bio-fuels) and thus

also causes leakage. For example, if the EU imports bio-fuels from Brazil because of a stringent

climate policy in the EU, this could raise the price of these fuels and lead to Brazilians running

more cars on gasoline instead of bio-fuels, which increases emissions in Brazil and therefore

represents carbon leakage.
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Still, like in Steininger et al. (2014), the analysis is structured by splitting up the

policy effects according to the four leakage channels introduced above—they

constitute a very convenient structuring tool. But note that the interpretation of

the channels is a little different if all policy effects are analyzed, rather than just

leakage alone. Consider, for example, the first of the channels, the non-energy

market channel: it then includes not only the unintended side-effect of the policy,

“competitiveness leakage” in the non-policy region, but also the main intended

direct effect—a reduction of emissions in the policy region.

Another conceptual framework for breaking down policy effects on emissions

has been suggested by Grossman and Krueger (1991). They did not study a change

in climate policy, but actually the environmental impact of trade opening—more

specifically of the conclusion of the North American Free Trade Agreement

(NAFTA). Their framework can however also be helpful when comparing different

climate policies—and will at some points be mentioned in this study. Grossman and

Krueger break down policy impacts into three “effects”: (i) the scale effect—the

change in emissions due to increased or decreased economic activity; (ii) the

composition effect—the change in emissions due to a change in the relative size

of the various sectors of an economy; and (iii) the technique effect—the change in

emissions due to the adoption of a less (or more) carbon-intensive production

technology.

The problem of carbon leakage under unilateral climate policy—but probably

even more the fear of loss of competitiveness—has also motivated the study of

possible counter-measures. Apart from the introduction of border carbon adjust-

ments the following options have been suggested: the free allocation of emission

permits to industries at risk (which effectively exempts them from the climate

policy), direct subsidies to producers (which, for example, compensate them for

the cost of introducing low-carbon technology), and international sectoral agree-

ments (which could, for example, impose technological standards on foreign

competitors of the domestic industry)—see, for example, Neuhoff (2008), Droege

et al. (2009), or Droege and Cooper (2010) for an overview.

The effect of such measures—and in particular border adjustments—was exam-

ined mostly with CGE models. On the other hand, only few studies exist that

employ analytical models to compare anti-leakage measures. One of these few

studies was carried out by Fischer and Fox (2012). They develop a two-country,

two-good partial equilibrium model. Climate policy is introduced by a domestic

carbon tax, which is then complemented with an import tax and an export subsidy.

The policy affects production- and consumption-levels in abating- and non-abating

countries as well as the carbon intensity of production in the abating (but not the

non-abating) region. Fischer and Fox interpret their findings as relating not to an

economy as a whole, but to individual carbon-intensive sectors. The central result is

that border carbon adjustments support competitiveness. However the effect on

global emissions is less clear-cut: whether a policy with or without border adjust-

ments leads to a larger reduction in global emissions depends on the relative carbon

intensities in the two countries studied, on elasticities of substitution, and on
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consumption volumes. The model by Fischer and Fox will serve as the starting

point for the model to be developed in this study.

4.3 Macroeconomic Effects Not Depicted in Simple Models

A number of recent papers draw attention to macroeconomic effects of unilateral

climate policies that are not depicted in standard models. Lockwood and Whalley

(2008, 1) criticize that the present debate on border tax adjustments “seems to

overlook an older literature” which was written at the time value added tax was

adopted in the EU in the early 1960s. This literature finds that (under a number of

restrictive conditions) a change from an origin to a destination principle in taxation

does not have any real effects, but only changes price or wage levels or the

exchange rate between the region applying the tax and the rest of the world (see

e.g. Grossman 1980). A change from origin to destination taxation is the same as a

change from a production tax to a consumption tax. The result on the neutrality of

such a change, however, only holds if all goods are taxed uniformly. A carbon tax,

in contrast, applies different tax rates to goods that have different carbon content.

Still, Lockwood and Whalley (2008, 4) contend that “in the current debate there

seems to be a misconception between the price level effects and relative price

effects” stemming from a border tax adjustment. They argue that the price level

effect “could likely have little or no impact on trade flows, and even offer no offset

to either leakage or competitive disadvantage” (Lockwood and Whalley 2008, 17).

Even if one does not agree with Lockwood and Whalley’s implicit claim that the

price level effect of border carbon adjustments will be quantitatively more impor-

tant than the relative price effect, and that a carbon tax can thus be analyzed in the

same way as a value added tax, there are a few lessons that can be drawn from this

debate: First, to have real effects, a carbon tax should be tied as closely as possible

to the true carbon content of all goods and not be based on a uniform benchmark.

Second, the literature on origin and destination taxation also stresses the fact that

the border adjustment on imports and exports should be symmetrical in order to

avoid distortions. Following these arguments, a border adjustment that consists

only of an import tax (as suggested in US congressional bills and also favored by

many experts on legal arguments—see Chap. 3) would be inefficient.

Criticism of the possible application of carbon border adjustments from another

angle has been expressed by Jakob and Marschinski (2013). Using a Laspeyres

index decomposition method, they partition the net flows of embodied emissions of

six large countries into four factors, which they assume to represent different

determinants of these carbon flows. The factors are the trade balance, the

economy-wide energy intensity, the economy-wide carbon intensity of energy,

and trade specialization. Trade specialization is determined by comparing the factor

content of a country’s exports with the average factor content of its total production,
i.e. a country is specialized in the production of carbon-intensive goods only if the
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carbon content of its exports is higher than the carbon content of its total

production.

Applying this decomposition method, Jakob and Marschinsky find that, for

example, in bilateral trade between the U.S. and China, 45 % of carbon flows can

be attributed to the large trade deficit of the U.S., further substantial shares are due

to the high energy-intensity of production and the high carbon-intensity of energy in

China. Only about 20 %, Jakob and Marschinsky find, can be attributed to China’s
specialization in carbon-intensive exports. For trade between China and Western

Europe, the authors obtain qualitatively similar results—although the trade deficit is

not as important. Jacob and Marschinski conclude that it would be wrong to

interpret large international carbon flows as an indication that countries like

China specialize in “dirty” production. They also contend that a carbon “tariff

leads to a reduction of carbon leakage only if the country against which it is applied

is specialized in the production of relatively carbon intensive goods” (Jakob and

Marschinski 2013, 22). Jakob and Marschinski provide no explanation why they

assume such a limited effect of carbon tariffs. One might object that a well-

designed tariff should also help to reduce some of the emissions that Jakob and

Marschinski attribute to other factors, for example, it should incentivize “dirty”

producers to use “cleaner” fuels and to reduce the carbon-intensity of their

production.

However, Jakob and Marschinski additionally argue that not only will the effect

of carbon border tariffs on global emissions be limited, but it might even be

negative, i.e. it could increase rather than reduce global emissions. This might

happen because countries targeted by border tariffs on their exports might react

with import substitution. One reason for such a reaction is the mutual dependence

between imports and exports. Typically, countries face limits to the size of their

trade deficit. Thus, if export revenues of emerging economies drop because emis-

sions embodied in these exports are taxed, these economies will also have to scale

back their imports. As a reaction, they may be forced to produce themselves goods

they formerly imported from industrialized countries, yet most likely with higher

carbon intensity. Thus, theoretically, a drop in export revenues can cause carbon

leakage. If this effect is quantitatively important, it may constitute a powerful

argument against the introduction of consumption-based policies. This issue will

be taken up again in Chap. 9.
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Chapter 5

Quantitative Studies of Carbon Leakage

and the Effects of Border Adjustments

Abstract To gauge the quantitative economic and environmental effects of a

switch from the current system of a production-based policy orientation in interna-

tional climate policy to one that is consumption-based, we currently have to rely on

studies that examine border carbon adjustments. “Full” border adjustments bring

about a complete switch to a consumption policy base; but also the many existing

analyses of “less than full” border adjustment help to clarify the consequences of

changing the policy base. This chapter reviews the respective studies. Their results

diverge—thus no definitive conclusion can be drawn on whether border adjust-

ments indeed substantially reduce the amount of carbon leakage and preserve the

competitiveness of abating countries. The effect of border measures on the cost-

effectiveness of unilateral climate policy however appears to be small; on the other

hand, such measures lead to a substantial redistribution of income between abating

and non-abating countries. This chapter argues that the main insights produced by

these studies are not the quantitative estimates per se; rather this literature strand

has made an enormous contribution to discovering the parameters and details of

border adjustment calculation and design on which their economic and environ-

mental effects depend.

The discussion in the preceding chapters suggests that a production-based unilateral

climate policy may lead to carbon leakage and may be less efficient than a

consumption-based approach. But, so far, we have not asked whether these findings

point to a mere theoretical possibility—or whether such effects are actually quan-

titatively significant in real-world situations. As we have seen, a switch of the

orientation of climate policy to a consumption base is a legally and practically

challenging endeavor—and will definitely also involve costs. Thus, such a switch

seems worth considering only if the difference between the two policy options is

not negligible in terms of environmental effectiveness or cost-effectiveness. But is

it “non-negligible”? To date, our knowledge on the correct answer to this question

is still limited—the quantitative effects of the introduction of a consumption-based

policy as such have never been examined. But in the literature on carbon leakage

and border carbon adjustments numerous quantitative studies that investigate

related questions have been produced—and we will have to rely on the findings

of these studies if we want to gain at least a rough idea of the possible quantitative

effects of a switch of the policy base.
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More precisely, the literature on (policy-induced) carbon leakage assesses the

quantitative impacts of the introduction of production-based policies, and the

literature on border carbon adjustments looks at a switch (or at least a partial one)

to a consumption-orientation of the policy. Such “partial” adjustments may fall

short of a “full” switch of the policy base along several dimensions—see Sect.

2.2.3. Still, looking at such “incomplete” adjustments is also of interest: First, at

least some of the scenarios examined in recent quantitative studies come reasonably

close to a “full” switch to a consumption-based policy orientation; and second, as

we will see in Chaps. 10 and 11, in practical terms it is quite difficult to implement a

policy that achieves a full switch of the policy base. Thus, even though the

theoretical arguments in this study always refer to such a full switch, a “partial”

switch may represent the most that can be realized by a real-world policy.

First, before we look at border carbon adjustments in detail, the first section of

this chapter will give an overview of studies that aim to quantify the problems that

border adjustments are meant to correct, i.e. either possible losses in competitive-

ness or reduced environmental effectiveness due to carbon leakage. Note, that the

“policy effectiveness discussion” in the literature is often framed exclusively

around the criterion of carbon leakage—even though, as discussed in Chap. 2,

carbon leakage is a less than perfect proxy for more informative policy assessment

criteria such as environmental effectiveness or cost-effectiveness.

5.1 Quantitative Estimates of Carbon Leakage

5.1.1 Ex Ante Studies

In recent years, the ratification of the Kyoto Protocol on the one hand and the

introduction of emissions trading in the EU on the other have created interest in

carbon leakage and the effects on competitiveness of a climate policy that is not

pursued globally. The first commitment period of the Kyoto Protocol however only

ended a short while ago—at the end of 2012—and the EU ETS entered its third

phase with substantial auctioning of emissions allowances only at the beginning of

2013. Ex post data on these two climate policy endeavours are therefore still scarce

and most studies so far rely on ex ante analyses: they use simulation models either

for individual sectors or for economies as a whole to predict the impacts of climate

policy.

Economy-wide estimates are mostly performed with CGE models. A survey of

18 such models by Gerlagh and Kuik (2007) shows leakage rates between 2 and

21 %, with one outlier of 115 %. In general, however, the magnitude of carbon

leakage declines with the size of the abating coalition. A study by the OECD (2009)

reports a leakage rate of 12 % if the European Union alone cuts its emissions by

50 %, but leakage would drop to the virtually negligible amount of less than 2 % if

all Annex I countries acted together. As Burniaux and Oliveira Martins (2012, 475)
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point out, in CGE models such as the one employed by the OECD “the relationship

between country coverage and carbon leakage is nonlinear, with small increases in

the size of the coalition leading to substantial reductions in leakage.”

There is, however, broad agreement among economists that most of the leakage

reported for countries as a whole stems from just a few trade- and energy-intensive

sectors (Droege et al. 2009; Reinaud 2008a): iron and steel, cement, aluminum,

paper and pulp, refineries, and a few other chemical subsectors. Reinaud (2008a)

reviews recent partial-equilibrium studies of these sectors—the reported leakage

rates range from 0.5 to 73 %; in one study they are as high as 70 % even at a quite

moderate carbon price of 20€/t of CO2. Quirion (2010), however, advises against

taking such ex ante estimates at face value. He points out the striking divergence of

the findings of different studies on the same sector: for example, a study by the

Boston Consulting Group (2008) reports that at a carbon price of 25€/t CO2 as

much as 80 % of the European production of clinker, an intermediate product in the

manufacturing of cement, would be replaced by imports. In contrast, a study by

Demailly and Quirion (2006) on the same sector finds a rise of the import ratio of

clinker from 3 to only 8 % at a carbon price of 20€/t CO2. Quirion (2010) attributes

the divergence between the results of the two studies to different assumptions on

capacity constraints and the market structure in clinker production. This example

may serve as a warning that, as long as there are only few ex post studies available,
our understanding of carbon leakage under real-world circumstances remains

limited.

But even if the impact of climate policy on certain economic sectors is substan-

tial, the consequences for economies as a whole may still be moderate: Hourcade

et al. (2008), for example, show that in the UK the sectors where a CO2 price of

20€/t leads to an increase in costs of more than 4 % account for only a little more

than 1 % of GDP. Quirion (2010) states that the situation seems to be similar in

most developed countries. Only in countries with a higher-than-average share of

heavy industry, such as Germany for example, does the GDP share of such sectors

reach 2 % (Graichen et al. 2008).

5.1.2 Ex Post Studies

While thus ex ante studies typically report at least some carbon leakage, only few ex
post studies were able to detect significant effects of climate policy on leakage or

competitiveness. However, the overall number of ex post analyses dealing with

GHG abatement is not very large—most of the earlier studies of the effects of

environmental policy focus on other pollutants. Jaffe et al. (1995, 157), in an

extensive review of such studies on the “pollution haven effect,” conclude that

“overall, there is relatively little evidence to support the hypothesis that environ-

mental regulations have had a large adverse effect on competitiveness, however

that elusive term is defined.” On the other hand, according to Jaffe et al. (1995,

159), “there is also little or no evidence supporting the [opposite] hypothesis that
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environmental regulation stimulates innovation and improved international com-

petitiveness.” As Karp (2011, 406) points out, more recent studies employing more

sophisticated econometric methods such as instrumental variables produce more

conclusive results—the studies suggest “that the pollution haven effect is real and

possibly large enough to be important.”

Surveys that focus explicitly on GHGs—and not just on the pollution haven

effect for other pollutants—can be found in Quirion (2010) and Venmans (2012).

Venmans reviews four studies on the first period of the EU ETS and one study on

carbon taxes in the EU and concludes that they do not reveal a significant effect of

the ETS on competitiveness. However, he argues that the 3 years of the first ETS

period (2005–2007) were characterized by over-allocation of emission allowances

as well as increasing steel, aluminum, cement, and petroleum world prices, and

additionally an economic upturn. Furthermore, as according to Venmans (2012,

5501) leakage is closely linked to long-term investment decisions, it “is difficult to

detect over the short time frame of the first 3 years of the ETS.” Quirion (2010, 113)

also reviews two of the ETS studies surveyed by Venmans plus a different study on

environmental tax reforms (Miltner and Salmons 2007) in Europe and a World

Bank (2007) study on the evolution of exports and imports in energy-intensive

industries in the OECD: “Neither study shows clear evidence of a loss in compet-

itiveness due to carbon taxes,” he summarizes. But Quirion (2010, 113) also

qualifies this conclusion by pointing out that “in every country, GHG-intensive

sectors have benefited from exemptions, lower taxes or rebates, precisely in order to

mitigate the possibly adverse competitiveness impacts.”

Another problem in drawing definitive conclusions on competitiveness and

leakage is highlighted in a study on the aluminum industry by Reinaud (2008b)—

one of the studies reviewed by Venmans and Quirion: Reinaud reports that in the

3 years after the beginning of the EU ETS three European smelters closed. But there

had also been growth in the production of aluminum outside the EU even before the

introduction of the ETS. As Reinaud (2008b, 4) argues, it is difficult to establish the

counterfactual in times when global production patterns change rapidly, i.e. it is not

clear whether the closures are due to the introduction of carbon pricing or whether

they would have happened in any case.

There is, however, one recent study that does provide evidence of carbon

leakage: Aichele and Felbermayr (2012) claim to have been the first authors to

make an econometric ex post analysis of the Kyoto Protocol. They use an instru-

mental variables estimation strategy to evaluate the effects the ratification of the

binding Kyoto commitments has had on the ratifying countries’ production-based
and consumption-based emissions. Their results are quite surprising: while a

commitment under Kyoto does indeed lead to a reduction in production based-

emission of 7 %, it does not cause any reduction of a country’s consumption-based

emissions. Aichele and Felbermayr (2012, 336) conclude that “carbon leakage due

to the Protocol’s incomplete coverage has therefore neutralized emission savings.”

In other words, the leakage rate is 100 %—not just for certain sectors, but on

average for all Annex I countries. This result by far exceeds the prediction of nearly

all ex ante studies—see above. Further econometric research will be required to

66 5 Quantitative Studies of Carbon Leakage and the Effects of Border Adjustments



explain these discrepancies. The central question will be how well various econo-

metric methods fare in “extracting” that part of the growth of consumption-based

emission in industrialized countries that is actually due to climate policy, and not

just to the general trend of rising consumption-based emissions (discussed in

Sect. 6.1).

5.1.3 Apportioning Overall Leakage: Which Channels
Are Relevant?

For an analysis of the relative importance of the individual leakage channels, we

again have to rely on ex ante models. Out of these, sectoral models often include a

lot of detail on the distinct production steps of the industry studied, but they

typically only examine one of the leakage channels: the non-energy market chan-

nel. CGE studies, on the other hand, usually also model leakage through the energy

market and the income leakage channel. However, in such models, the income

channel is very often not separated analytically from the energy and the non-energy

market channel—its effects are therefore included in the effects reported for the

other two leakage channels.

To determine the relative importance of these two channels, Gerlagh and Kuik

(2007) perform a meta-study of 17 individual CGE studies. Applying regression

analyses, they find that the global energy market is the dominant transmission

channel for carbon leakage. This result is consistent with the findings of some

individual analyses (e.g. Boehringer et al. 2010, 2014). Kuik and Hofkes (2010),

however, report a contrary finding: they estimate that if the EU proceeds unilater-

ally, leakage through the non-energy market channel is more than four times larger

than leakage through the fuel price channel. The discrepancies between these

studies may be due to the fact that in the typical CGE model the relative importance

of the two channels is actually determined by the size of the coalition that abates

(the “policy region”): in smaller coalitions, the competitiveness component, i.e. the

effects in non-energy markets, dominates; large coalitions, on the other hand, also

have a larger influence on world fuel prices—here the leakage effect through energy

markets is the dominant one (Burniaux et al. 2010).

The third leakage channel, the income channel, is discussed by only few authors.

Burniaux and Oliveira Martins (2012, 478) mention income losses of energy-

exporting economies caused by climate policy, which “would tend to create neg-

ative leakages.” Nonetheless, Burniaux and Oliveira Martins argue that “this is

likely to be a second-order effect, at least over a medium time-horizon.” In a similar

vein, Gerlagh and Kuik (2007, 3), consider income effects to be “typically negli-

gible” compared to the other channels. But neither of these authors actually presents

a quantitative estimate of these supposedly “negligible” effects. Furthermore, their

arguments refer to current climate policy and rather small emissions reduction

targets. By contrast, any mitigation policy actually capable of limiting global
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warming to 2� will involve a “substantial redistribution of wealth” (Edenhofer

et al. 2010, 69); thus there seems to be potential for this to eventually also bring

about substantial change in leakage through the income channel.

Finally, the least of all is known about the size of the technology spillovers

channel, which, apart possibly from the income channel, is the only channel that

should lead to “negative leakage.” Quirion (2010) gives the following example of

how this channel works: Denmark, Germany, and Spain followed ambitious climate

policies and, in particular, supported wind power by feed-in tariffs. This induced

rapid technological progress in this industry which reduced the costs of wind power.

The technological advances spilled over to China and led to a rapid spread of wind

power there—which may have reduced emissions in China. Droege et al. (2009, 20)

however caution that “the causal relationship between domestic carbon pricing,

technological change abroad and foreign emissions levels is still weak.” To date,

only few quantitative studies exist. Barker et al. (2007) employ a dynamic econo-

metric model of 27 European countries to study the effects of environmental tax

reforms between 1995 and 2005. They conclude that “carbon leakage is very small

and in some cases even negative, due to technological spillovers” (Barker

et al. 2007, 6281). Gerlagh and Kuik (2007) are among the few authors who attempt

to separate spillover effects from the other leakage channels. They model techno-

logical change as an increase in the “ease” of substituting between energy and other

inputs, driven by the level of the carbon price. Using a static CGE model, they find

that if 20–30 % of the predicted input substitution were due to such technological

change and not to the “traditional” form of substitution between existing technol-

ogies, and if this technological knowledge could spill over freely between coun-

tries, then carbon leakage would become zero or even negative. Gerlagh and Kuik

(2007, 18) thus tentatively conclude that “moderate levels of technological spill-

over” suffice to produce negative leakage rates. Quirion (2010, 115) reviews these

findings; he rates them as “interesting,” but still “fragile.”

5.1.4 Parameters Driving Leakage

Burniaux and Oliveira Martins (2012) aim to attribute overall leakage not only to

the different leakage channels, but explore in great detail the individual factors

driving leakage. They develop a stylized two-country, two-goods CGE model

incorporating three types of fossil fuels as well as internationally mobile capital

to perform an extensive multidimensional sensitivity analysis. One of their main

findings is that the most critical parameter for the size of leakage is the supply

elasticity of coal: if this elasticity is low, every emissions reduction in the policy

region will be met by an increase in emissions of almost identical size in the non-

policy region; leakage will thus be large and it will be virtually impossible to reduce

emissions by unilateral climate policy.

In addition, the shape of the production function also matters: high inter-factor

and inter-fuel substitution elasticities generate large carbon leakages. As regards

68 5 Quantitative Studies of Carbon Leakage and the Effects of Border Adjustments



the inter-fuel substitution elasticity between carbon-intensive coal and less carbon-

intensive oil, if this elasticity is low and (as is typically assumed) coal supply is

more price elastic than oil supply, then the demand effect dominates: abatement in

the policy-region reduces the oil price more than the coal price, and this induces the

non-policy region to consume relatively more oil instead of carbon-intensive coal,

generating even negative marginal leakage rates. The picture is different for high

inter-fuel substitution elasticities: in that case, the substitution effect dominates.

Abatement in the policy region reduces the coal price, but drives up the world oil

price, which in turn induces the non-policy region to consume more coal, thereby

increasing the carbon emissions there, i.e. causing leakage.

In a similar manner, it is also possible to produce different results for the inter-

factor elasticity of substitution between energy and other factors of production,

depending on the values assumed for the other elasticities. The central case of

Burniaux and Oliveira Martins is the following: the higher the inter-factor elasticity

of substitution, the larger the shift in the policy region from energy towards the

other factors of production. This increased demand raises the price of these other

factors; this in turn raises the price of the export good of the policy-region. The non-

policy region therefore demands less of the foreign good and shifts towards

domestic production, demanding more of the most elastic input, which is coal.

This raises emissions in the non-policy region. Thus a higher inter-factor elasticity

of substitution leads to higher leakage rates.

Burniaux and Oliveira Martins report however that the parameters characteriz-

ing non-energy markets—the (Armington) trade elasticities and the degree of

capital mobility—are not very decisive with regard to the amount of leakage. As

regards capital flows, their results actually conflict with some of the arguments

made in the debate on the possible losses of competitiveness in some energy-

intensive economic sectors. As mentioned above, this debate warns of possible

capital outflows from abating countries, as energy-intensive industries might relo-

cate to countries with a less stringent climate policy. Burniaux and Oliveira

Martins, in contrast, find that abatement policy also triggers capital inflows.

These—except where the Armington trade elasticities are very large—in fact

dominate the capital outflows due to losses in competitiveness. The inflows are

caused by the following mechanism: Abatement in the policy region leads to a

substitution towards the use of more capital. This additional demand drives up the

rate of return on capital and triggers a net capital inflow into the policy region.

The finding of Burniaux and Oliveira Martins that the degree of substitutability

between domestic and foreign goods (represented by the Armington elasticities) is

not decisive for the leakage rate contrasts with the typical conclusion drawn in the

CGE literature: “The model-based result depends crucially on the formulation of

international trade,” Boehringer et al. (1998, 17), for example, stress in an analysis

of abatement strategies for the EU, and in a similar vein Bernard and Vielle (2009,

S283), also examining climate policies for the EU, conclude that “the so-called

‘Armington elasticity’ is crucial to the size of [carbon leakage], and very few

studies and econometric estimates are available to general equilibrium modelers.”

In general, of course, the ease of substitution between domestic and foreign goods
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will be especially relevant for leakage in models in which most of the leakage

occurs through the competitiveness channel (this again will typically be the case if

the abating coalition is comparatively small—unilateral policy of the EU is such a

case). On the other hand, in models where most of the leakage occurs in energy

markets, the fuel supply and the inter-fuel substitution elasticities are comparatively

more important.

Regarding the modeling of international trade, Babiker (2005) demonstrates that

it is easily possible to produce extreme results if the typical assumptions of the CGE

literature of less than perfect substitutability of domestic and imported goods—and

some other typical assumptions such as constant returns to scale technologies and

perfect competition—are discarded. In a setting with increasing returns to scale and

homogeneity of traded products he obtains leakage rates reaching 130 %

(i.e. abatement in the policy region actually causes an increase of global emissions);

in a setting that also assumes homogeneity of traded products, but constant returns

to scale the leakage ratio still amounts to around 60 %.

Babiker’s study is a reminder that the results of all simulation models are heavily

dependent on the assumptions made and that—as the quote from Bernard and Vielle

cited above shows—there is often not enough empirical evidence available to

determine whether these assumptions reflect real-world circumstances. The find-

ings of Burniaux and Oliveira Martins, on the other hand, demonstrate another

important point: often, it will not suffice to study the impacts of one parameter or

variable at a time—the interplay of the various parameters in climate policy models

is often complicated and only their simultaneous analysis will reveal which of their

sometimes counteracting effects dominates. Overall, the leakage literature has by

now identified certain parameters that might qualify as “drivers” of leakage, but as

yet there is no unanimity about which of these parameters are the most

important ones.

5.2 The Effects of Border Carbon Adjustments

As border carbon adjustments have never actually been implemented, all our

knowledge of their effects is based on ex ante analysis. In the leakage literature,

border adjustments are usually studied as one of a number of possible counter-

measures to limit leakage and losses in competitiveness, the other such measures

being free allocation of emissions permits and direct subsidies to affected industries

(see Sect. 4.2). There is, however, no unanimity whether border adjustments in fact

help to reach these objectives.
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5.2.1 Sectoral Studies

Again, the effects of border measures have been examined in sectoral as well as

general equilibrium studies. Sectoral studies focus on leakage through only one of

the various channels, leakage brought about by policy transmission in non-energy

markets (i.e. the competitiveness leakage channel); but as mentioned above they

typically provide more detail on the individual steps of production and the market

structure of the sectors examined than larger general equilibrium analyses. One

recent sectoral study was made by Monjon and Quirion (2009; 2011): They develop

a quantitative partial equilibrium model to examine four sectors: the three leakage-

prone basic industry sectors steel, aluminum, and cement (including also the “sub-

sector” producing clinker, an important intermediate product needed to make

cement), and in addition the electricity sector, which produces a major input for

the other three sectors. For the EU ETS, they find that the introduction of “full”

border carbon adjustment would be an effective way to curb leakage: in the clinker

sub-sector, for example, the leakage ratio would drop from a value of 16 % for a

scenario where the EU reduces emissions by 14.3 % to a value of 5 % if full border

adjustments are applied. In the steel sector the effect of border adjustments is even

stronger: the leakage ratio drops from 39 to�26 %. Thus in this sector—and also in

the aluminum sector—border adjustments even produce negative leakage, i.e. a

drop of emissions outside the EU—possibly accompanied also by less emission

reduction within the EU than under an abatement policy without border measures

(see also Droege et al. 2009 for details on these results).

The “mechanisms” driving the impact of border adjustments in the model of

Monjon and Quirion—including the result of “negative leakage” in some sectors—

are quite typical for partial equilibrium climate policy models and will therefore be

explained briefly here. Basically, two main mechanisms are at work, one describing

the effect of the import tariff, and the other one giving the effect of the export

rebate. First, on the import side, extending carbon pricing to imports into the EU

reduces EU demand for these products. Hence production and also emissions in the

rest of the world decrease, meaning leakage is reduced. But apart from this income

effect of demand for the products under question there may also be a substitution

effect: if the industry in the rest of the world is more carbon intensive than in the

EU, applying the same carbon price to both the EU’s domestic production and to

imports into the EU will give the “cleaner” EU industry a relative cost advantage.

Thus, “cleaner” EU products will be substituted for more “dirty” products from the

rest of world, which increases production and emissions in the EU and further

reduces production and emissions abroad. For the rest of the world, therefore, both

the income and the substitution effect triggered by the border measures work to

reduce emissions, i.e. both effects reduce leakage—and if these effects are stronger

than the substitution effect triggered by the introduction of the original policy

without border adjustments (i.e. stronger than the “pollution haven effect”), they

produce “negative leakage”. For the EU, on the other hand, the substitution effect

triggered by the import tariff diminishes the domestic emissions reduction. In the

5.2 The Effects of Border Carbon Adjustments 71



extreme, the emissions reduction in the EU might even become negative, i.e. an

abatement policy accompanied by border measures may lead to more emissions

being discharged in the EU. But whether the import tariff actually causes a

substitution effect depends not only on possible differences in the carbon intensity

of production in the EU and abroad, but also on the question whether this difference

is reflected in different carbon prices for EU products and imported products. Thus,

substitution in the direction of the cleaner product will be triggered only if the

carbon import tax actually reflects true embodied emission—or at least a close

proxy thereof. Monjon and Quirion (2009, 2011) demonstrate this by comparing

different methods of calculating the size of the border adjustments. Apart from

these effects of the import tariff, of course, the export rebate will also have an

impact: Basically, such a rebate means that the export production of the EU is

exempt from the climate policy. The EU’s export industry will therefore produce

and emit more than in a scenario with abatement policy, but without border

measures—or produce and emit the same if compared to a scenario without any

abatement policy.

Monjon and Quirion (2009, 2011) also compare border adjustments to the free

allocation of emissions allowances (in the form of output-based rebating, i.e. the

amount of free allowances a firm receives is determined ex post by the level of the

firm’s output) as an alternative measure to curb leakage and losses in competitive-

ness. As regards competitiveness, they find that the free allocation of allowances is

more effective in avoiding production losses. But that comes at a price: the

reduction of global emissions is smaller under a policy of output-based rebating

as such a policy exempts all trade-intensive and leakage-exposed sectors from

climate policy. Monjon and Quirion (2011) therefore see output-based allowance

allocation as just a transitory solution to the problems of international climate

policy. As regards carbon leakage, the results are reversed: border carbon adjust-

ments are typically more effective than the free allocation of allowances. Note,

however, that—as discussed in Sect. 2.3.2—a decline of the leakage ratio brought

about by border measures does not necessarily signify an increase in environmental

effectiveness: as discussed above, the anti-leakage policies studied by Monjon and

Quirion also lead to a rise of production and thereby emissions inside the EU, which

(partly) neutralizes the drop of emissions outside the EU. Other studies show that

this counteracting effect can be quite strong: Bednar-Friedl et al. (2012a) study the

consequences of anti-leakage policies pursued by the EU for Austria in a general

equilibrium setting. They find that a border carbon adjustment in the form of an

export rebate (without an import tax) is effective in reducing carbon leakage but has

no effect at all on global environmental effectiveness: the increase of emissions in

Austria exactly counterbalances the reduction of emissions outside Austria.

Another recent analysis of sectoral leakage rates was performed by Fischer and

Fox (2012) in the study already briefly reviewed in Sect. 4.2. The authors study

unilateral mitigation policy followed alternatively by three different economies: the

United States, Canada, and the European Union. Using a CGE model, they obtain

values for elasticities and other parameters, which they then plug into a more simple

sectoral partial equilibrium model (which was discussed in detail in Sect. 4.2).
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Within this partial equilibrium model they calculate estimates of (marginal) com-

petitiveness and environmental effectiveness effects of border measures (and other

anti-leakage policies) for individual sectors. One of their main findings is that

border measures are always effective in supporting competitiveness (measured by

the change in net exports as a share of domestic production).

However, the answers to the question whether border measures also help to

reduce global emissions are not as clear-cut. As mentioned in Sect. 4.2, within the

partial equilibrium model of Fischer and Fox this question cannot be answered in

general—the answer depends on the parameter values specific to the sectors and

countries analyzed. Fischer and Fox study three different economies, each with

seven sectors. Overall, in the central scenario examined, border adjustments do

indeed help to increase environmental effectiveness in the vast majority of sectors.

But there are exceptions: In the US as well as in Canada, for example, in the

chemicals sector the introduction of border carbon adjustments actually increases

global emissions (as compared to a unilateral policy without border adjustments).

The reason is that in both countries the chemicals sector produces with a greater

emissions intensity than in the rest of the world. Thus, the border adjustments

actually protect a sector that does not contribute to the global effectiveness of the

policy. This result demonstrates just how crucial differences between abating and

non-abating countries with regard to emissions intensity are for improvements in

environmental effectiveness.

Also, a sensitivity analysis performed by Fischer and Fox (2012) demonstrates

that the results on environmental effectiveness are actually quite susceptible to a

change of the parameter values. If one assumes, for example, that the own-price

elasticity of exports from the policy region is actually twice as large as in the central

scenario (in which the parameter estimates obtained from the CGE model were

used), the implementation of border adjustments causes a rise rather than a fall of

global emissions in many sectors. A high own-price elasticity of a good, of course,

means that that the demand for this good reacts strongly to carbon pricing—for such

a good carbon pricing is therefore a very effective policy tool. If such a good is

taken out of the scope of the policy by an export rebate, a very effective abatement

option is lost, making the policy on average less effective. By a similar argument,

doubling the own-price elasticity of imports would make the border adjustments

more effective. Fischer and Fox warn that their highly aggregated data may not

adequately represent the quite narrow set of sectors actually at risk of leakage.

Parameter estimates therefore have to be treated with some caution, and therefore

cases where border adjustments actually decrease global environmental effective-

ness cannot be excluded—even though, according to the analyses of Fischer and

Fox, such cases are the exception rather than the rule. At any rate, in nearly all

sectors examined, border measures are more effective than the alternative anti-

leakage policy studied: output-based rebating.

Even though many model-based studies thus see border measures as the policy

tool of choice to reduce carbon leakage, authors discussing the practical implemen-

tation of anti-leakage measures do not recommend their application for all sectors at

risk of leakage. For example, a Carbon Trust (2010) report drawing on the results
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obtained by Monjon and Quirion (2009) identifies border adjustments as the most

appropriate policy option for the cement sector only. For the aluminum sector the

report recommends supporting domestic smelters by an investment subsidy, which

may be tied to an obligation to use low carbon electricity and to adopt the best

technologies available. The reason why the Carbon Trust opposes border measures

in this case is that the calculation of the appropriate taxes and rebates would be very

complex: in aluminum production most emissions are indirect—they stem from the

production of the electricity used for smelting. Equally, for the steel sector, too, the

Carbon Trust advises against the use of border measures in the short run and instead

recommends the (benchmarked) free allocation of emissions permits. In this sector,

the authors of the study argue, border carbon adjustments could be introduced in the

medium term. To be effective, these adjustments, however, would need to differ-

entiate between different steel products and different production technologies, and

the adjustments would have to consist of an import tax as well as a (legally more

problematic) export rebate. Even though the adjustment regime—in contrast to the

aluminum sector—would not require taking indirect emissions into account, it

would still be quite complex. The Carbon Trust advises against unilaterally impos-

ing such complex (and legally controversial) adjustments and instead recommends

negotiating them internationally. This would require time—but in the meantime the

domestic steel industry could be supported by free emissions permits. Summing up

these recommendations, Droege and Cooper (2010, 51) note that “sector charac-

teristics differ greatly (. . .). Subsequently, the nature of the risk of carbon leakage

will also differ and cannot be addressed by one single policy tool.” Thus, even

though simple analytical models typically rank border carbon adjustments as the

best anti-leakage policy, this ranking often does not carry over to real-world

situations: due to legal, practical, or political problems with the implementation

of border measures, many authors advise against their use in some economic

sectors.

5.2.2 General Equilibrium Studies

As opposed to sectoral studies—which, as we have just seen, regard border adjust-

ments as at least theoretically effective, if not always easy to implement—general

equilibrium studies provide vastly diverging results: some find border carbon

adjustments effective in reducing carbon leakage (e.g., Burniaux et al. 2010;

Boehringer et al. 2011; Winchester et al. 2011; Bednar-Friedl et al. 2012b), or in

protecting the competitiveness of the industry in the policy region (e.g. Mattoo

et al. 2009; Alexeeva-Talebi et al. 2010; Kuik and Hofkes 2010), or in achieving

both (Manders and Veenendaal 2008; Boehringer et al. 2012a). Other studies,

however, report only small overall effects (Dong and Whalley 2009; McKibbin

and Wilcoxen 2009), or either little success in reducing leakage (Babiker and

Rutherford 2005; Peterson and Schleich 2007; Boehringer et al. 2010; Antimiani

et al. 2013), or in curbing losses in competitiveness (Burniaux et al. 2010). Note
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again that even if a study finds the introduction of border adjustments effective in

reducing carbon leakage that does not per se imply that the adjustments also

improve the environmental effectiveness of the policy—as noted above the increase

of emissions in the policy region caused by the border adjustments may outweigh

the reduction of emissions in the non-policy region. One CGE analysis that does

report such an effect is the study by Dong and Whalley (2009): in all its central

scenarios (carbon pricing plus border adjustments either by the EU, or by the US, or

by both the EU and the US) the leakage rate drops, but global emissions increase.

5.2.2.1 Leakage Channels

The large divergence in the results of the CGE studies listed above can be traced

back to a number of various factors: First, CGE studies include not only the effects

of the policy in non-energy markets (the competitiveness leakage channel), but also

those in energy markets (and additionally also income effects—but these are

usually not reported separately). There is general agreement that border adjust-

ments may help to curb leakage in non-energy markets, but that—as Boeters and

Bollen (2012, S181) put it—leakage in energy markets “cannot systematically be

influenced by border measures.” Boehringer et al. (2010) note that import tariffs

might have at least some small effect on leakage in energy markets, as foreign

production is taxed. Still, in all CGE analyses the main effect of border measures is

observed in non-energy markets; thus, in studies where most of the carbon leakage

takes place via international energy markets, border adjustments are less helpful in

reducing this leakage than in studies where leakage mainly takes place in non-

energy markets. Additionally, as all CGE studies attribute at least some portion of

leakage to policy effects in energy markets, the reported impact of border adjust-

ments will be lower than in sectoral studies—which, as we have seen, do not model

energy market effects.

As discussed above, which share of leakage can be attributed to effects in

energy-markets and which to effects in non-energy markets, depends inter alia on

the size of the coalition following the mitigation policy: if this coalition is small,

Burniaux et al. (2010) argue, most leakage occurs because of losses in the interna-

tional competitiveness of the coalition’s products, i.e. through the non-energy

market leakage channel, rather than because of a decline in world fuel prices

triggered by the coalition’s policy. The reverse holds true if the coalition pursuing

the policy is large (as a share of the world economy). Therefore, border adjustments

tend to be more effective in curbing leakage for small coalitions, for example they

might be quite effective for a scenario where the EU unilaterally pursues a climate

policy, but less so if all Annex I pursue the policy.
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5.2.2.2 Model Structure

A second reason for the divergence in the results of different CGE studies is much

more difficult to identify—it relates to differences in the representation of the

production chain from raw materials via intermediate products to final products

and to the international trade links at these different steps in the production chain,

i.e. to differences in the details of the structure of various models. For example, the

model of Burniaux et al. (2010) produces the unusual result that border measures do

help against leakage, but do not curb output losses incurred by the domestic energy-

intensive industries. This is due—at least partly—to the fact that the energy-

intensive industries of industrialized countries rely heavily on intermediate inputs

produced by energy-intensive industries in emerging economies. Border measures

tax these imports of intermediate products from emerging economies and thus

increase the costs of production in the policy region.

Boeters and Bollen (2012) point to another possible difference between CGE

models that relates to the structure of models: in most CGE models, fuel supply is

modeled by a CES production function, in which a natural resource is treated as a

fixed factor. The consequence of this is that the elasticity of fuel supply varies

systematically with the level of fuel supply, which brings about further possible

difficulties: first, as already mentioned, it seems plausible to assume that leakage

rates decrease with coalition size—simply because, as Boeters and Bollen (2012,

S187) put it, “the part of the world where leakage can take place is shrinking.” This

monotonic relationship, however, does not hold under the CES formulation of fuel

supply. Second, in the CES fuel supply case, marginal leakage rates increase

sharply with the strictness of the emissions reduction targets. Boeters and Bollen

remark that both of these features are model artifacts that lead to a model behavior

typically not intended by the modeler. They suggest using a function that has a

constant elasticity of fuel supply instead of the typical CES formulation with a fixed

factor. With this formulation, the competitiveness channel becomes relatively more

important for overall leakage; and the difference between the two functional forms

is greatest if the abating coalition is large. Border adjustments, on the other hand,

are most effective for small coalition. Thus, the practical consequences of using one

or the other formulation are not that great for border adjustments; nevertheless,

border adjustments are somewhat more effective under the constant-elasticity-of-

fuel-supply specification. Taken together, the examples of the model of Burniaux

et al. (2010) and the critique of Boeters and Bollen (2012) demonstrate that much of

the difference between individual models is to be found where it is most difficult to

detect at first sight—in functional forms and the intricate interrelationships assumed

among the functions of the model.
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5.2.2.3 Import Tariffs vs. Full Carbon Adjustments

As discussed in Chap. 3, the introduction of export rebates might be legally more

problematic than the introduction of import tariffs. A further important question

therefore is whether import tariffs would suffice to improve the environmental

effectiveness of a policy, or whether additionally export rebates might be needed.

The inclusion or exclusion of export rebates is a third aspect in which the CGE

studies listed in the first paragraph of this section differ. Here, those studies that

compare both options—border adjustments with and without export rebates—will

be briefly reviewed.

Mattoo et al. (2009) examine an emissions reduction of high income countries by

17 %. They compare a policy with an import tariff only to one with an import tariff

and an export rebate. Both the tariff and the rebate are based on the emission

intensity of the abating coalition. As far as environmental effectiveness is

concerned, the authors find little difference between the introduction of the tariff

alone and the introduction of both measures: the policy leads to a reduction of

global emissions of 9.3 % without border adjustments, of 9.8 % with the import

tariff, and of 10 % with both the import tariff and the export rebate. These figures

suggest that it is mostly the import tariff that triggers additional global emissions

reduction; the export rebate is not as effective. For competitiveness, however, the

relative importance of the effects of the two measures is reversed: the output of

energy-intensive manufacturing within the climate coalition falls by 2.3 % if the

policy is introduced without border measures, it drops by only 1.5 % if an import

tariff is added, and it does not decline at all if both the tariff and the rebate are

introduced. Note, however, that the weaker effect of the import tariff as compared

to the export rebate may be due to the fact that the tariff rate is based on the

emissions intensity in the abating coalition, and not on the much higher actual

carbon content of the products taxed.

Boehringer et al. (2010) compare an import tariff, an export rebate, and the

combination of both measures, i.e. full border adjustment, for unilateral abatement

policies of either the EU, or the US, or both. As opposed to Mattoo et al. (2009) they

base the import tariff on the actual embodied emissions of the imported goods, and

not on the emissions intensity of similar domestic goods. For all three climate

coalitions studied, the authors find that the import tariff leads to a larger reduction in

global emissions than the export rebate, and that the combination of both measures

causes an even larger reduction in global emissions. Boehringer et al. (2010, 20)

explain the stronger effect of the import tariff as opposed to the export rebate inter
alia by the fact that the tariff “can differentiate among regions, so that production of

energy-intensive goods in regions with very carbon-intensive production is partic-

ularly penalized.” Of course, this form of targeted “penalizing” works only if the

tariff is based on actual embodied carbon. As regards its effect on competitiveness,

for all three climate coalitions the import tariff is on average more important than

the export rebate—within the coalitions, however, certain sectors exist where this

ranking is reversed, for example the chemicals sector in the U.S.
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Alexeeva-Talebi et al. (2010) study border tax adjustments for the EU. They find

that while the adjustments have only rather limited environmental impacts, they do

have substantial competitiveness effects. Furthermore, the ranking of the different

forms of border adjustments is not the same for all EU states: if the import

adjustments are calculated using EU emissions intensities, then the EU15—the

group of those states that have been members since before 2004—would prefer the

export rebate to the import tariff, whereas for the group of the 12 new EU member

states the import tariff represents the more attractive option. As expected, for both

groups of EU states a combination of import tariffs and export rebates reduces the

negative competitiveness impacts even further than any of the measures applied

alone. And if the import tariff is based on the comparatively higher average sectoral

carbon content of non-EU countries, both groups of EU states would benefit more

from the import tariff than the export rebate. For the EU15, the introduction of the

policy accompanied by either the import tariff or both the tariff and the export

rebate would even lead to an increase of output in the EU instead of a drop. The

reason for this is that the carbon intensity is far higher outside the EU than inside

it. Imports into the EU will therefore face a higher tax than domestic products,

which causes substitution towards domestic products and an increase in domestic

production.

Finally, border adjustments consisting of both import tariffs and export rebates

have also been contrasted to an “import-tariff-only” policy by a recent Energy

Modeling Forum (EMF) comparison of 12 different CGE models—summarized by

Boehringer et al. (2012a). The finding is that the efficiency and equity impacts of

both policies are very similar. Boehringer et al. (2012a, S104–105) argue that “the

main reason is that the abatement coalitions under consideration are large net

importers of embodied carbon, such that export rebates play a secondary role.”

Again, this result relies on the use of country-specific carbon coefficients rather

than the carbon coefficients of the abatement coalition to calculate the import tariff

rate. To summarize, this kind of result appears to be typical for CGE studies of

unilateral climate policy by industrialized countries: if the import tariff is based on

the true carbon content of the imported good, then the import tariff tends to be

quantitatively more important than the export rebate in both lowering leakage and

minimizing competitiveness losses.

5.2.2.4 Calculating the Carbon Content

As the preceding paragraphs have shown, the way in which the size of the border

tariffs and rebates is calculated critically influences their effect. A number of such

calculation methods have been used in the literature—we thus have a fourth aspect,

in which the CGE studies listed in the beginning of this section differ. A full switch

from production- to consumption-based accounting would, of course, require that

the calculation of border tariffs and rebates should exactly mimic the calculation of

the domestic carbon tax. As has been discussed in Chap. 3, that may, however,

cause legal problems—and, due to the complexity of determining the amount of
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carbon embodied in many goods, it may also not be practicable; additionally,

political considerations might also call for the use of a different formula to calculate

the tariff or rebate rate (for a detailed discussion of these issues see Chap. 10). Thus

it is of enormous practical importance to understand the effects that the different

methods used to calculate the tariff and rebate rates have on leakage and

competitiveness.

Mattoo et al. (2009) compare a border tax based on the carbon content of

comparable domestic products to one based on the true carbon content of imports.

In their model, leakage rates are very low and thus the difference in the impact of

the two options on leakage is negligible. But the choice between the two methods

for calculating the border tax has huge consequences for competitiveness, trade

flows, and the distribution of the tax burdens: if high income countries reduce their

emissions by 17 % and introduce a border tariff (but no export rebate) based on the

carbon content of imports, this would fully address competitiveness concerns of

producers in high income countries, but it would result in a decline in manufactur-

ing exports from China by 21 %, and from India by 16 %. As a consequence,

welfare in China would drop by 3.7 % and in India by 1.4 %. Mattoo et al. (2009, 3)

characterize this as “a ‘nuclear option’ in terms of trade consequences.” On the

other hand, according to Mattoo et al., border adjustments based on the carbon

content of domestic production (which is lower by far than the content of imports)

would, especially if applied symmetrically to both exports and imports, still allow

producers in high-income countries to regain most of the competitiveness lost due

to the climate policy. But the trade and income consequences for emerging econ-

omies would be less serious: manufacturing exports from China and India, for

example, would only decline by 1.8 % and 2.1 %, respectively.

Kuik and Hofkes (2010)—like Mattoo et al. (2009)—also compare border

adjustments based either on the emissions of similar domestic products or on the

average emissions in the exporting country, but in contrast to Mattoo et al. for both

options they include only direct emissions, and furthermore they limit the applica-

tion of border adjustments to two sectors especially at risk of leakage, steel and

mineral products. For the EU pursuing a unilateral climate policy, they find that

border adjustments are especially effective in reducing leakage in the steel sector:

the sectoral leakage rate drops from 35 % without border adjustments to 29 % with

border adjustments based on EU carbon coefficients, and to 2 % with adjustments

based on foreign carbon coefficients. In the minerals sector the effects are some-

what smaller, but still substantial. For the EU economy as a whole, however, the

border adjustments do little to remedy the problem of carbon leakage: the leakage

rate falls from 10.8 % without adjustments only to 8.2 % even if the border tax is

calculated using the larger foreign emission coefficients. The reason for the

relatively small impact of the border adjustments on the macro leakage rate is

that most of the leakage in the model stems from the energy market channel—and

this channel is affected only little or not at all by the border measures. Kuik and

Hofkes therefore conclude that border measures—at least if calculated using

foreign carbon content—are effective in protecting the competitiveness of individ-

ual sectors, but not very effective from an environmental point of view.
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A very detailed assessment of the various design options for border adjustments

was recently carried out by Boehringer et al. (2012b). They examine only import

tariffs (no export rebates), but these are varied along three dimensions: the first is

whether the tariffs are calculated taking into account only direct emissions, or direct

emissions plus indirect emissions from electricity inputs, or total embodied emis-

sions. The second dimension relates to the sectors included—only energy-intensive

and trade-exposed ones or all sectors. And the third dimension differentiates

between using the sectoral carbon content of the policy-region, or the average

sectoral carbon content of the whole non-policy region, or the average sectoral

carbon content of the region where the imported product originates (i.e. the non-

policy region is broken down further into different regions with differing carbon

coefficients). The analysis is performed for three different coalitions pursuing the

abatement policy: the EU alone, all Annex 1 countries except Russia, and all Annex

1 countries except Russia but including China. The main result is the following: the

more complex and detailed the system to determine the tariff, the more effective the

border measures in curbing leakage, and the more cost-effective the policy on a

global level. Thus it is important that the policy includes all sectors, not just energy-

intensive ones, that the tariff is calculated using the carbon content of non-coalition

technologies (although there is little difference between taking non-policy region

averages and further differentiating between the country of origin of the good

examined), and that not only direct emissions, but also emissions from electricity

inputs are included (however, further extending the emissions base by including all

embodied emissions does not make a big difference). All these differences are

especially pronounced for small climate coalitions. For example, for a unilateral

climate policy of the EU, the leakage rate without import tariffs is 17 %. It falls

slightly, to around 16 %, if an import tariff is introduced that is based on direct

emissions within the EU, but quite substantially to around 8 % if the tariff is based

on all embodied emissions (using the carbon coefficients from the region where the

good was produced). Boehringer et al. (2012b, S143) conclude “that systems more

likely to comply with international law yield very little in terms carbon leakage and

efficiency.” To summarize the results of the three studies on tariff design just

discussed: simple, easy-to-calculate tariffs that might conform to WTO law might

suffice to protect the competitiveness of trade-exposed sectors, but apparently they

achieve little in terms of environmental effectiveness.

Another dimension of border tariff design was studied by Bednar-Friedl

et al. (2012b): the question whether the inclusion of process emissions—in addition

to fuel combustion emissions—is relevant when calculating border adjustment

rates. Industrial process emissions are emissions set free not by burning fossil

fuels, but by other chemical processes employed in producing certain goods—

emissions from coke conversion in steel production and from clinker production are

the most important examples. Overall, only some 10 % of global production

emissions are process emissions—they are therefore neglected in many CGE

studies on leakage and border carbon adjustments. Bednar-Friedl et al., however,

note that process emissions are discharged predominantly in sectors that are prone

to carbon leakage: for example, in the iron and steel and in the cement sector they
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account for roughly half of the sector’s emissions. Thus, the inclusion of process

emissions is important in calculating the overall leakage rate of an economy. For a

unilateral emission reduction of the EU by 20 %, Bednar-Friedl et al. find that

carbon leakage in a model with combustion emissions amounts to only 29 %, but if

process emissions are included, the leakage rate increases to 38 %. Furthermore,

border carbon adjustments are found to be roughly twice as effective in reducing

leakage if process emissions are correctly accounted for. This strong effect is due to

the fact that the inclusion of process emissions allows a more accurate and com-

prehensive targeting of the sectors truly responsible for leakage.

5.2.2.5 Producer Response

Closely related to the design of border measures is the question how producers in

non-abating countries will react to the imposition of a border carbon adjustment.

Winchester (2012) compares four possible variants of “producer response” for a

scenario where most industrialized countries reduce their emissions by 20 %. In this

study, the border adjustment consists of an import tariff only. It is based on fuel

combustion emissions; process emissions are not accounted for. Producers are

assumed to react rationally to the policy introduced—their choices are, however,

dependent on how exactly the border tax is imposed and which technological

possibilities they possess. Winchester’s approach will be reviewed here in some

detail, as the analytical part of this study (see Chaps. 7–9) will examine similar

possibilities of producer reaction.

In Winchester’s first scenario firms regard the border tax as an output tax on their

exports. As Winchester points out, this is actually a formulation adopted in many

CGE studies of border adjustments. It mimics a situation where the calculations on

embodied emissions are never or rarely updated: the carbon intensity of each

industry is assessed once; then this carbon intensity, the carbon price in the abating

coalition before the introduction of border adjustments, and data on current export

volumes are used to calculate the border tax amount. Thus the firm cannot lower its

tax burden by adopting a cleaner production technology. In the second scenario the

firm also regards the tax as an output tax on exports, but now the carbon intensity is

determined endogenously in the model. This scenario is supposed to mimic a

probably not very realistic case—embodied carbon calculations are regularly

updated, but firms do not realize that they can reduce their border tax charges by

reducing emissions. As opposed to the first scenario, in this scenario firms however

adapt their input choice to the change in energy prices triggered by the introduction

of the border adjustments.

In the other two scenarios, firms view the border adjustments as an emissions tax

rather than an output tax. They thus realize that their tax burden depends on the

“cleanness” of their production. These scenarios mimic a situation where the

embodied carbon measures used to compute the tax are frequently updated. Firms

can change the emissions discharged in production by altering their factor employ-

ment shares: they can substitute among different energy commodities with different
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carbon content, and they can substitute other inputs for energy commodities. This

setting is subdivided into two scenarios: one scenario—scenario number 3 in our

overall scenario count—assumes that firms can run separate production lines for

different markets, i.e. they will still employ the same technology (represented by

the shape of the production function) for all markets, but they will use different

input shares for production for the non-coalition domestic market and for produc-

tion for exports. In that case, the border tax will motivate firms to change the input

mix and thus the emissions discharged only in export production. The production

lines producing for the domestic market of non-coalition countries, on the other

hand, are not affected by the tax (or at least not directly). Finally, the fourth scenario

assumes that such a differentiation of production lines is not possible—firms have

to use one production line for goods shipped to all markets. All goods of a sector in

the non-abating countries are therefore produced with the same input mix and the

same emission intensity. Winchester observes that in this case the border adjust-

ments effectively apply a carbon price to all non-coalition production that equals a

parameter α times the carbon price prevailing in coalition countries, where α is the

share of exports to the coalition in overall non-coalition production. This means that

the emission intensity in all non-coalition production, and not just in export

production, is reduced by the border measures, but the size of the reduction in

emissions intensity is smaller than that in scenario 3 (in which the carbon price is

applied only to export production).

The main results of Winchester’s analysis are as follows: In the central simula-

tion case of the study, leakage amounts to 24.8 % for an abatement policy without

border measures, to 16.3 % in scenario 1 (border tariff works as export tax), to

15.7 % in scenario 2 (border tariff works as export tax, but emissions intensity is

endogenous), to 15.1 % in scenario 3 (border tariff works as emissions tax, different

production line for exports), and to 5.1 % in scenario 4 (border tariff works as

emissions tax, only one aggregate production line). As might be expected, leakage

reduction is thus larger if not only non-coalition export volumes are reduced, but

non-coalition firms also react by adjusting the carbon intensity of production, i.e. in

scenario 3 and 4. But what explains the big difference in leakage reduction between

scenarios 3 and 4? According to Winchester it is driven by the convexity of the

marginal abatement cost functions (which are implicit in the model): such a

functional form implies that a small carbon price applied to a large emissions

base induces a larger decrease in emissions than a large carbon price applied to a

small emissions base. Another result is that the scenarios with the lowest leakage

rate—scenario 3 and, especially, 4—are also the ones that result in the smallest

increase in production in the abating coalition relative to an abatement policy

without border adjustments. Winchester (2012, 358) stresses that this implies that

“policymakers face a trade-off between leakage and competitiveness concerns.”

Summarizing the main conclusions, Winchester’s study finds that technological

possibilities and the way in which the carbon content in traded goods is determined

are of huge importance with regard to the environmental effectiveness of border

adjustment measures. Again, the measures are more effective if the tax depends on

the true carbon content of the goods under question. Only if producers can influence
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their tax charges by altering their emissions, does the policy incentivize the

adoption of cleaner production methods.

5.2.3 Cost-Effectiveness

As we have just seen most CGE studies of border tax adjustments examine effects

on carbon leakage and competitiveness; only few, on the other hand, compare

policies in terms of cost-effectiveness—even though, as was argued in Sect. 2.3,

as a criterion cost-effectiveness has a greater informative value than carbon leakage

or environmental effectiveness. Among these few exceptions are the study by

Boehringer et al. (2010) and the EMF model-comparison study (Boehringer

et al. 2012a) discussed in the subsection on “import tariffs vs. full carbon adjust-

ments” in this chapter. Both studies proceed by keeping the global emissions

reduction constant across the policy scenarios compared. Then the costs in terms

of welfare gains or losses in each scenario are determined—the scenario with the

least costs will be the most cost-effective one.

Boehringer et al. (2010) find that for global emissions reductions between 4 and

6.6 % achieved through either unilateral policy of the U.S. or of the EU, or of both

the U.S. and the EU, the differences in welfare effects among the policies compared

are very small for the world as a whole—the global costs of a policy without

adjustments, a policy with an import tariff, one with an export rebate, and one with

both a tariff and a rebate differ by far less than 0.1 % of world consumption.

The EMF model-comparison study produces similar results: the introduction of

border adjustments—an import tariff and an export rebate—in the 12 models being

compared brings about global cost savings between close to zero and 18 % with a

mean value of 8.5 %. Boehringer et al. (2012a, S102) give two reasons for this

modest improvement in cost-effectiveness: first, “import tariffs applied to the

industry-average of embodied carbon do not incentivize polluters in unregulated

countries to adopt less emission-intensive production techniques.” Thus, once again

the way in which the border tariffs are calculated is crucial. The second reason

listed by Boehringer et al. (2012a, S102) is that “exporters in unregulated countries

can, to a certain extent, also re-route their products from countries that levy carbon

tariffs to unregulated markets.” Note that although the introduction of border

adjustments in the 12 models being compared is not very effective in improving

cost-effectiveness, it helps in reducing leakage: the leakage rate drops from a

12-model average of 12 % to 8 %, i.e. by a third. Thus, as Boehringer

et al. (2012a, S100) remark, border carbon adjustment does indeed help “to

reallocate emissions between the abating and the non-abating countries in the

‘right’ (cost-saving) direction.” Still, even though the direction is “right,” the size

of the impact on costs is—as we have just seen—rather small: A leakage reduction

of a third leads to a cost reduction of only 8.5 %.
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5.2.4 International Distribution of the “Burden”
of the Policy

As the previous subsection has demonstrated, the global cost-saving resulting from

the introduction of border adjustments appears to be small; nonetheless in many—

but not all—CGE models the border adjustments lead to a substantial redistribution

of the burdens of the policy: the abating countries typically experience welfare

gains, the non-abating countries losses. In the EMF study just discussed

(Boehringer et al. 2012a) the burden sharing ratio measured in percentage GDP

loss for the abating countries over the percentage GDP loss for the non-abating

countries amounts to about 3:1 for the mitigation policy without border adjust-

ments, but this ratio drops to 1:1 if border adjustments are introduced. Note that the

non-abating countries have to bear some of the cost of the policy even without

border adjustments. According to Boehringer et al. (2012a) this is due to terms-of-

trade changes—the ratio of the non-abating countries’ export prices to their import

prices deteriorates. Also, non-abating countries suffer from a reduction of the

economic activity in abating countries caused by the introduction of the policy.

These two effects in most—but not all—of the 12 models compared outweigh any

gains in comparative advantage that the non-abating countries might experience

due to carbon-pricing in the abating countries. If border adjustments are introduced,

the terms-of-trade of non-abating countries worsen further. The countries that under

the assumptions of the EMF study suffer the most severe welfare losses—both from

the original policy and the policy including border adjustments—are oil exporting

countries.

Other studies draw similar conclusions: for example, Mattoo et al. (2009) report

a welfare loss for China of 3.7 % if a policy of reducing emissions in high-income

countries is accompanied by an import tariff based on embodied carbon in the

imported goods. The same policy without the import tariff would lead to a welfare

loss in China of only 0.2 %. In the same vein, Babiker and Rutherford (2005) and

Boehringer et al. (2011) also find strong distributional effects of border carbon

adjustments. Boehringer et al. (2011), studying a 20 % emissions reduction for the

OECD countries, even report that for these countries the terms-of-trade gains are

larger than the abatement costs—thus the OECD countries, on average, experience

a net welfare gain from introducing a climate policy accompanied by border

adjustments compared to a scenario with no climate policy.

An opposite result is, however, reported by Peterson and Schleich (2007): in

their study, the introduction of border adjustments slightly increases the costs to the

EU of meeting its Kyoto targets. The reason for this finding is that the border

adjustments lead to an increase of the output and therefore the emissions of the

sectors protected by the adjustments. In order not to exceed the EU-wide Kyoto

emissions limits, other sectors have to abate more. The border adjustments in that

way shift the burden of abatement from protected to non-protected sectors, which

drives up the abatement costs. Obviously, such an effect can indeed occur in a

setting where the abating region is bound by an emissions reduction target referring
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to the production-based emissions of that region, but is less likely in a setting where

the aim is to meet a global emissions reduction target, as in the EMF model-

comparison study discussed above (Boehringer et al. 2012a).

Dong and Whalley (2009) report a result where not only the abating, but also the

non-abating countries experience welfare gains from the introduction of border

adjustments, i.e. a result that differs from the findings of most of the other CGE

studies. In the model of Dong and Whalley, welfare is not only derived from

consumption, but also depends on damage by global warming. The introduction

of border adjustments in their model, however, leads to a smaller global emissions

reduction compared to an abatement policy without border adjustments—the wel-

fare gains reported for non-abating countries in the scenario with border adjust-

ments therefore cannot be due to a reduction of damage by global warming, but

must be caused by changes in consumption. The likely explanation for these—

compared to other models—“untypical” welfare gains is as follows: Dong and

Whalley also report results for a scenario where the border adjustments consist

only of an import tariff, but no export rebate. In that case the non-abating countries

suffer a welfare loss. If, however, an export rebate is also applied, a welfare gain is

instead reported. From this, we can conclude that the effect of the export rebate

outweighs the effect of the import tariff. And there is an obvious reason for the

comparatively small effect of the import tariff: As opposed to the EMF comparison-

study (Boehringer et al. 2012a), the model of Mattoo et al. (2009), or the model of

Boehringer et al. (2011), in Dong and Whalley’s (2009) model the import tariff is

not based on the (comparatively larger) true carbon content of the imported goods,

but on the (comparatively smaller) carbon intensity of similar goods produced in the

importing country. Thus, the import tariffs in the model of Dong and Whalley are

far lower than those in the other studies just listed, and therefore also the welfare

effect of these smaller import tariffs is smaller. At any rate, this finding suggests

that the oft-repeated assertion that developing countries will suffer welfare losses as

a result of the introduction of border adjustments by industrialized countries may

not apply in all cases.

Note also that the distributional effects of the introduction of border carbon

adjustments have an influence on the size of carbon leakage—through the “income

leakage channel”. If, as many studies find, developing and emerging countries

suffer welfare (or income) losses due to the border measures, this will reduce the

demand of these countries and thus also their domestic production, thereby causing

“negative leakage.” To the knowledge of the author, to date no studies exist that

attempt to quantify this effect. Boehringer et al. (2011, 2), however, mention such

income effects and note that “part of the effectiveness of tariffs stems from the fact

that they are harmful to countries subjected to them”—or to put it even more

bluntly: making heavily polluting emerging economies poorer will help the

environment.
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5.3 Conclusion

While there seems to be some agreement among economists that carbon leakage

might pose a problem for a narrow set of energy-intensive and trade-exposed

sectors, views on its quantitative importance for entire economies diverge.

“Given the absence of historical experience with meaningful carbon restrictions,

we do not have data to do the kind of empirical work used to estimate the pollution

haven effect for other pollutants,” Karp (2011, 416) observes. The task at hand is

not to evaluate past policies, but to look into the future, to assess GHG abatement of

an extent without precedent. That there is no unanimity about the consequences of

such a policy is therefore probably only natural. Simulation models have been

employed to estimate leakage rates in such a situation—but as this chapter has

shown, the results heavily depend on the assumptions made and not all authors feel

comfortable with the empirical basis of these assumptions. How difficult it is to say

something definite about the magnitude of carbon leakage under these circum-

stances is reflected in another quote by Karp (2012, 23–24), who, after reviewing

the empirical literature and analyzing various theoretical partial- and general-

equilibrium models, concludes: “My best guess is that [leakage] will be small or

moderate, but neither the theoretical nor empirical basis exists for asserting this

with confidence.”

If, as often in the literature, the problem of carbon leakage is used as the main

argument for the introduction of border carbon adjustments, then we are in trouble:

we cannot even say for sure that carbon leakage indeed is a problem of some size;

hence, we also do not know whether a “solution” for this problem is required,

i.e. whether the introduction of border adjustments or a switch to a consumption-

based policy orientation should even be considered. Still, one might argue that most

of the studies reviewed in this chapter examine quite moderate emission reduc-

tions—usually of a size not exceeding 20 %. The IPCC (2007, 776), on the other

hand, argues that industrialized countries should reduce their emissions by 80–95 %

until 2050 if we do not want to exceed the 2� global warming threshold. It seems

reasonable to assume that with such stringent abatement targets carbon leakage will

turn into a “real” problem in the not too distant future. But even if we allow for this

argument and therefore accept the need for a “solution” for the problem of carbon

leakage, as has been summarized in the first paragraph of Sect. 5.2.2, there is no

agreement in the literature whether the introduction of border adjustments qualifies

as such a solution that in fact helps against leakage.

What about the other arguments for a consumption-orientated policy listed in the

introduction to this study? Some articles that belong to the literature on border

adjustments not only discuss carbon leakage but also cost-effectiveness. But, as we

have seen, they conclude that the cost-difference between consumption- and

production-based policies is rather small. These studies, however, also provide

explanations why the cost difference is so small: due to details of the calculation

of the border tariffs and the producer response triggered thereby on the one hand,

and due to the possibility of a redirection of trade flows to third countries on the
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other. But such arguments immediately raise a question: is it possible to design

border measures in such a way as to avoid these problems with limited producer

response and a redirection of trade flows? And could in this way a sizeable cost-

advantage be achieved for a consumption-oriented policy?

Actually, the main insights produced by the quantitative literature on leakage

and border adjustment are not the quantitative estimates per se—these differ too

much between individual studies as to allow definite conclusions. But that strand of

literature has made an enormous contribution to discovering the parameters, the

scenario details, and the details of border adjustment calculation and design on

which the cost-effectiveness of a policy depends—or similarly, a reduction of the

leakage rate depends. In that way, the findings of this literature strand are

immensely helpful for answering one of the central research questions of this

study: the question which design and scenario requirements a consumption-based

policy would have to meet in order to stand a chance of improving environmental

effectiveness and cost-effectiveness as compared to a production-based policy.

This question will be addressed in numerous passages in the remainder of this

study. Here, the main findings from the quantitative border adjustment literature

will be recapped briefly—it should however be kept in mind that all these finding

are tentative and that in many cases other studies exist that come to the opposite

conclusion. But, in general, border adjustments seem to perform better at improving

the competitiveness of the country imposing the measures than in preventing

leakage. For both leakage and competitiveness, the measures are more effective

for small abating coalitions, i.e. in a setting where most of the leakage occurs

through the competitiveness leakage channel. To reduce leakage, the adjustments

should be definitely applied to imports; an export adjustment on the other hand

apparently does not have equally large quantitative effects. Also, the effect in

improving environmental effectiveness is larger, the larger the emissions intensity

in non-abating countries compared to that in abating countries, the larger the

elasticity of demand for imports (from non-abating countries), the smaller the

substitutability between domestic goods and imports, the smaller the elasticity of

demand for exports, and the larger the substitutability between exports and goods

produced in non-abating countries. The calculation of the size of the tariffs is

crucial: to be effective, the policy should be imposed on all sectors, not just

carbon-intensive ones; the tariffs should be based on true embodied carbon (or at

least a close proxy thereof), and not on the carbon-content of similar products

produced in the abating coalition; and—as concerns indirect emissions—at least

those from electricity production should be included. Process-related emissions

should also be taken into account. To provide incentives for the adoption of clean

technologies, it is especially important that carbon import taxes are not based on

some industry average of carbon intensity, but that each individual producer has the

possibility to reduce her tax burden by switching to a “cleaner” production method.

To that end, the measure of embodied emissions for each good should be frequently

updated, and not fixed for long periods of time. Finally, the introduction of border

adjustments leads to a huge redistribution of the burdens of the policy—in the

typical setting of most studies to the disadvantage of developing and emerging
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economies. This improves environmental effectiveness in most CGE models, but

might also lead to countervailing environmental effects (see Sect. 4.3), which are

not discussed in that strand of literature. To conclude, it should be noted that all

effects studied by the quantitative literature on border carbon adjustments relate to

leakage through the competitiveness, the energy market, and the income channel.

The impact of border adjustments on technological spillover-effects has so far not

been analyzed quantitatively.
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Chapter 6

Literature on Emissions Embodied in Trade

Abstract This chapter critically reviews the findings of the “literature on emis-

sions embodied in trade” on the desirability and consequences of adopting

consumption-based approaches in international climate policy. This literature

strand has established that emissions transfers via international trade from emerging

to industrialized countries are large and increasing. In the last decades, industrial-

ized countries have managed to stabilize their production-based, but not their

consumption-based emissions. Some authors deem this worrying for the environ-

ment and they suggest that a switch to a consumption-orientation in climate policy

might serve as a remedy: it would bring a larger share of global emissions into the

scope of the policy, would reduce “weak” carbon leakage, and could further the

diffusion of “clean” technologies. This study points out that although these argu-

ments have their merits, they cannot guarantee that consumption-based policies are

environmentally more effective than production-based ones. Another central argu-

ment of the literature on emissions embodied in trade is that consumption-based

policies may be “fairer”, as not only producers, but also consumers are “responsi-

ble” for emissions. In this study it is however argued that our assessment of

“responsibility” should not determine the choice between production- and

consumption-based policies; rather, in order to promote justice, we should look at

the distributional effects of each of the policy variants.

The second major strand of literature that discusses consumption-based accounting

and a consumption-based policy orientation is the literature on emissions embodied

in trade. Emissions embodied in trade (EET) are quite a new field of research: the

first articles on this topic relating to GHG emissions were written in the late 1990s.

One major contribution of this strand of literature was to refine the methods by

which consumption-based emissions inventories for whole countries could be

estimated: the “top-down approach” to determine embodied emissions was

established, an approach that relies on environmentally extended input–output

analysis (see Sect. 2.1.2 for a more detailed explanation). These relatively new

methods were employed first to estimate the emissions embodied in imports (EEI)

and exports (EEE) for single countries; later also models representing the whole of

global trade relations were developed. All these models have produced one com-

mon “stylized fact”: industrialized countries are increasingly becoming carbon

importers—in the last decades they mostly managed to stabilize their production-
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based, but not their consumption-based emissions. The empirical findings on this

international trend, which under certain conditions can be seen as environmentally

worrying, will be the subject of the first section, Sect. 6.1. Section 6.2 discusses

proposals on how, under such circumstances, the environmental effectiveness of

climate policy can be improved. Then, in Sect. 6.3, a question will be discussed that

has recently attracted much interest in the literature on emissions embodied in trade,

the question: “Who is responsible for emissions—the producer or the consumer?”

This question relates to the debate on how commitments and burdens of an

abatement policy should be apportioned between countries in order to achieve a

just outcome. Section 6.4 concludes.

Prior to discussing these issues in detail, however, one more general point should

be briefly mentioned: the literature on emissions embodied in trade does not only

discuss attributing the emissions embodied in goods to either the producer or the

consumer—recently also a third, and, one might argue, even a fourth option for

attributing emissions has been suggested. First, note that in the life-cycle of a

product more economic agents are involved than just the producer (or rather: the

many producers contributing to the supply chain of a product) and the consumer:

also, at each stage of production, primary inputs are needed. Thus, the emissions

embodied in a product can also be attributed to the suppliers of primary inputs

(i.e. to the suppliers of the factors of production). Two different variants of this idea

have been suggested in the literature: Lenzen and Murray (2010) and Marques

et al. (2012) propose assigning the emissions embodied in a good or service to all

inputs involved in its production in proportion to the relative costs of these inputs.

Lenzen and Murray (2010, 269) provide the example of a road freight business:

“[A] supplier of $1,000 worth of insurance policies to a road freight business is as

responsible for the emissions of the trucks exhausts as the supplier of $1,000 worth

of trucks, or the supplier of $1,000 worth of diesel.” They point out that all these

inputs “enable” the road freight business to operate. Therefore, they introduce the

term “enabled emissions” for emissions attributed to primary inputs. Referring to

the same emissions measure, Marques et al. (2012) instead speak of “income-based

responsibility for emission.” They thereby aim to stress that the suppliers of

primary factors benefit from emissions because they receive income in return.

This third emission measure—besides the production- and the consumption-based

emissions count—can, of course, not only be applied to individual products or

businesses, but also to whole countries: the “income-based responsibility” of a

country provides information on the amount of emissions “enabled” in order to

generate the country’s income through wages, profits, and rents.

As opposed to Lenzen and Murray (2010), Marques et al. (2012), and Davis

et al. (2011) introduce a somewhat different concept (the “fourth concept” for

attributing emission mentioned above): they attribute emissions not to all primary

inputs, but just to the input of fossil-fuel, i.e. they trace emissions back to the

country where the fossil fuel, which, when burned, caused the emissions, was

extracted. This emission measure is termed “extraction emissions.” These two

additional emissions measures—“enabled emissions” and “extraction emissions”—

can, of course, also be used for crafting new variants of climate policy, for example
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emissions could be regulated at the point of fuel extraction (Davis et al. 2011). Here,

these options will however not be discussed in detail—the focus of this analysis is

consumption-based emissions measures.

6.1 Trends in Emission Transfers via International Trade

Over the past decade, a number of studies have compared production-based emis-

sions inventories of different countries to consumption-based ones—seeWiedmann

et al. (2007) and Wiedmann (2009) for comprehensive reviews. Besides specific

findings relating to individual countries, these studies reveal a common character-

istic of international carbon transfers: emissions embodied in goods are exported

mainly from emerging economies to consumers in developed countries. For exam-

ple, Davis and Caldeira (2010), using 2004 trade and emissions data, find that 23 %

of global CO2 emissions are traded internationally. The largest carbon exporting

countries or regions are China, Russia, the Middle East, South Africa, Ukraine, and

India; and the largest importers are the U.S., Japan, the UK, Germany, France, and

Italy. These carbon transfers through trade reinforce the existing global disparity in

per-capita emissions: typically, countries with low production-based per-capita

emissions have even lower consumption-based per-capita emissions and countries

with high production-based per-capita emissions have even higher consumption-

based per-capita emissions. In some wealthy countries like Switzerland, Sweden,

Austria, the UK, and France more than 30 % of consumption-based emissions were

imported, Davis and Caldeira find.

Furthermore, there are huge differences in the carbon intensity of trade between

carbon exporters and carbon importers: The mean CO2 intensity of Russia’s
exports, for example, amounts to 2.43 kg CO2/$, and for China the corresponding

figure is 2.18 kg CO2/$. On the other hand, the exports of countries that are net

carbon importers are much “cleaner”: in Germany and the UK, the CO2 intensity of

exports amounts to 0.21 kg CO2/$, and in France to only 0.17 kg CO2/$, Davis and

Caldeira find. Theoretically, a high carbon intensity of a good can be due to two

factors: either the choice of fuel, i.e. the use of a carbon-intensive fuel like coal in

production, or a low value of the good per unit of energy required to produce

it. Davies and Caldeira show that as regards the exports of emerging economies

both of these factors contribute to the overall high carbon intensity. The second

factor, the low value of the goods per energy input, of course partly stems from the

fact that developing and emerging economies make different types of goods: on

average emerging economies produce more basic commodities, whereas industri-

alized countries produce more goods that are higher-up the value-added chain. But,

even if one compares similar products, differences in carbon intensity are substan-

tial. Peters and Hertwich (2006), for example, estimate for the case of Norway that

one would underestimate emissions embodied in imports by a factor of 2.5 if one

were to assume that imports were produced with Norwegian technology.
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A further central finding of studies comparing various countries’ production-
based to their consumption-based emissions inventories is that the carbon flows

between countries are not stable over time: the reported disparities are growing,

i.e. in industrialized countries consumption-based emissions are increasing,

whereas production-based ones have, on average, stabilized over the past two

decades. Thus these countries are becoming ever larger importers of carbon. The

reverse side is that emerging economies are becoming larger and larger carbon

exporters. Peters et al. (2011) develop a method to obtain annual estimates for

emissions embodied in trade from 1990 to 2008 from the scarce data available

(global multiregional input-output tables have been calculated only for a few

years—Peters et al. make use of such tables compiled for 1997, 2001, and 2004).

They find, firstly, that the share of “traded emissions” in overall emissions grows: in

1990, 20 % of global emissions were transferred between countries by means of

trade in goods and services; in 2008 the figure was 26 % of global emissions. Thus,

“traded emissions” increase faster than overall global emissions—the respective

annual growth rates are 4.3 and 2 %. If, instead of overall global trade, only trade

between developing (non-Annex B) and developed (Annex B) countries is consid-

ered, the changes are even more pronounced: according to Peters et al., the net

emission transfers from non-Annex B to Annex B have grown from 0.4 Gt CO2 in

1990 to 1.6 Gt CO2 in 2008. This amounts to an average annual growth rate of 17 %.

And Peters et al. point out that their method of calculation actually even underes-

timates the true amounts of emission transfers between developing and developed

countries, as it considers only trade between two individual countries, but does not

trace back the whole global supply chain of every product through multiple

countries.

It is also interesting to look at the sectoral break-down of emission transfers

provided by Peters et al. (2011): trade in non-energy-intensive manufactured

products dominates the emission transfers between non-Annex B and Annex B

countries—as Peters et al. (2011, 4) remark, “despite the policy focus on energy-

intensive manufacturing.” As concerns energy-intensive manufacturing, the study

of Peters et al. reveals that trade patterns have reversed in the period examined of

almost two decades: in the early 1990s, developed countries were small net

exporters of emissions from energy-intensive manufacturing, but by now they are

substantial importers.

Results for Austria fit this general pattern: Muñoz and Steininger (2010) estimate

that the carbon content of Austrian consumption was 36 % larger than that of its

production in 1997, and already 44 % larger in 2004, and that in 2004 one third of

emissions embodied in imports originated in non-Annex I countries. As Steininger

et al. (2014) remark, thus even in countries with significant energy-intensive

industries like Austria (or France) carbon embodied in imports far outweighs

carbon embodied in exports. For countries with only a small share of basic

industries, the wedge between consumption- and production-based emissions is

even larger—in Switzerland, for example, the consumption-based emissions mea-

sure is twice as large as the production-based one (Steininger et al. 2014).
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As discussed in Sect. 2.1.1, the difference between the consumption-based

emissions inventory and the production-based one equals the balance of emissions

embodied in trade, and this balance is, in turn, closely related to the leakage-

measure introduced by Peters and Hertwich (2008a)—“weak” carbon leakage.

“Weak” leakage is defined as the CO2 emissions embodied in imports from non-

Annex B countries to Annex B countries. As compared to the balance of emissions

embodied in trade between these groups of countries, weak carbon leakage thus

only considers imports of developed countries, but disregards exports. Peters and

Hertwich (2008a) calculate leakage figures for a data set of 87 countries for the year

2001. They report two leakage measures: first, weak carbon leakage normalized

with respect to the total production-based emissions of a country or region,

expressed in percentage terms; and second, weak carbon leakage normalized

relative to the total emissions embodied in imports of a country or region, also

expressed in percentage terms. Using the first measure, the authors find that weak

leakage from the Kyoto Protocol region amounts to 10.8 %. For smaller, trade-

exposed countries the reported values are larger, for example 29.4 % for Belgium

and 21.1 % for the Netherlands. For larger, more self-sufficient countries, on the

other hand, this leakage measure is typically smaller, for example 9.6 % for the

U.S. The second leakage measure compares carbon embodied in imports from non-

Annex B countries to overall carbon embodied in imports. It is typically larger for

countries located far away from other Annex B countries, for example 61.7 % for

the U.S. and 68.5 % for Japan. In contrast, for countries that border other Annex B

countries and therefore mostly trade with other Annex B countries, like most EU

countries, the reported values are smaller, for example 33.4 % for Germany or

17.7 % for the Czech Republic.

For individual countries sometimes the weak carbon leakage measure favored by

Peters and Hertwich and the balance of emissions embodied in trade (BEET)

reported by most other authors point in different directions: for example, for

Australia, Peters and Hertwich (2008a) calculate a BEET (expressed as a percent-

age of production-based emissions) of 16.5 %. Thus, Australia exports more carbon

than it imports, which is untypical for industrialized countries. The reason is that

Australia is a large exporter of natural resources. The value found for weak carbon

leakage out of Australia (relative to total production-based emissions), 8.6 %, is

however more in line with the results for other large industrialized countries. For all

industrialized countries taken together, however, both measures convey the same

picture: the BEET is negative, i.e. there is a net flow of emissions embodied in trade

from developing to industrialized countries; and weak carbon leakage is substantial,

i.e. a non-negligible fraction of CO2 emissions consumed in Annex B countries is

not produced there.
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6.2 Policy Proposals Focusing on Environmental

Effectiveness

Many authors writing in the field of emissions embodied in trade have suggested

making use of consumption-based emissions inventories in climate policy. Most of

these suggestions are motivated by one of the following two arguments: Either the

current system of territorial emissions-accounting and corresponding policy design

is considered “unfair”, or it is assumed that improvements in environmental effec-

tiveness can be achieved by relying on consumption-based emissions measures.

“Fairness” will be the topic of Sect. 6.3. First, in this section, arguments relating to

environmental effectiveness shall be discussed. Many of these arguments have been

formulated by Peters and Hertwich (2006, 2008a, b).

6.2.1 Leakage and the Share of Global Emissions Targeted
by Climate Policy

Firstly, Peters and Hertwich (2008b, 57) argue that using consumption-based GHG

inventories may be “the key to reducing carbon leakage.” They refer to their own

concept of carbon leakage, i.e. “weak” carbon leakage, the emissions embodied in

imports of Annex B countries from non-Annex B countries. To start with, note that

the literature on emissions embodied in trade does not claim that either “weak”

carbon leakage or a negative balance of emissions embodied in trade of industrial-

ized countries is caused by abatement policy. On the contrary, Peters et al. (2011, 5)

state that “the likely cause of the large emission transfers (. . .) are pre-existing

policies and socioeconomic factors that are unrelated to climate policy itself.”

Nakano et al. (2009, 26) perform a sensitivity analysis on trade flows and find

“that the recent globalization of industrial activity has had a significant impact on

the discrepancies between production- and consumption-based emission mea-

sures,” i.e. with growing trade flows the BEET of industrialized countries has

also increased in absolute value. And Muñoz and Steininger (2010, 2003) argue

that “[t]here may be other factors, such as cheaper labor, lower standards of

other environmental policy or the availability of specific physical resources in

non-Annex I parties, which make foreign production more profitable.” In general,

however, the literature on emissions embodied in trade does not investigate the

causes of the large and increasing negative BEET of industrialized countries in

any detail.

But even though it is thus claimed that traditional, production-based climate

policy is not the cause of “weak” carbon leakage, Peters and Hertwich (2008b)

suggest that pursuing a consumption-based climate-policy can nonetheless reduce

leakage. Basically, a consumption-based policy will either price carbon embodied

in imports in some way or put other restrictions on imported carbon. Thus, if the

demand for imports is not completely price-inelastic, “weak” carbon leakage will

indeed be reduced by a policy targeting consumption.
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But there is a more fundamental problem with an approach that advocates a

reduction in “weak” carbon leakage on environmental grounds. As argued in Sect.

2.3.2, a negative BEET of industrialized countries or a large amount of “weak”

carbon leakage is not per se a sign of an environmentally worrying situation. Also

in a situation where all negative environmental externalities are internalized, the

BEET and “weak” leakage will typically not equal zero. Hence, reducing “weak”

carbon leakage—without further qualification—is not a legitimate aim for climate

policy. A legitimate aim for climate policy would be to reduce that part of “weak”

carbon leakage that is due to (not internalized) environmental externalities. One

might assume that Peters and Hertwich actually have only such a reduction in mind.

Still, environmental measures that could affect the exports of developing and

emerging economies are, as Droege (2011, 1197) remarks, “traditionally perceived

as potential protectionism” by these countries; and as “there is little trust to build

upon,” it seems advisable to be precise when advocating such measures in order to

avoid political conflicts.

Also note that while the notions of “reducing leakage” in the literature on

emissions embodied in trade and in the border-adjustment literature are somewhat

related concepts, they are not the same: in the border-adjustment literature, the

leakage concept used is “strong” carbon leakage and “reducing leakage” means

avoiding an unwanted side-effect that is triggered by the climate policy introduced.

In the literature on emissions embodied in trade, on the other hand, the leakage

concept employed is “weak” carbon leakage. It refers to an effect not necessarily

triggered by climate policy, and thus in this case “reducing leakage” means using

environmental policy to stem against trends that probably have completely different

causes.

Also, as Peters and Hertwich (2008b) note, the introduction of a consumption-

oriented policy will, admittedly, reduce “weak” carbon leakage, i.e. reduce carbon

imports by industrialized countries, but carbon leakage will shift to exports instead,

i.e. the carbon exports of industrialized countries will grow. Thus, whether a

consumption-based policy will reduce global emissions by more than a

production-based one depends on the relative amounts of the reduction of “leakage

through imports” compared to the increase in “leakage through exports.” Peters and

Hertwich, using trade and emissions data, however, establish that there is currently

less carbon leakage in exports than in imports (i.e. there are less emissions embod-

ied in the exports of industrialized countries than in their imports; thus, as discussed

in Sect. 6.1, the BEET of industrialized countries is, on average, negative). “[A]t

least in the short term, it is [therefore] likely the majority of emissions embodied in

global trade are captured by consumption-based GHG inventories,” Peters and

Hertwich (2008b, 57) conclude. And from this they also deduce a further argument

in favor of a consumption-oriented policy approach: by following a consumption-

based policy developed countries “take a greater share of current [global] GHG

emissions and consequently emission [reduction] commitments for developing

countries are not as important.”

Let us briefly analyze this chain of reasoning. Peters and Hertwich do not specify

what exactly they mean by saying that emissions reduction commitments by
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developing countries are “not as important.” But let us assume they have in mind

“important” in achieving the aim stated at the outset of their analysis, “a long-term

stabilization of greenhouse gas concentrations” (Peters and Hertwich 2008b, 51).

Thus, apparently the argument is that under a consumption-based policy the

difference in environmental effectiveness between a policy followed by all coun-

tries and a policy followed only by industrialized countries is not as large as under a

production-based policy. Assuming that the environmental effectiveness of a pro-

duction- and a consumption-based policy is the same if all countries are included,

this statement implies that if only industrialized countries abate, then the

consumption-based approach is the environmentally more effective option, i.e. it

leads to a larger reduction of global emissions. But can we indeed draw such a

conclusion? Actually, this is not possible: the fact that the amount of emissions

embodied in imports is larger than that in exports does not allow us to infer that the

reduction of emissions will also be larger if a policy targeting imports is adopted

instead of one that targets exports. Basically, the size of the emissions reduction in

absolute terms will depend both on the amount of emissions targeted (the size of the

emissions base the policy is applied to) and on the effectiveness of the policy in

reducing emissions per unit of emissions targeted. The argument discussed by

Peters and Hertwich relates only to the amount of emissions targeted—but does

not take into account the “per-unit-effectiveness” of the policy. To give an example,

including emissions embodied in imports in the scope of the policy will not help to

increase emissions reduction, if imports are completely price-inelastic and their

amount does not change in response to the policy. This argument will be addressed

in more detail in Sect. 8.4.1.

To summarize, of course the fact that, as Peters and Hertwich (2008a, 1402) put

it, much of “Annex B consumption is produced in countries without binding

mitigation policies in place” seems worrying at first sight. Still, not all international

emission transfers take place because non-Annex B countries have turned into a

“pollution haven”; and thus not all of “weak” carbon leakage is a problem that

needs to be fought. An economic approach would call for differentiating between

“efficient” international carbon transfers and carbon transfers that are triggered by

negative environmental externalities. Therefore, we need to draw a subtle distinc-

tion: reducing “weak” leakage (i.e. the carbon imports from developing and emerg-

ing economies) without any further qualifications cannot be justified as a legitimate

aim of environmental policy; applying a carbon price to these imports, on the other

hand, can be justified on environmental grounds. In principle, bringing a larger (and

increasing) share of global emissions into the scope of climate policy by switching

to consumption-based GHG accounting appears to be a very attractive option. But

again, we need to pay attention to the fact that expanding the emissions base of a

policy does not automatically increase the policy’s effectiveness. Only if one

assumes that the “per-unit” effectiveness of a consumption-based policy is not

(substantially) lower than that of a production-based one, the arguments given by

Peters and Hertwich (2008b, 57) on the “greater share of current GHG emissions”

covered by a consumption-based policy will suffice to guarantee that a switch to

such a policy will indeed be environmentally beneficial on a global level.
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6.2.2 Comparative Advantage and Technology Diffusion

Apart from the two arguments on “reducing leakage” and “reducing the importance

of emissions commitments for developing countries”, Peters and Hertwich also

present a number of arguments that are actually similar to the ones discussed in the

border-tax literature. A third argument is that “consumption-based GHG invento-

ries may shift comparative advantage away from pure economic measures to one

that also includes environmental factors” (Peters and Hertwich 2008b, 58). What

the authors have in mind is that under a production-based policy the countries that

are part of the climate coalition are “punished” for pursuing the policy, as their

products become more expensive. For the buyer, there is a price incentive to buy the

cheaper products from non-coalition countries, even if they are produced with a

higher emission-intensity than the products from coalition countries. Under a

consumption-based policy, on the other hand, for the consumer (or buyer of

intermediate products) in a coalition country, goods containing the same amount

of carbon carry the same carbon tax, no matter whether they are produced in the

coalition or not, and goods produced with a “cleaner” technology are taxed less and

are therefore cheaper. Thus, clean production leads to an “environmental compar-

ative advantage” (Peters and Hertwich 2008b, 58).

This argument is exactly the same as the one used to explain leakage through the

competitiveness channel in the literature on policy-induced leakage or to derive the

“pollution haven hypothesis” (see Sect. 4.2): a unilateral production-based climate

policy distorts the incentives that consumers face, whereas a unilateral

consumption-based policy does not punish (but also not favor) “clean” production

if judged from the viewpoint of consumers in non-abating countries, and does

actually favor “clean” production, if judged from the viewpoint of consumers in

abating countries. Thus, a consumption-based policy should be environmentally

more effective. Peters and Hertwich (2008b, 59) also note that “[a] shift towards

‘environmental comparative advantage’ may alleviate the competitiveness con-

cerns of some countries”—which is another argument known from the border-tax

literature, the argument of “leveling the playing field.”

A fourth group of arguments listed by Peters and Hertwich (2008b, 59) relates to

technology transfer and “technology diffusion.” The authors argue that the intro-

duction of a consumption-based policy might encourage both the governments of

industrialized countries to transfer “clean” technologies to developing countries

and the private sector to contribute to technology spillover effects. As concerns the

role of the private sector, Peters and Hertwich (2008b, 59) are not very specific:

they state that the effect is due to “the shift in comparative advantage” (from pure

economic factors to the inclusion of environmental factors also, as argued above)

and that, under a consumption-based policy, “it is important that any migrating

industries use the cleanest production technology available” (Peters and Hertwich

2008b, 59). Apparently, they refer to an industry migrating from an industrialized to

an emerging economy and taking its production technology with it. Pan et al. (2008,

370), analyzing emission flows between the U.S. and China between 2001 and
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2006, find some evidence of such an effect even under the current production-based

policy: the relocation of U.S. production to China “may (. . .) have improved the

efficiency of Chinese industry through a global technique effect, with potential

spillovers to other sectors, even if this trend has recently slowed.” Thus, the

argument of Peters and Hertwich apparently is that such effects may be strength-

ened by applying a consumption-based instead of a production-based policy. Note,

however, that—according to the arguments of the “pollution haven” literature—the

introduction of a consumption-based policy should actually discourage the industry

of industrialized countries from migrating to emerging economies in the first place.

Apart from these effects of a switch of the policy base on the behavior of the

private sector, Peters and Hertwich also suggest that under a consumption-based

approach the governments of industrialized countries will contribute to the transfer

of technology to non-abating regions. A first route for this technology transfer

envisioned by the authors appears to be transfer by means of abatement projects in

developing countries: They start by arguing that it makes sense for industrialized

countries to abate not only in their own region: “[I]n many cases, the marginal costs

of abatement are lower in non-OECD countries.” Therefore it is “important that

domestic environmental policy considers emissions reduction in foreign regions.”

But “[c]onsumption-based GHG inventories explicitly encourage emissions abate-

ment in foreign regions due to the reallocation of imports,” Peters and Hertwich

(2008b, 59) write. They also mention the CDM mechanism of the Kyoto protocol,

which also under the current climate policy regime provides incentives to pursue

abatement projects in developing countries: “Conceptually, the CDM is naturally

embedded in consumption-based GHG inventories instead of being added later as in

the Kyoto protocol” (Peters and Hertwich 2008b, 59). Thus, they apparently

suggest that a consumption-based policy will contribute to an increase of abatement

projects in developing and emerging economies and through this channel also

enhance the technology transfer to these countries.

Besides relying on such projects, additionally “it is in the best interest of

governments to encourage their trading partners to invest in clean infrastructure,

such as cleaner energy facilities,” Peters and Hertwich (2008b, 59) reason. The

authors, however, do not explain what they mean by the term “encourage”—should

the domestic government pay for such investments of their trading partners or

should it provide them with the necessary technology for free—or are Peters and

Hertwich rather thinking of “persuasion” without any financial incentives? In any

case, analyzing trade between the U.S. and China, Shui and Harriss (2006, 4063)

suggest that the “export of US technologies and expertise relating to clean produc-

tion and energy efficiency to China could be a win-win strategy for both countries”:

the U.S. could benefit as it improves its trade balance with China and—if a policy

that mimics consumption-based accounting like the Kyoto Protocol’s CDM is in

place—it would also improve its emissions inventory.

If one continues along this line of thought of similarities to the CDM, then this

would mean for technology transfer under consumption-based accounting that

industrialized countries provide the technology for free. In return, they will be

able to import less carbon-intensive products, which will improve their emission
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balance. Still, there remain doubts whether this concept will work in practice as it

gives rise to a free rider problem: if one industrialized country supplies “clean”

technology in order to “green” the exports of a trade partner, all other countries

buying goods from this trade partner could also profit from now being able to buy

“greener” products and thereby lowering their (consumption-based) emissions

inventory. Thus, probably no country will come forward to supply the “green”

technology.

This argument shows that the incentives for technology transfer under a

consumption-based policy are actually a more intricate issue than apparent at first

sight. In addition to the effects described by Peters and Hertwich (2008b), there

appear to be other forces at work that (at least partly) have countervailing impacts.

Therefore, a detailed analysis is needed before one can draw conclusions on the

possible effect of a policy switch on the amount of technology transfer.

Finally, not all arguments discussed in the literature favor a consumption-based

policy. Pan et al. (2008) point out an advantage of attributing emissions to pro-

ducers: producers are physically in control of how emissions in production are

discharged and therefore have the most information about feasible abatement. A

consumer basis, on the other hand, would leave countries “with no direct control

over abatement”; but “responsibility is usually best placed with the agent most able

to control the outcome” (Pan et al. 2008, 371). This argument seems to apply mostly

to an abatement policy that is not based on price-based incentives, but on (perhaps

quite indirect) regulations or on voluntary measures. Pan et al., for example, point

out that consumers would require information on the emissions embodied in

imported products if they were to discriminate between foreign producers. If, on

the other hand, a price-based policy system were employed, no such information

would be needed—the price signal should feed through the economic system,

irrespective of where in the system the policy instrument is applied.

Also, it should be mentioned that not all authors who see advantages in

consumption-based emissions accounting advocate a complete switch to a

consumption-based policy. Peters et al. (2011, 5), for example, see “a need for a

regular monitoring, verification, and reporting of emission transfers via interna-

tional trade”—still, they argue, the territorial emissions statistics (and not

consumption-based ones) “should remain central to climate policy.”

6.3 “Responsibility” for Emissions and the Question

of Justice

Many authors comparing production-based to consumption-based emissions

accounting and policy designs relying on these accounting concepts also attempt

to establish which of the two concepts would be “fairer” or “more just”—or

whether fairness might actually call for a combination of the two concepts. Thus

the questions considered are: How should the costs (or burdens) of emission
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abatement be distributed between abating (typically: industrialized) and non-

abating (typically: developing or emerging) economies? And when an answer to

the first question is found: Which emissions accounting concept is more suitable for

achieving the chosen distribution of burdens?

Sometimes, the discussion of this topic in the academic literature may appear

confusing to economists—and equally to scholars working in others fields like, for

example, philosophers. This seems to be due to the fact that authors from quite

different academic disciplines are writing in this field, and at times they do not heed

some of the principles important for authors writing in a different tradition. There

are at least three such “problem zones,” which shall be explained briefly at the

outset.

6.3.1 Definitions and Basic Concepts

First, many authors use the phrase “responsibility for emissions” as a central term in

their argument, for example when posing the question: “Is the producer or the

consumer responsible for emissions?” Philosophers, however, typically point to the

fact that the word responsibility has a number of completely different meanings in

everyday language—and it is actually used in different senses in the discussion on

GHG emissions (Steininger et al. 2012): Simplifying somewhat, the question above

on the responsibility for emissions can mean two completely different things: (i) did

the producer or the consumer cause the emissions?—or: (ii) who is obliged to pay

for the abatement of the emissions, the producer or the consumer? Steininger

et al. (2012) point out that one can decide to make the agent who causes emissions

also pay for the abatement of the emissions—that, however, is only one of many

possibilities of assigning the duty to pay. Thus, in interpreting the discussion on

“responsibilities” it helps to be clear about whether the author is talking about

“causation” or about “obligation to pay” or whether he or she actually assumes that

the “obligation to pay” has to coincide with causation.

Second, there is a difference between the question on whom a tax (or any other

policy instrument) is levied and the incidence of the tax (or the other policy

instrument): as discussed in Sect. 2.2.2, if the producer is taxed that does not

mean that the producer is also the agent who bears the full tax burden—part or

all of the tax burden may be passed on. And equally, if the consumer is taxed that

does not mean that she will bear the full tax burden. Tax incidence theory tells us

that a tax on a producer and a tax on a consumer actually has equal distributional

consequences (in the long run, when all prices have adjusted) as long as the tax base

of the two taxes is the same. Many authors writing in the tradition of the literature

on emissions embodied in trade, however, never discuss the question of tax

incidence. Often, it seems to be assumed that the agent on whom the tax is levied

also bears the tax burden—which, of course, is not correct in general.

Third, as Steininger et al. (2012) stress, when one uses the term policy base one
can have in mind two different things—either the tax base (or more general:
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instrument base—in case one analyzes other policy instruments besides taxes) or

the target base. As has been discussed in Sect. 2.2.1, switching the target base from
emissions in production to emissions in consumption has quite different conse-

quences from switching the tax base in a similar manner. Many of the proposals of

the literature on emissions embodied in trade on assigning “responsibility for

emissions,” however, do not differentiate what they are referring to—a change of

the target base or a change of the tax base. Often, it seems, the authors are actually

discussing a switch of just the target base—but then fail to analyze the second step

that typically will be necessary to achieve the altered target, a corresponding change

of the tax base. This omission is of relevance insofar as the change of tax base may

have distributional consequences that work in exactly the opposite direction than

those of the change in the target base. When reading the following literature review,

this possible “omission” should be kept in mind—and also the two other problems

stated above, i.e. that many authors do not specify what exactly they mean by

“responsibility” and also do not consider the consequences of tax incidence.

6.3.2 Attributing “Responsibility for Emissions”: A
Literature Review

Eder and Narodoslawsky (1999, 359) were among the first authors to employ input–

output analysis to determine various emissions inventories for a region and then ask

the question: “What environmental pressures are a region’s industries responsible
for?” They determine production-based and consumption-based emissions mea-

sures and various combinations thereof, but do not make specific recommendations

which ones to use, except for stating that “from an idealistic point of view it is

desirable that a region takes total responsibility” (Eder and Narodoslawsky 1999,

373). Such “total responsibility” would involve emissions triggered both by pro-

duction and by consumption in the region itself and in the rest of the world—and

would thus, if applied by all regions worldwide, involve double counting of

emissions.

Kondo et al. (1998), also writing in the late 1990s, estimate emissions invento-

ries for Japan and then suggest combining the calculated production- and

consumption-measure to determine what they call “a more reasonable indicator

than the national direct CO2 emissions” (Kondo et al. 1998, 174): the emissions that

can be “attributed” to Japan or that Japan is “responsible” for (Kondo et al. 1998,

172). They suggest that such attribution should be based on the benefit principle.
This is a principle from the theory of taxation that says that those who benefit most

from government expenditure should pay the most taxes. Applied to emissions, the

benefit principle would thus say that those who benefit from emissions should have

to pay for their abatement.1 Kondo et al. actually calculate a measure of such

1 This principle is sometimes also termed the Beneficiary Pays Principle, see e.g. Steininger

et al. (2012).
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“attributed emissions” for Japan. But they do not attempt to establish possible

benefits—they just form a weighted average of production-based and

consumption-based emissions with the weights set—without further explana-

tion—at a value of 0.5.

Ferng (2003) proposes relying on two principles to establish the amount of

emissions a country should take the responsibility to reduce: the benefit principle

and the concept of ecological deficit. The author argues for the use of the benefit

principle by stating that it “emphasizes the driving forces behind the activities that

emit pollutants” (Ferng 2003, 122): production benefit manifests itself in “income

generation and consumption benefit in living standards” (Ferng 2003, 124). As

opposed to Kondo et al. (1998), when calculating the production-benefit of a

specific country, Ferng does not only count the emissions discharged in the terri-

torial production of this country, but also the emissions embodied in imported

intermediate products needed to produce the country’s territorial production. Con-
sumption benefit is calculated the usual way—as a country’s consumption-based

emission inventory. Production benefit and consumption benefit are then com-

bined—in the form of a weighted average—to an overall emission measure

reflecting the benefit principle. Ferng does not provide a rule for establishing the

weights—she argues, they should be determined in international negotiations in

such a way as to “reflect the differences among participant countries regarding their

economic structure as well as consumption pattern and level.” Also, the “basic

needs for survival” should be treated “on an equal per capita basis” (Ferng 2003,

131). Then, in a further step, the capacity for emissions assimilation (e.g. the

capacity of forests for carbon sequestration) of the country examined should be

determined. The difference between the emissions measure according to the benefit

principle and the country’s capacity for assimilation is termed the country’s “over-
emissions” or its “ecological deficit”. Ferng argues that it is this emissions mea-

sure—the “over-emissions”—that a country should be responsible for reducing.

She claims that this method of calculating a country’s responsibility for emissions is

more beneficial to developing countries, especially those with large forest areas,

than the usual principle of territorial emissions accounting.

Bastianoni et al. (2004, 253) suggest yet a further method for “assigning the

responsibility” for emissions: they argue that a producer responsibility principle

would not be fair, and that a consumer responsibility principle would not provide

producing countries with enough incentives to lower their level of GHG emissions.

Consequently, they suggest a principle of shared producer and consumer responsi-

bility, which they term “Carbon Emissions Added” approach. They develop a

formula which assigns to each step in the production process (or to each country

in the production chain) the emissions it discharges itself plus the emissions

embodied in intermediate products it uses. This emissions measure is then normal-

ized by the total emissions of the process. Consumption is treated as the last step of

the production process. In that way, producers (or countries) situated at the begin-

ning of the value added chain are made responsible for less emissions than they

actually discharge, and producers (or countries) at the end of the value added chain

for more emissions.
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Lenzen et al. (2007) criticize that the rules for assigning responsibility developed

by Kondo et al. (1998) and Ferng (2003) involve double counting of emissions

(if applied to all countries), and that the rule developed by Bastianoni et al. (2004) is

not invariant to the number of individual steps, into which the production chain is

divided. Therefore, Lenzen et al. devise still another method for calculating an

emissions measure that attributes emissions to producers and consumers, which

does not suffer from the deficiencies they criticize. The authors are mainly inter-

ested in the “responsibility” of individual producers or consumers, and not in

assigning “responsibility” to whole countries. They argue that an organization

that controls the production process of a good to a high extent should be assigned

a high share of “responsibility” for emissions and vice versa. Control or influence,

they suggest, can be approximated by value added.

They therefore devise the following formula for assigning “responsibility for

emissions” to a producer who occupies one step in a longer supply chain of a

product: establish the value added in the first step of production as a percentage of

the value of the output of this step of production (say, 30 %). Now use this

“percentage value added measure” to split the amount of emissions discharged in

this step of production (say, 100 t) into two shares—one share equaling the value

added measure in percentage terms (30 % of the emissions discharged, i.e. 30 t);

this share is attributed to the producer operating the step of production under

question. The remainder (70 % of the emissions discharged, i.e. 70 t) is “passed

on” to the next step of production. For that step, again the value added in percentage

terms is calculated (say, 60 %). But now the emissions that have to be split using

this value added measures do not only include the emissions discharged at this—

second—step of the production chain (say, 20 t), but also those that have been

passed on from the first step (i.e. 70 t). Thus, in our example, the emissions

attributed to the second production step amount to 60 % of the sum of 70 and

20 t, which equals 54 t. The remainder—36 t—is passed on to the next step of

production, etc. With this attribution method, the emissions that are assigned to the

consumer are however a kind of “leftover” quantity—as Lenzen et al. (2007, 34–

35) put it, “[f]inal consumers (. . .) are at the end of the supply chain, and receive the
remaining remainder.”

Andrew and Forgie (2008) show that the approach developed by Lenzen

et al. (2007) cannot only be applied to individual producers and products, but also

to whole countries: They calculate a production-based, a consumption-based and—

using the method of Lenzen et al.—also a “shared” emissions inventory for

New Zealand. New Zealand’s economy has been founded on the production and

export of primary products like meat, dairy products, wool, and wood. The produc-

tion of these goods does not discharge so much CO2, but mostly the GHGs methane

and nitrous oxide. The authors find that actually 52 % of territorial GHG emissions

are set free in the production of exports. This high share of emissions embodied in

exports, Andrew and Forgie argue, might be a reason for New Zealand to advocate a

consumer responsibility perspective in international negotiations—even though, as

the authors state, such a perspective will have disadvantages, not only advantages.

Actually, their argument is a good example of the difference in distributional
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consequences of changing the target base and changing the tax base: on the one

hand, they point out that “passing on the liability to the consumer has the potential

to reduce New Zealand’s emissions liability” (Andrew and Forgie 2008, 202)—this

point refers to the switch of the target base. But the authors continue that “[i]f such a

policy resulted in higher prices (. . .) for goods produced in New Zealand, con-

sumers might well move away from New Zealand products, and this would impact

negatively on the economy”—this point apparently refers to other countries either

taxing or restricting imports from New Zealand in other ways, i.e. a change in the

tax base. Given these potential disadvantages of a “full” switch to consumption-

based accounting, Andrew and Forgie suggest that the “middle way” of sharing

responsibility between the producer and consumer might balance advantages and

disadvantages and might therefore be an option that should be further investigated.

Rodrigues et al. (2006) develop yet another method of assigning responsibility

for emissions: they take the average of an agent’s consumption-based and income-

based responsibility. Thus their method actually makes use of the third option for

attributing emissions mentioned in the introductory paragraphs of this chapter, the

concept of “enabled emissions”; it therefore is a concept that actually goes beyond

the scope of this discussion of production- and consumption-based emissions

accounting. Here, it is mentioned primarily to show that authors in this field have,

in recent years, come up with mathematically ever more sophisticated methods of

splitting responsibility—with the aim of constructing rules that fulfill certain

criteria: Rodrigues and Domingos (2008), for example, compare the method of

Rodrigues et al. (2006) to that used by Lenzen et al. (2007) discussed above; they

criticize that when following the rules devised by Lenzen et al., responsibility for

emissions decreases with increasing distance in the supply chain; for example, the

final consumer would be assigned a larger share of the emissions of a producer who

is responsible for the last step in the production chain, say assembling the final

product, than of a producer at the start of the production chain, say a company

extracting raw materials. Rodrigues and Domingos (2008) see this as an unwanted

property of the responsibility attribution rule, while Lenzen et al. (2007)

constructed their rule exactly in a way to achieve such a property. This demon-

strates that there is no unanimity in the field on the question of how to attribute the

“responsibility for emissions” to different economic agents.

6.3.3 Contribution of the Research Project “RESPONSE”

The question whether introducing a consumption-based policy orientation would

contribute to more just burden sharing in international climate policy was also

analyzed in the research project “RESPONSE” (of which central sections of this

study also formed a part) lead by the Wegener Center for Climate and Global

Change of the University of Graz. This section will briefly review the findings of the

106 6 Literature on Emissions Embodied in Trade



RESPONSE team, especially those of Lukas Meyer, Dominic Roser, and Luke

Tomlinson, three of the philosophers on the team, who worked extensively on the

topic of consumption-based GHG accounting. Steininger et al. (2012, 2014) discuss

these research results in more detail.

First note that none of the studies reviewed above—with the exception of the

more applied analysis of Andrew and Forgie (2008)—distinguishes between the

point where a policy instrument is applied—e.g. for a tax, the point of revenue

collection—and the incidence of the policy instrument. Thus, when these studies

discuss “shared responsibility between consumers and producers”, it is often not

clear whether the authors intend to construct a “responsibility measure” that should

only serve as a tool for providing politicians and consumers with information on the

environmental impact of a firm, a region, or a country—or whether they also

suppose that the burdens of emissions abatement should be shared according to

this measure, or, indeed whether they think of applying policy instruments to both

producers and consumers. At any rate, as Steininger et al. (2012) point out, as tax

burdens are passed on, even if one wants to split the burden between producers and

consumers, it is usually not necessary to apply the policy instrument to both of

them, e.g. to tax both the producer and the consumer: The burden of a tax on

producers will typically be borne by both producers and consumers, and equally,

the burden of a tax on consumers will typically also be borne by both producers and

consumers. Thus, Steininger et al. stress an important point neglected by many

authors writing in the tradition of the literature on emissions embodied in trade: to

assess the distributional consequences of a policy, one has to look at tax incidence

(or more broadly: “policy incidence”), and not at the question who delivers the tax

money to the authorities. The same reasoning also applies to the incentive effects of

a policy—they are also “passed on” through the price mechanism. Thus, arguments

like that of Bastianoni et al. (2004, 255) that to assign the responsibility for GHG

emissions to consumers and thus “make final users pay the GHG ‘bill’ (. . .) would
lower the incentive for developing countries to create cleaner and more efficient

production processes” are only valid, if one assumes that final users cannot pass on

the burden of the ‘GHG bill’.
Steininger et al. (2012, 2014) also depart in another important way from the

ideas expressed in many of the studies reviewed in this section: they argue that the

“responsibility question”—the question whether producers or consumers have

caused emissions—should be analyzed separately from the “policy base ques-

tion”—the question whether a tax (or other policy instrument) should be levied

on the consumer or the producer. Concerning the “responsibility question”, the

authors use the concept of “attributive responsibility”, which they define as follows:

an agent is attributively responsible for emissions if she (i) chooses to (ii) bring

about emissions. Point (ii) refers to causation, whereas point (i) limits causal

influence to cases where it is voluntary: the agent must knowingly and avoidably

cause emissions, the authors specify. One of their central arguments is that both

producers and consumers are jointly responsible for emissions in the attributive

sense—the consumer chooses to buy a good and thereby drives market demand,

whereas it is the producer’s choice to produce that good using a process that
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generates emissions. Further, the authors claim that it is problematic to attempt to

determine relative shares of the responsibility for emissions and thus remain

skeptical about approaches like those of Bastianoni et al. (2004), Rodrigues

et al. (2006), or Lenzen et al. (2007). Referring to Braham and Van Hees (2009),

they inter alia state that there is a fundamental theoretical difficulty in determining

relative causal shares in any instance of joint causation.

Steininger et al. (2012), however, stress that the result that consumers and

producers are jointly responsible for emissions is often not directly relevant for

the choice of the policy base. They point out that they thus disagree with the opinion

of Lenzen and Murray (2010) and Marques et al. (2012) that climate policy must

understand which agent is responsible for causing emissions. They give three

reasons for their argument: First, as already mentioned above, the agent taxed is

not necessarily the one who bears the tax burden—if one wants to split the burden

between producers and consumers one can therefore in many practical situations

achieve this by taxing either only the producer or only the consumer. Second, there

are many principles of justice that do not rely on responsibility: for example, the

Ability-to-Pay principle says that nations must pay in proportion to their wealth or

some other measure of capacity. If one adopts such a responsibility-insensitive

justice principle, thus no information on the causation of emissions is required.

Third, justifications for adopting responsibility-sensitive principles are not always

truly concerned with responsibility. Steininger et al. give the example of the

principle of Equal per Capita Emissions: one could favor this principle for prag-

matic reasons, for example because it may serve as a simple focal point for

negotiations, and not because one is convinced that equality in per-capita emissions

is indeed just.

Of course, one may still decide that one wants to follow a responsibility-

sensitive justice criterion out of genuine concern for responsibility. Then, when

assessing whether a consumption- or a production-based policy is better in achiev-

ing this criterion, one should, however, keep in mind that it is necessary to look at

the incidence of the policy, rather than focusing on the question whether the policy

instrument applies directly to production or consumption. Steininger et al. give a

schematic outline of the procedures they recommend when confronted with a

practical choice between policies: First, determine the ideal burden distribution

prescribed by the justice-principle favored. Then, determine the actual burden

distribution that would result from either a production- or a consumption-based

policy. Here, it is important to assume politically feasible reduction targets and tax

rates—which, as the authors note, are usually not first-best from the perspective of

justice. Finally, examine whether the production- or the consumption-based policy

variant better resembles the ideal burden distribution.

Steininger et al. (2012) also give an example of how their recommendations for

choosing the policy base could be applied. This example shall be briefly outlined here,

as Chap. 11 will make use of this scenario. The authors assume that the justice principle

favored is the one enshrined in Article 3.1 of the 1992 UN Climate Convention

(UNFCCC 1992), the principle of “common but differentiated responsibilities and

respective capabilities” (CBDR). This principle has a responsibility-sensitive and
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a responsibility-insensitive part (the respective capabilities). Now, if one agrees that

industrialized countries currently bear too small a burden, then one should choose

the policy that increases their burden. Steininger et al. suggest that, if one looks at

the target base only, a switch to a consumption-based policy would probably increase

the burden for industrialized countries. But if one also considers a switch of the

tax base—especially in a situation in which only the industrialized region has a tax

on emissions—then this result may well be reversed. Still, as the authors stress,

unwanted distributional consequences of the policy shift can always be corrected

through appropriate policy design: for example, the shift of the policy base could be

accompanied by side payments or by adjusting the relative emissions reduction targets

of individual countries in such a way as to increase the burdens for those countries

that gain from the policy switch.

Summarizing, the central finding of Steininger et al. (2012, 2014) is that even

though “the debate on consumption-based versus production-based accounting (. . .)
is accompanied by strong moral intuitions” (Steininger et al. 2014, 76), actually

none of the two policies is “intrinsically” better than the other from a justice

perspective: rather, one should investigate whether a policy switch shifts “burdens

from those who currently bear more burdens than justice demands to those who

currently bear less than what justice demands of them” (Steininger et al. 2014, 79).

And if that cannot be achieved by the policy switch in its “pure” form, the

possibility still exists to accompany the switch with appropriate side measures.

6.4 Conclusion

The literature on emissions embodied in trade has detected long-term trends in

international emissions transfers that appear worrying from an environmental

perspective. While within the last two decades industrialized countries have on

average stabilized their emissions measured according to the production-based

accounting principle, the production-based emissions of emerging economies are

growing rapidly. These increasing emissions feed an increasing domestic consump-

tion demand in emerging economies, but also—via international trade—a growing

consumption demand from industrialized countries. A stabilization (and later

reduction) of global GHG emissions will not be possible without the stabilization

and later reduction of the production-based emission of emerging economies—thus

achieving such a reduction must be a central aim of international climate policy.

Such a reduction can, however, only be accomplished on a large scale if both the

emissions that result from the domestic consumption demand of emerging econo-

mies and the emissions that result from the consumption demand of industrialized

countries are curbed.

A switch from the current production-based unilateral climate policy of indus-

trialized countries to a consumption-based one would bring at least that part of the

emissions of emerging economies into the scope of the policy that results from the

consumption demand of industrialized economies. Thus such a policy switch seems
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attractive as a first step towards the aim of stabilizing global GHG emissions. It has

been recommended by some authors writing in the field of emissions embodied in

trade, for example Peters and Hertwich (2006, 2008a, b). A switch to a

consumption-oriented policy will, however, not only bring the imports of industri-

alized countries from emerging economies into the scope of the policy, it will also

remove the exports of industrialized countries to emerging economies from the

scope of the policy. As the arguments in this chapter have shown, the net effect of

such a policy switch will not only depend on whether there are more emissions

embodied in imports than in exports, but also on the relative effectiveness of the

two policies per unit of emissions targeted: actually the product of the emissions

targeted and the per unit-effectiveness of the policy must be larger for the imports

of industrialized countries than for their exports in order to guarantee that a

consumption-based policy indeed leads to a larger reduction in global emissions

than a production-based one. While the literature on emissions embodied in trade

has established that for most industrialized countries the amount of emissions

embodied in imports exceeds (often by far) the amount of emissions embodied in

exports, this strand of literature has not investigated the relative “per-unit effec-

tiveness” of the two policy variants. The remainder of this study will however

repeatedly address this “effectiveness question”. Also, the question how a switch of

the policy base will affect the “diffusion” or transfer of technology will be taken up

again. As this chapter has shown, a number of arguments exist that suggest that

technology diffusion might be enhanced by the introduction of a consumption-

based policy, but there are also arguments pointing into the opposite direction.

Overall, the main conclusion on environmental effectiveness that can be drawn

from the literature on emissions embodied in trade is quite similar to the one that

emerges from the border-tax-adjustment literature: there are some quite convincing

arguments which suggest that a consumption-based approach might be more effec-

tive; these arguments, however, do not apply under all circumstances—often it is

the values of individual economic parameters that decide which policy variant is the

more effective one. The task at hand therefore is to identify those situations where a

consumption-based policy will indeed be more effective, and those where it will

not. The remainder of this study aims at making some progress in this direction.

Besides the question of environmental effectiveness, a second major research

interest in the literature on emissions embodied in trade has been the goal to devise

a “fair” method of assigning what has been termed the “responsibility for emis-

sions.” Many authors argue that neither the producer nor the consumer alone can be

regarded as responsible for global warming; they have therefore constructed quite

complicated schemes that attempt to apportion “responsibility” between producers

and consumers. The apportioning rules are based on criteria meant to determine, for

example, who “causes” emissions, who “controls” processes that discharge emis-

sions, or who “benefits” from emissions. Applying such rules may be interesting for

theoretical reasons; alternatively “responsibility” measures calculated according to

these rules may also be used to provide information to politicians, consumers, or the

public; this study, however, remains skeptical that such “apportioning schemes” are

an appropriate tool for designing practical policies. There are several reasons for
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this: First, as Steininger et al. (2014) have pointed out, there exist logical difficulties

with some of the rules, for example with rules relying on relative causal shares in

instances of joint causation. Second, other such rules appear to be tremendously

difficult to implement practically—how, for example, can it be accurately deter-

mined in a global context, who benefited to what extent from emissions? Third,

global burden sharing is determined by tax incidence (or the “incidence” of another

climate policy instrument), and tax incidence will typically not coincide with the

“point of revenue collection.” Determining tax incidence in a global context is a

difficult econometric task, and combining it with already complex schemes of

responsibility attribution will only make the practical implementation of a policy

based on it even more complicated. This study—following Steininger et al. (2012,

2014)—therefore suggests keeping the GHG accounting principle used for climate

policy rather simple, i.e. relying on either “pure” production-based or “pure”

consumption-based accounting—and not on some complicated scheme attempting

to combine the two principles. If the desired global distribution of the burdens of the

policy cannot be achieved by either of the two “pure” policies, then “side-mea-

sures” (discussed in Chap. 11) should be used to correct the distribution of burdens.

But what is the “desired distribution of burdens” that will guide the following

analysis? This book is not a study on equity, justice, or international burden-sharing

rules. No attempt will therefore be made to discuss these issues in depth or to devise

any new rules for international burden-sharing. Rather, a “pragmatic approach” will

be adopted: when developing policy proposals (see Chap. 11), this study will rely

on established burden-sharing principles. And in climate policy, there actually is

one such widely-accepted principle that has been developed through an interna-

tional political process—the UNFCCC criterion of “common but differentiated

responsibilities and respective capabilities” (CBDR). Note that CBDR is much

more comprehensive than the apportioning rules suggested by the literature of

emissions embodied in trade: it is generally interpreted as referring not only to

current, but also to historic emissions, and apart from the “responsibility” part, it

also has a part that refers to the capabilities of individual countries: richer countries

shall bear a larger part of the abatement burden, and developing countries shall not

be denied growth and poverty eradication (Stern 2007).

Of course, CBDR is a general principle and does not provide us with an exact

formula that assigns burdens to individual countries. For the purpose of this study,

employing such a general principle will, however, suffice. The IPCC (2007, 776)

argues that industrialized countries should reduce their emissions between 25 and

40 % until 2020 to limit global warming to the internationally agreed value of 2 �C.
Current mitigation pledges fall short of this goal (UNFCCC 2011a, b). Following

Steininger et al. (2014), this study therefore assumes that industrialized countries

currently bear a smaller burden then required by the principle of CBDR. When

assessing policies, a policy that increases the (relative) burden borne by industrial-

ized countries is therefore seen as promoting justice.
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Part II

Theoretical Analysis



Chapter 7

Evaluating a Shift to a Consumption-Based

Climate Policy: Objectives and Analytical

Tools

Abstract This study employs an analytical partial equilibrium model to compare

the effectiveness of production-based approaches in international climate policy

with that of consumption-based approaches. This chapter introduces the model and

lays out the exact objectives of the model-based analysis. These are to establish in

which way the relative effectiveness of the two policy variants depends on demand

and production parameters, the size of the abating coalition, and the exact design of

the policy instrument employed. The model developed for this analysis comprises

two regions and four final goods markets. It is characterized by two features that

distinguish it from models used in other studies: First, in addition to the final goods

markets, a global fossil fuel market is also included. This allows an examination of

the interplay of goods and fuel markets and the study of carbon leakage through the

energy market channel. Second, firms can employ different production technologies

for exports and for goods intended for the domestic market. They can thus react

rationally to differences in the carbon taxation in these markets, which are a

distinctive characteristic of consumption-based policies. This setting allows the

examination of one of the central research questions of this study—whether a

switch to a consumption-oriented policy furthers the “greening” of production

technologies in emerging economies.

This and the following two chapters make up the main analytical part of this study.

A production-based policy will be compared to a consumption-based one and

assessed according to various criteria: Mostly, as set out in the introduction, this

study will concentrate on the criteria of environmental effectiveness and cost-

effectiveness, but the widely-used criterion of carbon leakage and sometimes the

politically important criterion of competitiveness will also be discussed, and the

distributional consequences of switching the policy base will be determined. The

discussion will be organized along the four “leakage channels” introduced in

Sect. 4.2. As was argued in that section, these channels can also more generally

be seen as transmission channels of the effects of climate policy and are therefore

well suited as a structuring tool. Policy transmission in non-energy markets (the

“competitiveness channel”) and in energy markets (the “fuel market or energy

market channel”) will be examined by means of an analytical partial equilibrium

(PE) model. Policy transmission through income effects (the “income leakage

channel”) or through technological spillovers, however, does not lend itself to a
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representation in a simple PE setting—these two channels will therefore be

discussed without resorting to a formal presentation. Before starting the detailed

analysis, in this chapter first the objectives of the policy comparison are defined,

and then the “tool” employed in the analysis of the first two channels is intro-

duced—the analytical PE model just mentioned, a model that comprises two

regions and that depicts four region-specific final goods markets and a global

market for fossil fuel. Chapter 8 then uses this model to compare the effects of

policy transmission via non-energy markets. Chapter 9 brings in the other three

policy transmission channels—the energy market-, the income-, and the techno-

logical-spillover-channel. Furthermore, that chapter discusses the changes that

would result from broadening our analysis from a partial-equilibrium to a

general-equilibrium setting; and finally, it summarizes the main results of the

policy-comparison and enquires about the implications of these results for real-

world policy making.

7.1 Objectives of the Theoretical Analysis

The theoretical general equilibrium models discussed in Sect. 4.1 tell us that the

optimal unilateral policy to correct a global externality is in general a policy that has

neither just production nor just consumption as its base, but a policy that combines

the two approaches. But if we have to confine our choice to introducing either one

of the two policies in its “pure” form, this strand of literature does not give us an

advice of the kind that one of the two policies would always be the preferred choice.

The quantitative border-tax literature discussed in Sect. 5.2 provides us with many

examples where the introduction of border measures (that partly achieve a switch to

a consumption-orientation of the policy) at least to a certain extent improves the

environmental effectiveness of the policy, but there are also examples where the

border measures have little effect, and even some studies showing that border

measures lower the environmental effectiveness of the policy. Finally, the literature

on emissions embodied in trade produces some quite convincing arguments

supporting the view that consumption-based policy approaches are environmentally

more effective (see Sect. 6.2), but our discussion of these arguments has shown that

they do not hold under all circumstances. Thus, at least three different strands of

literature point to the same conclusion—it is not possible to decide whether a

production- or a consumption-oriented policy is more effective in general. Rather,

the ranking of the policies in terms of environmental effectiveness depends on the

exact design of the policy instruments analyzed, the parameter values assumed, and

the specific global policy setting—as for example the size of the coalition partic-

ipating in the abatement policy. Given this observation, this study aims to achieve

progress on the question which climate policy setting, which policy design details,
and which parameter values make a consumption-based policy the environmentally
more effective choice (or the more cost-effective choice)—and which rather favor

the production-based policy variant.
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7.1.1 Analytical Approach

Although so far there do not exist any analytical studies that explicitly examine

“consumption-based GHG abatement policy approaches” as such, there are, as we

have seen in Chaps. 4–6, many studies on related subjects that try to answer

questions similar to those posed in the previous paragraph. Thus it is necessary to

clarify in which way this analysis differs from such related studies.

First, as opposed to much of the CGE literature, this study does not aim to

produce precise quantitative estimates of the values certain variables take under

specific assumptions. It is rather interested in understanding the basic mechanisms

at work in that field of economics. Thus the choice was made to use an analytical,

and not a quantitative model as the “tool” for the analysis; a model with only few

sectors that depicts economic interdependencies in a rather “stylized” fashion. This

simplicity should permit us to gain a clearer view of the main “economic forces” at

work, a view not clouded by looking at too many simultaneous effects at the

same time.

Second, it had to be decided whether to employ a general or a partial equilibrium

model. General equilibrium (GE) models—even simple ones such as some of those

discussed in Sect. 4.1—depict a number of relationships not present in a partial

equilibrium setting: factor supply is limited and therefore factor prices change when

demand for factors changes; consumers have budget constraints—therefore price

changes also lead to income effects; and there are typically other restrictions

imposed such as a zero (or constant) trade surplus/deficit across policy variants.

While all of these are desirable characteristics, often—to remain tractable—GE

models have a very simple structure as regards their other features. For example, the

GE models discussed in Sect. 4.1 do not comprise a separate fossil fuel market. But,

as we know from the quantitative leakage literature, effects that run through the fuel

market are often decisive for the outcome of an analysis of climate policy. Also, at

least in GE models of the Heckscher-Ohlin-Samuelson type, domestic and foreign

goods are perfect substitutes. This characteristic, however, does not allow for a

realistic analysis of leakage through the competitiveness channel. In a partial

equilibrium analysis, on the other hand, it is easier to model less than perfect

substitutability between domestic and foreign goods and to include a separate

global fossil fuel market without making the model overly complicated. Therefore

in this study a partial equilibrium model is employed. Of course, this approach has

all the typical limitations of a PE analysis. But the decision to use a specific model

always constitutes a compromise—for the questions of this study the advantages of

a PE approach appear to outnumber its disadvantages.

Basically, there are two ways to interpret a PE analysis: it can either (a) represent

one individual economic sector—this, for example, is the interpretation adopted by

Fischer and Fox (2012), see the discussion of their climate policy model in Sect.

4.2—or (b) a partial equilibrium model can be seen as a simplified representation of

the economy of a whole country or region—Gros (2009), for example, interprets his

analysis in this way, see Sect. 4.1. Of course, (b) is the more problematic
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approach—the consequences of ignoring income effects or factor price changes

will not be too large when just one sector that is small compared to the overall

economy is examined. But, for an economy as a whole, those effects matter and one

should thus keep in mind that the results obtained will not always correspond to

those of a GE analysis. In the course of the following chapters, both interpretations

(a) and (b) will be employed.

Environmental policy in this study will be modeled by the imposition of an

emission tax. The different policy variants examined—the production and the

consumption-based approach—differ in their tax base (see Chap. 2). Note that, on

the other hand, within the framework of the model of this study it is irrelevant where

the tax is collected: from the producer, from the consumer, or at the border. As the

prices in our model are flexible, the tax burden will be passed on in each of these

three cases in exactly the same way. Thus, in our model, it is also irrelevant whether

one thinks of the policy being introduced by means of border adjustment measures

or by any other scheme of taxation. To give an example, it will be important

whether imports are taxed or not (this question relates to the tax base), but it will

not be relevant where they are taxed—in the country where they are produced, in

the country where they are consumed or at the border (this question only relates to

the point of tax revenue collection). In the following, the terminology of the border

tax literature—expressions such as “import tariffs” and “export rebates”—will

sometimes be used. But this is done only for ease of exposition and in order to

allow comparisons to the findings of the border tax literature. It does not imply that

the results obtained in the model-based part of this study in any way rely on the use

of border measures—any scheme of taxation that applies the same tax base will

give the same results.

The PE model developed for this study has two features that distinguish it from

models used in other studies and that shall therefore be briefly explained here. First,

as already mentioned, it includes not only final goods markets, but also a global

fossil fuel market. Thus the model will allow an examination of the interrelation-

ship between effects in the two types of markets—and of the question how a switch

to a consumption-based policy affects policy transmission through the energy

market. To the best of the author’s knowledge, currently no studies on climate

policy exist that combine goods and fuel markets in this way in a single stylized

analytical model. The CGE literature sometimes comments on the effect (or rather:

non-effect) of the introduction of border measures on leakage through the energy-

market channel—Boeters and Bollen (2012, S181), as mentioned, for example state

that “[t]his second channel of leakage cannot systematically be influenced by

border measures.” But apart from such general statements, no detailed analysis of

the impact of a switch to a consumption-orientation on the effectiveness of a policy

with the inclusion of energy markets has been conducted. The model developed for

this study will allow for such an analysis in a simple, stylized setting and will

therefore make it possible to examine whether a switch of the policy-base indeed

has no effect through the fuel market.

The second feature of the model that distinguishes it from the approach of other

studies is the way the response to the policy by producers in the non-policy region is
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modeled. As pointed out by Winchester (2012)—see the discussion in Sect. 5.2.2—

many CGE studies treat the import border tariff as if it were not an emission, but an

output tax on the exports of the non-policy region (which are the imports of the

policy region). Thus, such studies foresee only one possible reaction to the impo-

sition of the tax—a scale-back of these imports. As has already been mentioned in

Sect. 4.3 and will be discussed in more detail in Sect. 9.4, such a scale-back will not

only have undesired distributional consequences for developing countries, it may

also hamper environmental effectiveness. Therefore it is important to investigate

whether the emissions embodied in the imports from developing and emerging

economies can be reduced in other ways that avoid such detrimental effects. One

option is that producers in the non-policy region, instead of reducing their export

production, “green” their production technology—and in that way reduce their tax

dues, i.e. the “technique” rather than the “scale” of export production is changed.

The model of this study allows for this effect—in the standard scenario the tax

imposed is a true emissions tax, and not an export (or import) tax. The producers

can react to this tax by changing their input mix—they will use less of the input

causing emissions, fossil fuel. This is a simple way to represent the adoption of a

cleaner “technology”. (Though purists may refrain from terming this the “adoption

of a different technology”—actually producers still make use of the same produc-

tion function, just the point they choose on this function will be a different one.) As

discussed in Sect. 5.2.2, whether producers see the tax as an output tax or an

emissions tax will primarily depend on the details of the design of the border

measures—for example, on how often the embodied carbon measure is updated.

With the model of this study the two options can be compared—besides using the

“standard” option of a “true” emissions tax one can also analyze what would change

if the tax were regarded as an output tax.

A further question that had to be answered in designing the model was whether

producers should be allowed to differentiate the production technique across

destination markets, i.e. whether it should be possible to produce the export good

using an input mix different from that used in producing the goods for domestic

consumption. This is the option Winchester (2012, 354) terms operating “separate

production lines for different markets.” For this study, this option was adopted.

Thus, if a tax on imports from the non-policy region is introduced, only the input

mix in the production of these imports will change, but not the input mix in the

production of domestically consumed goods in the non-policy region. This option

seems to better reflect real-world circumstances than the alternative—allowing for

only one production technology (i.e. input mix) in each sector of the non-policy

region, no matter whether the good is exported or sold on the home market. Note

that, for example, in China export volumes in recent years accounted for roughly

40 % of GDP (Pan et al. 2008, 355) and that there are many factories which

specialize in export production. Therefore, it does not seem unreasonable to assume

that such factories can adopt different production technologies.

The model will be used to analyze policy transmission through the two channels

that figure most prominently in the leakage and border-adjustment literature, the

competitiveness and the energy market channel. As mentioned above, the other two
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leakage channels would have been difficult to represent in a partial equilibrium

setting; they will therefore be discussed without the use of formal methods.

7.1.2 Coalition Size, Parameters, Tax Design: Which Factors
Are Decisive?

As stated in the introductory paragraph of Sect. 7.1, the main objective of this study

is to determine the circumstances under which a consumption-oriented policy

would be the environmentally more effective one. The discussion of the quantita-

tive border-tax literature in Sect. 5.2 has shown that there are actually many factors

that influence the relative environmental effectiveness of the two policy variants

examined. Not all of these factors will be analyzed here—the research “tool”

chosen, the analytical PE model, only permits the examination of certain questions.

For example, think of the question whether the inclusion of indirect emissions

matters when calculating the carbon content on which the border measures are

based. This question cannot be analyzed by the model of this study, as there are no

intermediate sectors discharging emissions in the model. The same applies to the

question whether it suffices to tax carbon-intensive sectors, or whether all sectors

should be taxed: the model does not differentiate between sectors according to their

carbon-intensity. But the model is well-suited for the examination of the influence

of a number of other factors. These factors will be grouped under three headings—

the global policy setting, border adjustment design, and technological and demand

parameters.

In the analytical part of this study, the global policy setting will be varied only

along one dimension, the

– (relative) size of the abating coalition. Coalition size is represented by the value

of the output of the coalition (the policy region) compared to the value of global

output (i.e. output of the policy region plus the non-policy region).

The options for border adjustment design that will be compared are the

following:

– Will adjustments be applied only to imports or both to imports and exports?

– Is the border tax a “true” emission tax—or rather a tax on output exported?

– Is the border tax based on the true carbon content of the taxed good—or rather on

the carbon content of similar goods produced in the policy region?

Finally, the influence of the following characteristics—described by technolog-
ical and demand parameters—on the relative effectiveness of the two policies will

also be examined:

– the “ease” of substituting between different inputs—described by the elasticity

of substitution;
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– the amount of emissions discharged—described either in absolute figures, or by

the emissions rate (i.e. relative to the level of output), or by the emissions

intensity (i.e. relative to the value of output), or by the cost share of fossil fuel

in production (if additionally the fuel price is factored in);

– the “ease” of substituting domestically produced for foreign produced goods—

described by the cross-price elasticities of demand for domestic and foreign

goods;

– the price-sensitivity of the good examined—described by the own-price elastic-

ity of demand; and

– the question to which extent global fuel supply can be increased without large

extra costs—described by the price elasticity of fuel supply.

In Chaps. 8 and 9 the influence of all these factors on the environmental

effectiveness (and partly also on the cost-effectiveness) of different variants of

climate policy will be assessed. First, however, in the remainder of this chapter, the

model employed for this analysis will be introduced.

7.2 Partial Equilibrium Climate Policy Model

The model makes use of the two-region framework introduced in Chap. 2. To keep

the analysis as simple as possible, no intermediate but only final goods are

manufactured and traded—thus the “simplified setting” for this two-region frame-

work introduced in Sect. 2.4 applies. Parts of the structure of the model are inspired

by the Fischer and Fox (2012) model discussed in Sects. 4.2 and 5.2.1. That model

has, however, been adapted and supplemented to permit an analysis of producer

responses induced by climate policy also in the non-policy region. Furthermore, an

additional market is included and linked to the goods markets—a global market for

(one aggregate type of) fossil fuel. All in all, five markets are represented: in

addition to the fossil fuel market there are two final goods markets in each of the

two regions.1 In contrast to some of the models discussed in Sect. 4.1, the produc-

tion and demand functions for the final goods are parameterized—though in a fairly

general fashion. To start with, supply and demand for these final goods will be

described.

1 The model was originally developed for the research project “RESONSE” financed by the

Austrian Climate Research Programme ACRP—see Lininger (2013). Some of the results of the

model-based analysis in Chaps. 8 and 9 were first published in Steininger et al. (2014).
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7.2.1 Production

Home produces goods that can either be consumed domestically (in that case they

are denoted by H as in Sect. 2.1.1) or exported (in that case they are denoted by X).
It is assumed that, from the viewpoint of the consumer, H and X are identical. But

producers can—as in the study by Winchester (2012, 356)—operate “different

production lines for goods shipped to different markets,” i.e. for H and X. Like in
Winchester’s study, it will be assumed that in each of these production lines a

different input mix may be used. More precisely, the form of the production

function will be the same for H and X—we will employ a constant-elasticity-of-

substitution (CES) production function with constant returns to scale. But the point

chosen on this production function (indicating the input mix) may differ.2 In this

way, as discussed in Sect. 7.1.1, our model enables producers to react rationally to

unequal taxation of emissions discharged in the production of exports and those

discharged when producing goods for the domestic market: they will emit less in

the production of those goods that are more heavily taxed.3

The standard interpretation of a production function is to think of it as

representing literally just one technology with smooth input substitution possibil-

ities. Here, however, a second—probably more realistic interpretation—will be

adopted: the production function is seen as a smooth approximation of a set of

distinct technologies using different input combinations. Thus, with this interpre-

tation, a change of the input mix at the same time constitutes a switch to a different

technology; and the “ease” of adopting a different technology is specified by the

elasticity of substitution of the production function.4 Thereby, the choice between

different technologies can be represented in a very simple and convenient way.

In the following analysis, the output of the “two production lines” will be

referred to as “good H” and “good X”; however it should be kept in mind that the

difference between these two “goods” only relates to the market where they are sold

(Home or Foreign) and possibly to the input mix used in their production, but not to

their technological characteristics.

The CES technology just mentioned—or more accurately: the set of technolo-

gies—will be employed to produce both H and X. The inputs into production are

fossil fuel (quantity EH for good H and EX for good X) as well as a second input

2 To allow an analysis of differential taxation this study thus—like the study of Winchester

(2012)—diverges from an assumption very common in many models that do not focus on the

effects of differential taxation—the assumption that goods sharing the same characteristics are

always produced using an identical input mix.
3 As a practical example, think of a producer who uses old factories (employing “dirty” technol-

ogy) to produce for the export market, but new factories (employing “clean” technology) to

produce for the home market, when confronted with a policy that taxes emissions from production

for domestic consumption only.
4 For an example where a CES production function is used to describe both substitution between

factors for a given technology and switching between technologies (and even the development of

new technologies), see Gerlagh and Kuik (2007).
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K (which can be thought of as a composite of all other inputs required for

production). As discussed above, the input mix in the production of H and X may

differ; we therefore need to specify the production function for each of the two

goods separately:

H EH;KHð Þ ¼ γ1 α1EH
ρ1 þ 1� α1ð ÞKH

ρ1½ �
1
ρ1 and

X EX;KXð Þ ¼ γ1 α1EX
ρ1 þ 1� α1ð ÞKX

ρ1½ �
1
ρ1 ,

where ρ1 ¼
σ1 � 1

σ1
:

ð7:1Þ

Both production functions are standard CES functions: γ1> 0 is an efficiency

parameter, 0< α1< 1 is a distribution parameter, σ1> 0 is the elasticity of substi-

tution, and ρ1 is an auxiliary parameter determined by σ1. The subscript 1—as in

Chap. 2—signifies that all parameters relate to region Home. One can interpret

H and X either as the output of one economic sector (say, the steel industry or the

cement industry), or, alternatively, one can see H and X as a stylized representation

of the composite output of all sectors of the economy that use (a non-negligible

amount of) fossil fuel as an input. Both of these interpretations will be applied in the

course of the following analysis.

Next, consider the inputs into production and their prices: It is assumed that the

price of input K in Home, pK,1> 0, is constant; the analysis focuses on the effects of

changes in the price of the other input, fossil fuel.5 The market price of fossil fuel is

pE. Here, no subscript denoting the region is needed, as fossil fuel is globally traded
and its price is the same in Home and in Foreign. Burning one physical unit of fossil

fuel sets free one unit of CO2 emissions. It is assumed that there are no other

emissions generated in production (i.e. there are no process emissions); EH and EX

therefore also give the overall amount of emissions discharged in production.

The government follows a climate policy by imposing a specific tax t on each unit
of emissions. So t is what is usually referred to as the carbon price. But as emissions

equal fuel input, t is also equivalent to an input tax on fossil fuel. For the producer

the price of using one unit of fossil fuel thus equals the sum of the market price of

fossil fuel and the tax, pE+ t. This sum will be termed the “gross price of fuel.”

Depending on the input prices ( pE + t) and pK, producers choose their optimal

input mix. This optimal input choice is reflected in the unit cost functions (which

can be derived from the production functions). If the tax on emissions is the same

for goods H and X, the optimal input mix in the production of both goods will also

5 The partial equilibrium assumption of constant prices for all factors (except fossil fuel) will

typically be unproblematic if we study just a single economic sector. But if H and X are interpreted

to encompass all sectors using fossil fuel (and thus causing CO2 emissions), these sectors will

comprise a substantial share of the overall economy. Thus, the assumption that changes in the

output of H and X will have no effect on factor prices will not hold in a strict sense. In that case,

partial equilibrium results should be seen only as an approximation to the relationships that

characterize more complex models.
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be the same; and therefore the unit costs cH for H and cX for X will be equal. The

situation changes, if, for example, only emissions discharged in the production of

good H are taxed, but not emissions in the production of good X. Then, the optimal

input mix in the production of H and X, and hence also the unit costs cH and cX, will
be different. In such a case with a tax only on emissions set free in the production of

H, unit costs are given by

cH pE þ t, pK, 1
� � ¼ 1

γ1
ασ11 pE þ tð Þ1�σ1 þ 1� α1ð Þσ1 pK, 11�σ1
h i 1

1�σ1 and

cX pE; pK, 1
� � ¼ 1

γ1
ασ11 pE

1�σ1 þ 1� α1ð Þσ1 pK, 11�σ1
� � 1

1�σ1 :

ð7:2Þ

Region Foreign produces the goods F and M, also employing a CES technology

with constant returns to scale in the production of both goods. The technology may,

however, differ from the one used in Home; it is characterized by the parameters α2,
γ2, ρ2, and σ2. Also, the input price pK,2 may be different from pK,1 (but the fuel

price pE is the same in both regions). The unit cost functions cF and cM can be

derived in a similar way as in Home.

7.2.2 Emissions

From the cost functions for of each of the goods the conditional input demand for

fuel (which equals the “demand” for discharging carbon emissions) can be calcu-

lated. For good H it is given by

EH ¼ H γ1
σ1�1 α1cH

pE þ t

� �σ1

|fflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
eH

¼ HeH: ð7:3Þ

eH is the emissions rate, the “physical counterpart” to the emissions intensity. It

gives the amount of emissions discharged in the production of one physical unit of

good H. Substituting for unit costs in Eq. (7.3) yields

EH ¼ Hασ11
1

γ1
pE þ tð Þ�σ1 α1

σ1 pE þ tð Þ1�σ1 þ 1� α1ð Þσ1 pK, 11�σ1
h i σ1

1�σ1 : ð7:4Þ

For the other goods, the conditional demand for fuel can be calculated in a similar

fashion. Global fuel demand E—and thus the global emissions linked to it—is

given by the sum of the fuel demand for the production of the individual goods:

E ¼ EH þ EX þ EM þ EF ¼ HeH þ XeX þMeM þ FeF: ð7:5Þ
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7.2.3 Demand and Goods Market Equilibrium

Each region has a representative consumer. The representative consumer in Home

demands goods H andM, the one in Foreign goods X and F. The demand for each of

the four goods is a function of the price of the respective good and the price of the

competing good in the same region. For example, demand h for goodH is a function

h( pH, pM). pH is the price of H, and pM is the price of M. For all goods, constant
elasticity of demand functions are assumed:

h pH; pMð Þ ¼ βh p
ηhH
H p

ηhM
M , with ηhH ¼ ∂h

∂ pH

pH
h

and ηhM ¼ ∂h
∂ pM

pM
h
,

m pH; pMð Þ ¼ βm p
ηmH
H p

ηmM
M , with ηmH ¼ ∂m

∂ pH

pH
m

and ηmM ¼ ∂m
∂ pM

pM
m

,

x pX; pFð Þ ¼ βx p
ηxX
X p

ηxF
F , with ηxX ¼ ∂x

∂ pX

pX
x

and ηxF ¼ ∂x
∂ pF

pF
x
,

f pX; pFð Þ ¼ β f p
η f X

X p
η f F

F , with η f X ¼ ∂ f

∂ pX

pX
f

and η f F ¼ ∂ f

∂ pF

pF
f
:

ð7:6Þ

The parameters βh, βm, βx, and βf are positive. Own-price elasticities are negative,
while cross-price elasticities are positive. Thus, the competing goods in each region

are gross substitutes. Note that thus—unlike in standard two-good trade models like

the Heckscher-Ohlin-Samuelson model—Home and Foreign do not produce the

“same” good, i.e. goods that are perfect substitutes. The setting of our model rather

resembles the one of the typical CGE model used to analyze climate politics—only

that in CGE models the assumption of less than perfect substitutability between

domestic and imported products is usually implemented not by directly specifying

demand functions for foreign goods, but with the help of Armington (1969)

elasticities.

In market equilibrium, H¼ h, M¼m, X¼ x, and F¼ f. Producers face perfect

competition; prices will therefore equal the (constant) marginal costs of production,

i.e. pH¼ cH, pM¼ cM, pX¼ cX, and pF¼ cF. Consider, for example, good H:

H ¼ h pH; pMð Þ ¼ βh p
ηhH
H p

ηhM
M ¼

¼ βh
1
γ1

	 
ηhH
1
γ2

	 
ηhM
ασ11 pE þ tð Þ1�σ1 þ 1� α1ð Þσ1 pK, 11�σ1
h i ηhH

1�σ1

α2ð Þσ2 pE þ tð Þ1�σ2 þ 1� α2ð Þσ2 pK, 2
� �1�σ2

h i ηhM
1�σ2 :

ð7:7Þ

Supply and demand for the other goods can be derived in a similar way. By

plugging Eq. (7.7) into Eq. (7.4), fuel demand (and the emissions linked to it) for

good H can be calculated; and by substituting the result—and analogous results
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calculated for the other goods—into Eq. (7.5), world fuel demand (and thus global

emissions) can be obtained.

The part of our model that comprises the markets for the four final goods H, X,
M, and F has thus been fully specified. The relationship between the parameters and

variables is depicted in Fig. 7.1. For the moment, assume that the fuel price, pE, is
exogenously fixed. Then, only the relationships represented by solid and by dashed

arrows are “active”: The emissions tax and the fuel price determine emission rates

and (unit) production costs. Production costs determine the goods prices. Demand

then determines the quantities of the goods produced, and these, along with

emissions rates, determine total fuel demand (and the emissions linked to it).

Note in particular that the goods prices can be established without knowing the

demand functions. This is a consequence of the assumption of constant returns to

scale. As we will see in the following chapter, this property of the model greatly

simplifies the mathematics required for conducting policy experiments.

The fifth market of our model, the global market for fossil fuel (and thus the

relationships depicted by dotted arrows in Fig. 7.1), will only be introduced in

Chap. 9.

Having determined the prices of the four final goods, one can define another

useful measure: the emissions intensity in the production of these goods, i.e. the

amount of emissions discharged per value unit of the good. It will be denoted by i.
For example, for good H the corresponding emissions intensity iH is given by

iH ¼ EH

H pH
¼ eH

pH
¼ eH

cH
: ð7:8Þ

The last term in Eq. (7.8) follows from the equality of goods prices and unit costs of

production.

tax (t)

production technology (α,γ ,σ)

unit costs (c)

good’s price

demand function

substitute’s price

quantity of good emissions rate (e)

fuel demand fuel supplyfuel demand from 
production of other goods

emissions (E), fuel price (pE)

Fig. 7.1 Structure of the

model
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Chapter 8

Effects of Policy Transmission via

Non-Energy Markets

Abstract This chapter uses the analytical model introduced in Chap. 7 to study

those economic and environmental effects of different variants of international

climate policy that are transmitted via non-energy markets. A production-based

policy is compared with a consumption-based one and with a policy that combines

production- and consumption-based approaches by targeting both imports and

exports of the abating coalition. Environmental effectiveness, carbon leakage, a

simple measure of cost-effectiveness, competitiveness, and the impacts on the

international income distribution are used as criteria in assessing the different

policy variants. A central result of the comparison is that with an equal carbon

tax rate across policy variants, neither the production-based nor the consumption-

based policy is environmentally more effective in all possible settings; rather the

relative effectiveness of the two policy variants depends on the size of the abating

coalition, demand and production parameters, and on the design of the policy

instrument used. However, a policy combining the two approaches is always

more effective than the two “pure” variants. Competiveness of the abating coalition

is best protected by a consumption-based policy. This policy variant also involves

the least carbon leakage. As regards climate policy costs, the abating coalition

however fares best under a production-based policy. Finally, the effectiveness of a

consumption-based policy is reduced if a switch to “green” production technolo-

gies in emerging economies is impossible or is not incentivized by the policy

instrument, which would be the case if carbon embodied in traded goods were

assessed using benchmarks.

This chapter will employ the partial equilibrium model introduced in Sect. 7.2 to

examine the first of the four transmission mechanisms for climate policies intro-

duced in Chap. 4, the transmission channel that works through price changes in non-

energy markets.1 As argued in Chap. 7, the model developed for this study is

constructed such that it permits the simultaneous analysis of two transmissions

channels—the non-energy market and the energy market channel. Thus, in order to

1 The model was originally developed for the research project “RESONSE” financed by the

Austrian Climate Research Programme ACRP—see Lininger (2013). Some of the results of the

model-based analysis in this chapter were first published in Steininger et al. (2014).
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focus on just one of these channels, the other one should be “switched off”. In a

strict sense, this is not really possible in our model: fossil fuel serves as an input into

the production of final “non-energy market” goods; the two climate policy trans-

missions channels are therefore intertwined and actually cannot be studied in

complete isolation. But it is possible to at least “switch off” effects that stem

from the supply side of the fuel market. This approach will be chosen here: it is

assumed that the market price for fossil fuel pE remains fixed and thus the amount of

fuel used (which equals the amount of emissions discharged) will be determined

solely by fuel demand. In terms of Fig. 7.1, only the relationships depicted by solid

and by dashed arrows are assumed to be active. Such a setting is actually often

employed in the CGE literature on carbon leakage—it allows an examination of the

competitiveness leakage channel alone, as by keeping the energy price constant

energy market leakage effects are excluded.

In the following, region Home will always be the policy region. It comprises

industrialized countries, while region Foreign consists of developing and emerging

economies. It is also assumed—in a stylized representation of current circum-

stances, see Chap. 6—that the emissions intensity in Home (by far) exceeds the

emissions intensity in Foreign. Home implements a climate policy by levying a

carbon tax. Thus, the carbon price (the tax) is exogenous and emissions will adjust

endogenously.2 Three types of policies will be compared: a production-based

policy, i.e. a policy that targets emissions discharged in the production of goods

H and X; a consumption-based policy, i.e. a policy that targets emissions discharged

in the production of goods H and M; and finally a policy that complements a

production-based policy with a border import tax, but not an export rebate, i.e. a

policy that targets emissions discharged in the production of goods H, X, andM. As

argued in Chap. 3, such a policy—if implemented by means of border measures—

might stand greater chances to comply with WTO law than a “full” consumption-

based policy. Also, such an “import-tax-only” policy has the appeal that it includes

a greater share of global emissions within the scope of the policy than a “pure”

production- or consumption-based policy. The three types of policies will be

compared for two different scenarios: either (a) the reduction of emissions directly

targeted by the policy (i.e. emissions that are part of the tax-base) is the same for the

policies being compared, or (b) the carbon price for the policies being compared is

the same. Results will be derived for the following criteria: environmental effec-

tiveness (i.e. the reduction of global emissions, see Chap. 2), carbon leakage,

competitiveness (measured by the change in net exports, see Chap. 2), and a simple

measure of cost-effectiveness. The distributional consequences of switching from

one policy to the other will also be discussed.

2 Alternatively, one could model a cap-and-trade system, where emission quantities are fixed and

the carbon price adjusts endogenously. However, in order to keep the model as simple as possible,

this alternative will not be pursued here.
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8.1 Policy Effects for a Single Sector

First, consider the effects of the tax on the emissions discharged in the production of

a single good, say good H. As the fuel price is fixed, the supply side of the fuel

market can be disregarded: fuel use and the emissions linked to it are given directly

by the demand relationships (7.3) and (7.4). The effects of the tax will be studied by

means of comparative static derivatives. Starting from the equation EH¼H eH, one
obtains3

∂EH

∂t
¼ ∂H

∂t
eH þ H

∂eH
∂t

: ð8:1Þ

As can be seen from Eq. (8.1), the tax affects emissions in two ways: first, demand

for good H (and thus also supply) may change, and secondly, the emissions rate eH
in the production of H may change.

The effect on demand and supply can be calculated by differentiating Eq. (7.7)

with respect to t. Assume for the moment that emissions both in the production of

H and of the competing good M are taxed:

∂H
∂t

¼ H ηhH
eH
cH

þ ηhM
eM
cM

� �
¼ H

 
ηhHiH|fflffl{zfflffl}
< 0

þ ηhMiM|fflffl{zfflffl}
> 0

!
: ð8:2Þ

As can be seen from the terms in parenthesis, two effects opposing each other

influence demand (and production) of H: one effect that works through the own-

price ofH, and a second one that works through the price of the competing good,M.

The effect that works through the own-price of H is negative, as the own-price

elasticity ηhH is negative: the tax raises the gross fuel price. This makes H more

expensive, which in turn reduces demand for H. This effect is larger, the larger the
absolute value of the own price-elasticity of demand, i.e. the stronger demand reacts

to price changes, and the larger the emissions intensity in the production in H,
i.e. the more important fuel is quantitatively as an input into production and the

stronger therefore the impact of a rise of the (gross) fuel price is on the price of good

H. This effect represents one of the central propagation mechanisms of the model,

by which the tax lowers emissions.

The second effect, which works through the price of goodM, which competes in

region Home with good H, however counteracts this first effect: This second effect

is positive, as the cross-price elasticity of demand for good H, ηhM, is positive—the

tax raises the gross fuel price, which makes M more expensive and thus shifts

demand from M towards H. The effect is the larger, the larger the cross-price

3 In this chapter, H, EH, and eH are functions of just one variable, t. Nonetheless, the symbol ∂ is

used instead of d to denote the derivatives, as a second variable, pE, will be introduced in Chap. 9.
For now, however, pE, remains fixed.
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elasticity of demand forH and the larger the emissions intensity in the production of

M (which determines the increase of the price of M for each unit of increase of the

gross fuel price).

Which of the two effects dominates, and whether the tax causes the production

of H to increase or to drop, depends on parameter values. If, however, only

emissions discharged in the production of H (but not those in the production of

M ) are taxed, the tax unambiguously reduces demand for H.
It is also instructive to reformulate Eq. (8.2) in “elasticity form”:

∂H
∂t

¼ H ηhH
eH
cH

þ ηhM
eM
cM

� �
¼ H

pE þ t

 
ηhHθH|fflffl{zfflffl}
< 0

þ ηhMθM|fflfflffl{zfflfflffl}
> 0

!
,

where θH ¼ eH pE þ tð Þ
cH

¼ ∂cH
∂ pE þ tð Þ

pE þ tð Þ
cH

¼ ε pH , pEþt,

and θM ¼ eM pE þ tð Þ
cM

¼ ∂cM
∂ pE þ tð Þ

pE þ tð Þ
cM

¼ ε pM, pEþt:

ð8:3Þ

To interpret Eq. (8.3), consider the expression following the second equality sign in

the first line: θH is the share of gross fuel costs in overall input costs for H, and θM
the share of gross fuel cost in overall input costs for M. As can be seen from the

second and third line of Eq. (8.3), these cost shares, however, also give the gross

fuel price elasticity of the output price of the respective good, i.e. they show the

relative change in output prices caused by the relative change in the gross fuel price

due to the introduction of the tax. To derive this result, differentiate Eq. (7.2) with

respect to ( pE+ t) and use the equality of unit costs and good prices. Both cost

shares, of course, are positive.

Now, consider the term ηhH∙θH, the product of the own-price elasticity of

demand for H and the gross fuel price elasticity of the price of H: it gives the

relative change in demand for H triggered by the relative change in the gross fuel

price via the change in the price of H. This product is negative as the own-price

elasticity ηhH is negative. It also has the form of an elasticity—the elasticity of

demand for H with respect to the gross fuel price (via the own-price effect). If we

compare Eq. (8.3) to Eq. (8.2), this elasticity corresponds to what was termed “the

first effect” of the tax in Eq. (8.2).

In a similar manner, “the second effect” of the tax from Eq. (8.2) also corre-

sponds to a term written in elasticity form in Eq. (8.3), the term ηhM∙θM, i.e. the
product of the cross-price elasticity of demand for H and the fuel price elasticity of

the output price for good M. Thus, this term also gives an elasticity of demand for

H with respect to the gross fuel price, but now not via the own-price effect, but via

the cross-price effect. As ηhM> 0, this elasticity is positive. Finally, the first line in

Eq. (8.3) can be rearranged such that also the left hand side is written in the form of

an elasticity. We use the fact that ∂H/∂t¼∂H/∂( pE+ t):
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εH, pEþt ¼ ∂H
∂t

pE þ tð Þ
H

¼ ηhHθH|fflffl{zfflffl}
< 0

þ ηhMθM|fflfflffl{zfflfflffl}
> 0

: ð8:4Þ

Equation (8.4) shows that the elasticity of demand for good H with respect to the

gross fuel price is the sum of the two “sub”-elasticities of demand just discussed—

one giving the influence via the own-price effect and the other one the influence via

the cross-price effect.

Next, consider the effect of the tax on the emissions rate eH. Differentiating the

expression for eH in Eq. (7.4) with respect to t gives

∂eH
∂t

¼ eHσ1
eH pE þ tð Þ � cH

cH pE þ tð Þ ¼ � eH
pE þ t

σ1 1� θHð Þ,

with � σ1 1� θHð Þ ¼ ∂eH
∂ pE þ tð Þ

pE þ tð Þ
eH

¼ εeH , pEþt: ð8:5Þ

As one would expect, the whole expression ∂eH/∂t is negative—an increase in the

tax will cause the emissions rate to fall: production becomes less carbon intensive,

as producers substitute the non-taxed input K for the taxed input fossil fuel. As can

be seen by differentiating the expression for eH in Eq. (7.4) with respect to ( pE+ t),
the term –σ1 (1� θH) represents the gross fuel price elasticity of the emissions rate.

Thus, this elasticity depends on the elasticity of input substitution σ1 and on

(1� θH), the cost share of input K.
Finally, plugging both Eqs. (8.3) and (8.5) into Eq. (8.1) gives the combined

effect of the tax on emissions—through both changes in demand for H and changes

in the emissions rate eH:
4

∂EH

∂t
¼ EH

pE þ t

"
ηhHθH|fflffl{zfflffl}
< 0

þ ηhMθM|fflfflffl{zfflfflffl}
> 0

�σ1 1� θHð Þ|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}
< 0

#
: ð8:6Þ

Again, the own-price effect on demand for H and the effect on the emissions

intensity lower emissions, while the cross-price effect on demand for H increases

emissions. The overall effect may be positive or negative, depending on actual

parameter values. If, however, emissions in the production of the competing good

M are not taxed, then the tax definitely helps to lower emission in the production of

H. As before, this equation can also be written in elasticity form:

4 See Allen (1938) for a similar derivation of the effect of price changes on input demand.
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εEH , pEþt ¼ ∂EH

∂t
pE þ t

EH
¼ ηhHθH|fflffl{zfflffl}

< 0

þ ηhMθM|fflfflffl{zfflfflffl}
> 0

�σ1 1� θHð Þ|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}
< 0

: ð8:7Þ

εEH , pEþt is the elasticity of emissions with respect to the gross fuel price.

In a similar fashion as with good H, the effects of taxing the other final goods X,
M, and F can be obtained. From Eq. (7.5), the impact of the tax on global emissions

is given by

∂E
∂t

¼ ∂EH

∂t
þ ∂EX

∂t
þ ∂EM

∂t
þ ∂EF

∂t
: ð8:8Þ

Again, the same relationship can also be expressed using elasticities:

εE, pEþt ¼ EH

E
εEH , pEþt þ EX

E
εEX , pEþt þ EM

E
εEM , pEþt þ EF

E
εEF, pEþt: ð8:9Þ

8.2 Production-Based Policy

We can now compare a production-based with a consumption-based policy

approach. Let us look at the production-based policy first. This policy taxes energy

use in the production of H and X at an equal rate. The production costs and thus the

prices of both H and X will therefore rise equally; and their emissions rates will fall

equally. In Foreign, production costs and thus prices and emissions rates are

unaffected by the policy and will therefore remain unchanged.

8.2.1 Global Emission Reduction and Carbon Leakage

As explained in Chap. 2, the environmental effectiveness of an abatement policy

can be defined as depending on the impact of the policy on global emissions. This

“impact” (for a marginal increase of the tax) can be calculated using Eq. (8.6)—and

similar equations for the other three goods—and (8.8):

∂E
∂tPB

¼ 1

pE þ tPB
EH ηhHθH � σ1 1� θHð Þ½ �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

<0

þ EX ηxXθH � σ1 1� θHð Þ½ �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
<0

8><>: þ

þ EMηmHθH|fflfflfflfflfflffl{zfflfflfflfflfflffl}
>0

þEFη f XθH|fflfflfflfflffl{zfflfflfflfflffl}
>0

9>=>;:

ð8:10Þ
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The superscript PB of the variable t signifies that production is the policy base. The
input cost shares θH and θX are the same; to simplify, θH has therefore been

substituted for θX in Eq. (8.10).

As emissions in the production of M and F are not taxed, there is no cross-price

effect on demand for H and X; emissions discharged in the policy region are

therefore unambiguously reduced. This can be seen in Eq. (8.10) from the first

two terms inside the curly braces. The policy thus works by lowering the emission

rates in the production of H and X and by curbing demand for H and X. The third
and the fourth term inside the curly braces, however, show that there is a cross-price

effect on demand for M and F: As the prices of both H and X rise, consumers in

Home as well as in Foreign substitute towards Foreign’s production. Thus, emis-

sions in the non-policy region rise—the third and the fourth term in Eq. (8.10)

represent what we have defined as absolute leakage in Chap. 2. Whether absolute

leakage is larger or smaller than the emissions reduction in the policy region—and

thus whether the policy helps to reduce global emissions or actually increases

them—depends on the actual parameter values of the model. Nothing in this

model inherently prevents the leakage ratio from exceeding 100 %.

As can be seen from Eq. (8.10), the magnitude of absolute leakage (through the

non-energy market channel) is positively related to the following parameters and

variables:

– The emissions associated with foreign production, EM and EF. These depend—

as can be seen from Eq. (7.3)—on the production quantities M and F as well as

on the emissions rates eM and eF (which are equal).

– The cost share of fossil fuel in domestic production, θH. As shown above, this

cost share equals the gross fuel price elasticity of the output prices. θH depends

on the technology of production and the level of the fuel price pE relative to the

price of the other input pK (or, decomposing the expressions in a different way,

one can also denote θH as the product of the emissions intensity iH and the gross

fuel price pE+ t).
– The cross-price elasticities ηmH and ηfX (i.e. the ease of substituting imports for

domestic goods in Home and foreign produced goods for exports in Foreign).

– The level of the fuel price pE (as compared to the level of the carbon price t).

The leakage ratio can be calculated by dividing the third and fourth term in

Eq. (8.10)—representing absolute leakage—by the first and second term and

reversing the sign (see Eq. 2.17). Compared to absolute leakage, the leakage ratio

lPB thus depends on additional variables and parameters that determine the effec-

tiveness of the climate policy in the policy region. Simplifying and dividing both

the numerator and the denominator by θH, we obtain
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lPB ¼ � EMηmH þ EFη f X

EHηhH þ EXηxX � EH þ EXð Þσ1 1

θH
� 1

� � ¼

¼ �
eF MηmH þ Fη f X

� �zfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflffl{> 0

eH HηhH þ XηxXð Þ|fflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflffl}
< 0

�eH H þ Xð Þσ1 cH
eH pE þ tð Þ � 1

� �
|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

< 0

:

ð8:11Þ

The second line of Eq. (8.11)—although probably looking more complicated at first

sight—is written such as to facilitate interpretation. It shows that the leakage ratio

for a production-based policy is

– positively related to the level of production in the non policy region, i.e. toM and

F, and negatively related to the level of production in the policy region, i.e. to

H andX. One also can use these levels of production to construct a simple measure

of the “size” of the policy region and the non-policy region. To that end, define

“size” as the “economic size” of the respective region, i.e. the level of GDP of the

region, and assume that the world economy does not produce any other goods

except forH, X,M, and F. Then the relative size s of the policy region—the region

Home—expressed as a share of the world economy is given by

s ¼ GDP1

GDP
¼ H þ Xð ÞpH

H þ Xð ÞpH þ M þ Fð Þ pF
: ð8:12Þ

GDP1 denotes the GDP of the policy region, and GDP denotes world GDP. The

equation makes use of the fact that pX¼ pH and pM¼ pF. Assume for the moment

that all prices are constant. Then one can see from Eq. (8.11) that—as expected—

the leakage ratio declines with the size of the abating region. Now suppose that

we double H and X in Eq. (8.11). This halves the value of the leakage ratio. What

is the effect on the relative size of the policy region? Let us denote the new size of

the policy region resulting from this thought experiment by s̃:

~s ¼ 2 H þ Xð ÞpH
2 H þ Xð Þ pH þ M þ Fð Þ pF

< 2s: ð8:13Þ

As Eq. (8.13) shows, less than doubling the relative size of the policy region will

halve the leakage ratio; or, put differently, doubling the relative size of the policy

region will reduce the leakage ratio to less than half its original value. Thus,

there is a non-linear relationship between the (relative) size of the abating

coalition and the leakage ratio. Such a non-linear relationship has also been

reported by some CGE studies—see Sect. 5.1.2. As Eqs. (8.11)–(8.13) show,

there is however no need for “non-linearities” in the model to produce such a

non-linear relationship between the size of the policy region and the leakage
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ratio—also in a model like ours, which has been “linearized” by obtaining the

derivatives of the original equations, this relationship is non-linear: the non-

linearity is simply a consequence of the form of the formula for the leakage ratio

(in particular of the fact that in that formula absolute leakage is divided not by

the global reduction of emissions, but by the reduction in the policy region only).

– The leakage ratio is positively related to the emissions rate in the non-policy

region, eF; this can immediately be seen from the second line of Eq. (8.11).

Its relationship to the emissions rate in the policy region, eH, is however

ambiguous—here counteracting effects are at work: on the one hand, an increase

in the emissions rate eH will increase the reduction of emissions by having a

stronger effect on the prices of, and thus the demand for, the taxed goods. On the

other hand, whether a higher emissions rate eH is also associated with a stronger

reduction in the emissions rate of the taxed goods depends on parameter values:

the opposite—a smaller reduction of the emissions rate—is also possible, see

Footnote 5 for details. Finally, an increase of the emissions rate eH will raise

absolute leakage—this can, for example, be seen from the last two terms of

Eq. (8.10), which depend on θH and thus on eH. From Eq. (8.11) not all of these

effects can be directly seen as the fractions have already been reduced. In

Footnote 5 it is however demonstrated that it is the relative magnitude of the

parameters ηmH, ηmH, and σ1 that decides whether the leakage ratio rises or falls

with increasing values of the emissions rate eH.
5

5 First note that eH is an endogenous variable (the value of which is determined within the model),

and not an exogenous parameter. Thus when we examine the effects of an “increase in eH” we have
to be precise about the way in which this increase is brought about. Here, we assume that eH is

changed while at the same time the quantities of goods demanded (and produced) are kept fixed,

i.e. bothH and X are fixed. This implies that the prices of these goods and thus their unit production

costs cH and cX (which equals cH) must also be fixed. In other words, we are comparing different

isoquants (stemming from different production functions) that all represent the same level of

output and that are all tangent to the same line of equal unit costs. The points of tangency for these

different isoquants differ in their factor employment ratios and thus in their emissions rate eH.
First consider the first term in the denominator in the second line of Eq. (8.11). We will label it

T1. It decreases with increasing values of eH:

∂T1

∂eH
¼ HηhH þ XηxX < 0:

Next, look at the second term in the denominator in the second line of Eq. (8.11). We will label

it T2. When differentiating this term with respect to eH, remember that cH remains fixed:

∂T2

∂eH
¼ H þ Xð Þσ1 > 0:

This term decreases with increasing values of eH. Considering the sum of both terms, i.e. the

whole denominator in the second line of Eq. (8.11), we see that it is the relative magnitudes of ηhH,
ηxX, and σ1 (and of H and X) that determine whether this sum is increasing or decreasing with

increasing values of eH:
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– The leakage ratio is negatively related to the ease of substituting other inputs for

fossil fuel in production in region Home, i.e. to the magnitude of σ1.
– The leakage ratio also depends on the price elasticities of demand for the four

final goods H, X, M, and F: It is negatively related to the absolute value of the

own-price elasticities of demand for H and X and positively related to the cross-

price elasticities of demand for M and F.

8.2.2 Effects of a Production-Based Policy
on Competitiveness

As a next step in this discussion of the effects of a production-based policy, let us

look at its consequences for international competitiveness. In Chap. 2 a simple

measure of competitiveness was introduced—the change in net exports N, defined
as exports X weighted by their price in a situation without climate policy, pX, minus

imports M, also weighted by their price in a situation without climate policy, pM.
This measure therefore takes into account changes in physical export and import

quantities triggered by the policy, but disregards changes in prices. A detailed

explanation why such a measure was chosen was given in Sect. 2.3.3. For a

production-based climate policy it takes the following form:

∂N
∂tPB

¼ ∂X
∂tPB

pX �
∂M
∂tPB

pM ¼ X pXηxXiH|fflfflfflfflfflffl{zfflfflfflfflfflffl}
< 0

�MpMηmHiH|fflfflfflfflfflfflffl{zfflfflfflfflfflfflffl}
> 0

: ð8:14Þ

To derive Eq. (8.14), equations similar to (8.2) for the goods X and M were used;

also, the fact was used that iX¼ iH. The whole equation is negatively signed: exports
fall and imports increase due to the introduction of the policy, thus the international

competitiveness of region Home decreases. The size of the effect depends on the

emission intensity in Home, the own-price elasticity of demand for X (for which

good F is substituted in region Foreign), and the cross-price elasticity of demand for

M (which is substituted for good H in region Home). The change in net exports for

region Foreign is, of course, the exact mirror image of the change in net exports for

∂ T1 þ T2ð Þ
∂eH

¼ H ηhH þ σ1ð Þ þ X ηxX þ σ1ð Þ:

The sign of this expression will decide whether the leakage ratio increases or decreases with

increasing values of eH (differentiate Eq. (8.11) with respect to eH applying the quotient rule and

the chain rule of differentiation to show this). Thus, parameter values decide whether a higher

emissions rate eH in region Home is under production-based policy associated with a larger or a

smaller leakage ratio. Loosely speaking, if the price elasticities of demand for the products H and

X are large in absolute value compared to the elasticity of input substitution, the leakage ratio will

be the smaller the larger the emissions rate in region Home.
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region Home—for Foreign, net exports (and thus also competitiveness) increase by

the same (absolute) amount by which they drop in Home.

8.3 Consumption-Based Policy

This section analyzes a mitigation policy in Home that uses not production, but

consumption as the tax base. This means that the tax will be levied on the carbon

content of goods H andM. It will cause an increase of the prices of the taxed goods,

pH and pM, and a decline of the emission rates in the production of these goods, eH
and eM.

6 The other goods prices, pX and pF, and their emissions rates eX and eF
remain unchanged.

8.3.1 Global Emission Reduction and Carbon Leakage

The impact of this consumption-based policy (identified by superscript CB) on

global emissions is given by

∂E
∂tCB

¼ 1

pE þ tCB
EH

"
ηhHθH|fflffl{zfflffl}
< 0

þ ηhMθM|fflfflffl{zfflfflffl}
> 0

�σ1 1� θHð Þ|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}
< 0

#8><>: þ

þ EM

"
ηmHθH|fflfflffl{zfflfflffl}
> 0

þ ηmMθM|fflfflffl{zfflfflffl}
< 0

�σ2 1� θMð Þ|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}
< 0

#9>=>;:

ð8:15Þ

Again, some of the effects of the policy reduce global emissions, while others—the

cross-price-effects—raise them. Without specifying the parameter values, it is,

however, not possible to decide which of these effects dominates for good H and

whether therefore overall emissions in the production of good H will rise or fall,

i.e. whether the first term inside the curly braces in Eq. (8.15) will be positive or

negative; and likewise also emissions in the production of good M may rise of fall,

i.e. the second term inside the curly braces may also be either positive or negative.

But it is possible to draw a definitive conclusion on the sign of the sum of the two

terms: using the substitution matrix of the representative consumer of region Home,

one can show that the overall impact of the tax on emissions is always negative,

i.e. global emissions will definitely fall (see Appendix 1 to this chapter for a proof).

6 Here the model of this study diverges from the standard approach followed by many studies that

do not explicitly examine the effects of differential taxation—for example the study of Fischer and

Fox (2012). As opposed to such studies, this study permits that the climate policy pursued by

Home influences production technology and thus the emissions rate eM in Foreign.
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This contrasts with a policy with production as its base, which—as we have seen—

may involve leakage ratios of more than 100 % and thus an increase in global

emissions.

From Eq. (8.15) we can also see that all effects of the policy pertain to emissions

in the production of H and M, i.e. to the emissions directly targeted by the policy.

The emissions associated with the production of X and F, on the other hand, are not
affected. This has consequences for carbon leakage: Note that we will measure

leakage according to the concept introduced in Chap. 2 for use with consumption-

oriented policies, i.e. we define (absolute) leakage as an (unintended) increase in

emissions that are not part of the tax-base of the abatement policy and that therefore

counteracts the reduction of emissions included in the tax-base—see Eqs. (2.18)

and (2.19). As explained in Chap. 2, we can thereby assess the extent to which such

unwanted “side-effects” reduce the global environmental effectiveness of a

consumption-oriented policy—which would not be possible if we were to use the

“production-oriented” leakage formulas often employed in the border adjustment

literature, as these do not tell us anything on the effectiveness of consumption-

oriented policies in reaching a global abatement target. Now, looking at Eq. (8.15),

we can see that all effects of the policy occur inside the tax-base. Thus, a

consumption-based policy does not cause any carbon leakage in our model. Of

course, it is true that the taxed goods are produced in both Home and Foreign, and

that therefore emissions measured according to the region’s production will also

change in Foreign. But here this is not considered leakage, as the policy studied

does not focus on production, but on consumption, and we therefore have to

establish where goods are consumed, and not where they are produced. Thus, we

can state a first central result of our analysis:While carbon leakage through the non-
energy market transmission channel is positive under a policy with production as
its base, it is zero under a policy with consumption as its base. Or, to put it in other
words, a production-based abatement policy is hampered by the fact that it triggers

an increase in emissions in sectors not directly targeted by the emissions tax; a

consumption-based policy is not hampered by such effects. Whether this result

implies that a consumption-based policy is environmentally more effective than a

production-based one, will be discussed in Sect. 8.4. First, however, let us examine

to what extent this result depends on the specific assumptions made in the model of

this study.

8.3.2 The Role of Specific Model Assumptions

At first glance, the result that there is no carbon leakage when consumption is the

policy base might seem surprising. Should not producers faced with a consumption-

based policy try to avoid the tax by concentrating their sales in the low-tax market,

i.e. produce more exports and less for the domestic market in Home and vice versa

in Foreign, a behavior that would raise emissions outside the policy base, i.e. cause

leakage? While it is easy to conceive of such a reaction by producers in a real-world
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setting, our model does not exhibit such a behavior. This is due to some of the

central assumptions of the model, in particular the assumption of constant returns to

scale in production and the assumption of input prices remaining constant (in the

next chapter, however, we will part with the assumption of a fixed fossil fuel price).

These assumptions result in the marginal cost curves being flat; and that, in turn, has

the consequence that producers can fully pass on any tax to consumers. Unlike

consumers, who adjust their demand to avoid the tax, producers therefore have no

profit motive to shift production according to the policy applied. Thus, leakage in

this model is caused by consumer preferences, but not by production technology.

Consumers, however, only under a production-based policy have the choice

between one product that is affected by the policy and one that is not: for consumers

in Home, emissions in the production of good H are taxed, but not those embodied

in goodM; and for consumers in Foreign, emissions embodied in good X are taxed,

but not those in good F. If this policy is introduced, consumers will therefore

increase their demand for a good that is not part of the tax-base and that leads to

carbon leakage. A consumption-based policy, on the other hand, adds carbon costs

to all products demanded by consumers in Home (and does not affect consumers in

Foreign at all). Therefore, consumers in Home have no possibility to shift their

demand to products not targeted by the policy. Their tax avoidance strategy will

only involve substituting the product with the smaller tax burden for the product

with the larger one. But as there is no product that is not taxed at all (that is outside

the tax base) in the consumption bundle of consumers in Home, there is no carbon

leakage.

Thus, the zero-leakage property of a consumption-based policy rests on some of

the assumptions of the model of this study: there must be constant returns to scale in

production and the input prices must not change with changing input demand. But

how realistic are these assumptions—does our model depict a very specific setting

that is only rarely found in real-world economies, or is it, on the other hand, a quite

reasonable approximation to real-world circumstances? Constant returns to scale

are actually the typical assumption for describing a competitive industry in long-run

equilibrium. The most common theoretical trade models like the Heckscher-Ohlin-

Samuelson model rely on constant returns to scale, and also most CGE models used

to analyze climate policies make use of this assumption. Like these CGE models,

our model actually combines the assumption of perfect competition in the home

market with the assumption of less than perfect competition internationally: goods

produced in Home and in Foreign are not the same (but only more or less close

substitutes); therefore every country enjoys some monopoly power in international

trade. This might be a realistic setting for some sectors, but not for others—many

studies find that the carbon-intensive sectors of European economies differ as

regards their exposure to international competition and their market structure

(Reinaud 2008; Monjon and Quirion 2009; Carbon Trust 2010). Developing an

analytical model of markets not characterized by perfect competition is, however,

beyond the scope of this study. As opposed to our model, in models of less than

perfectly competitive markets firms would make profits—and that would introduce

an additional motive for firms to change their behavior when confronted with an
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emission tax. Still, the question whether such models would substantially improve

our understanding of the effects of climate policy or whether the simpler setting of

the model of this study is a “good enough” approximation to real world industry

structure, can ultimately only be answered empirically. At any rate, the model of

this study can be seen as a first step in developing an analytical framework for the

comparison of production- and consumption-based policies—a step that could be

followed up at a later stage by devising more sophisticated models that do not rely

on perfect competition.

A second simplification in our model is the typical partial equilibrium assump-

tion of constant input prices. As already mentioned, this assumption will not be too

far off the empirical facts if the model is interpreted as representing only a single

(small) sector of a large economy—but if the model is seen to depict the whole of an

economy, then, of course, discrepancies may be substantial. Just like the assump-

tion of constant returns to scale, the assumption of constant input prices also

guarantees that the market supply curves for final goods are flat—and that thus

the whole tax burden is passed on to consumers. If the assumption of constant input

prices is dropped, but the assumption of constant returns to scale is upheld (note that

this is the typical setting for most CGE models), then this would result in the

following model behavior: the market supply curves for final goods would be

upward sloping as an industry that raises production and therefore increases its

factor demand drives up the prices of the factors of production, thereby raising unit

production costs. If now a tax is introduced, consumers do not bear its entire

burden: the price received by the suppliers of the good falls, but that does not

lead to a fall of producer surplus—with constant returns to scale, the owners of the

firms make no profits and therefore there is also no producer surplus. Instead, the

tax burden is shifted on to the owners of the factors of production—the prices for

these factors of production drop. Thus, in this setting the tax burden is shared by

consumers and the owners of factors of production. As opposed to a situation where

only the consumers bear the tax burden, now there will be carbon leakage: the

reduced prices for the factors of production will lead to an increase of demand for

these factors in those sectors that are not subject to the tax. Production in those

sectors—and thus also the emissions associated with production—will rise,

i.e. there will be leakage in these sectors. We can conclude that the “zero-leakage

property” of a consumption-based policy crucially depends on the assumption of

constant input prices. In practical terms, the question whether this “zero-leakage

property” is a good approximation to a specific real-world situation is therefore

decided by the price-sensitivity of input demand: if input prices hardly react to the

drop of demand for inputs triggered by the tax, then indeed there will be very little

leakage—and vice versa. For one of the inputs—fossil fuel—this will be studied in

more detail in the next chapter: there, the assumption that the fossil fuel price is

constant will be dropped.
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8.3.3 Effects of a Consumption-Based Policy
on Competitiveness

As for a production-based policy, let us also examine for a consumption-oriented

approach the consequences of the introduction of the policy for international

competitiveness. Again, we start from an equation similar to (8.2), however this

time only for good M:

∂N
∂tCB

¼ ∂X
∂tCB

pX � ∂M
∂tCB

pM ¼ 0�MpM

 
ηmMiM|fflffl{zfflffl}
<0

þ ηmHiH|fflffl{zfflffl}
>0

!
: ð8:16Þ

First, note that Eq. (8.16) is always larger than Eq. (8.14). Thus, a consumption-

based policy has less of a negative impact on competitiveness for region Home than

a production-based policy—and in many practically relevant situations it will even

have a positive impact: More specifically, the sign of Eq. (8.16) cannot be deter-

mined without knowing the values of the parameters. The typical case, however,

will be the following: as we have assumed that the emissions intensity in region

Foreign is far higher than the one in Home, i.e. iM> iH, and if we additionally

suppose that the cross-price elasticity of demand for M, ηmH, is smaller or at least

not much larger than the own-price elasticity ηmM (typically also a reasonable

assumption), the first term in parenthesis in Eq. (8.16) will in absolute value be

larger than the second term. In that case, Eq. (8.16) will be positive—the introduc-

tion of a consumption-based policy will thus enhance the international competi-

tiveness of region Home, the region implementing the policy, and will lower the

international competitiveness of region Foreign. This contrasts with the effects of a

production-based policy, which—as we have seen—unambiguously lowers com-

petitiveness in Home. The different impacts of the two policy variants on compet-

itiveness might be a further motivation for region Home to support the adoption of a

consumption-oriented policy—in addition to possible environmental motivations;

but it may also be a motivation for region Foreign to oppose consumption-based

policy approaches.

8.3.4 Border Tax Design and Producer Response

Finally, we can ask what would change in our analysis if producers reacted to the

introduction of the tax by adjusting only the “scale” of their production, but not the

production “technique” employed. There are several possible reasons why the

production technique may not be adapted: First, a change of the “technique” may

be impossible for technical reasons, for example because no other production

technology is available. This may be the case either in region Home or in region

Foreign; but under the assumptions of our analysis that Home consists of
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industrialized countries and Foreign of developing and emerging economies,

switching the production technology will typically be more of a problem for

Foreign—industrialized countries usually have a greater set of technologies at

their disposal than developing countries.

As already mentioned in Chap. 7, a second case where the tax will not trigger a

change of the production “technique” is a situation where producers have no

incentive to adopt a different technology. This, for example, may apply if the tax

is not levied according to the true carbon content of the good under question but

according to some benchmark or some value of the carbon content that was

measured once in the past, but that is not regularly updated. Then producers cannot

change their tax dues by changing the carbon content of their production—they

therefore perceive the tax as an output tax rather than as an emissions tax (see Sects.

5.2.2 and 7.1.1). Again, this is a problem that rather applies to producers in Foreign

than in Home: Domestic systems of environmental taxation usually rely on a close

monitoring of actual emissions (or at least of fuel input) and thus the tax can

immediately be adjusted if the carbon intensity in production changes. When

foreign produced goods need to be taxed, and the tax is not determined by a scheme

like the “carbon-added” system discussed in Chap. 2, it will, however, often be

difficult to establish the true content of embodied carbon of the good under

question. The analysis here will therefore concentrate on a situation where the

reaction to the policy is different in Home and in Foreign: in Home producers will

react to the tax by changing both the “scale” and the “technique” of their produc-

tion, while in Foreign they only change the “scale.”

In our model, we can represent such a situation by setting the elasticity of

input substitution σ2 equal to zero. As can be seen from the last term of

Eq. (8.15), this would make the emissions reduction brought about by a given

tax rate smaller, thus making the policy environmentally less effective. Compet-

itiveness—see Eq. (8.16)—is not directly affected by excluding a change of the

production “technique” in Foreign. But if the aim of the policy is to reach a given

amount of reduction of global emissions, then excluding effects of the policy on

the emissions rate in the production of M means that a higher tax is necessary to

reach the given reduction target than under a situation where emissions are also

reduced through a fall in the emissions rate. And the imposition of a higher tax

will—if the policy as argued above leads to an increase in international compet-

itiveness for Home—even amplify this increase in competitiveness for Home, but

at the same time also worsen the loss of competitiveness for Foreign. To

summarize, the expected loss of competitiveness will already serve as a motiva-

tion for Foreign to oppose the introduction of a consumption-oriented policy in a

situation where producers in Foreign can react to the tax on their export produc-

tion by “greening” their production technology; but if they lack the means to

make their production more environmentally friendly or if the tax is designed

such that such a “greening” of production methods is not immediately rewarded

by a reduction of tax dues, then the negative effect on competitiveness is even
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exacerbated, creating an even stronger motivation for Foreign to oppose a switch

to a consumption-oriented policy.

So far, it was assumed that the carbon coefficient used to calculate the border tax

had been obtained by assessing the carbon content of the good that was to be

taxed—even if that assessment was not repeated regularly and the benchmark thus

established therefore remained fixed for long periods of time. The difference

between the “true” carbon content of the taxed imports and the benchmark used

to calculate the tax will however typically be further exacerbated if the benchmark

is based on the carbon content of domestic products similar to the imports under

question instead of the actual carbon content of these imports. Such a scheme of

taxation may be applied either because it is technically not possible to establish the

“true” carbon content of imports, or, alternatively, to increase the chances that the

scheme conforms to international trade law (see Chap. 3). Using the notation of our

model, under this kind of taxation the gross carbon price producers of imports must

pay will not equal pE+ t, but pE + (iH/iM) t. The reduction of global emissions of

such a scheme with a benchmark based on the carbon content of “like” domestic

products can be derived following the same steps as in the derivation of Eq. (8.15).

It is given by

∂E
∂tCBB

¼ 1

pE þ tCBB
EH ηhHθH|fflffl{zfflffl}

<0

þ ηhM
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Like a consumption-based policy with a tax on imports based on the true carbon

content of these imports—see Eq. (8.15)—this benchmark-based policy (identified

by the superscript CBB) will also definitely lead to a reduction of global emissions.

The proof follows the same line as the one given in Appendix 1 to this chapter—the

only difference is that the own-price elasticity and the cross-price elasticity terms

are now multiplied by an additional factor, but this common term can be factored

out in Eq. (8.37). Under the assumption that the “true” emissions intensity of

imports is larger than that of domestic products, the emission reduction triggered

by the benchmark-based policy will however be smaller than that of the “original”

policy based on the true carbon content of imports. This can be seen by comparing

Eq. (8.17) to Eq. (8.15). First, note that the last term in brackets in the second line of

Eq. (8.15) is “missing” from Eq. (8.17). This is due to the fact that—as discussed

above—a policy based on (unchangeable) benchmarks does not provide an incen-

tive to producers to alter their input mix. Secondly, the second terms in brackets in

both lines of Eq. (8.17) are both smaller in absolute value (both by the same factor)
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than the respective terms in Eq. (8.15). Actually, as demonstrated in Appendix 2 to

this chapter, their sum is negative7 and thus these terms also contribute less to the

reduction of global emissions under a policy with a border tax based on the carbon

content of “like” domestic products than under a policy with a border tax based on

the “true” carbon content. This result is intuitively plausible: If the carbon intensity

in Home is lower than in Foreign, basing the border tax on imports on this lower

carbon intensity means that the tax burden—and thus the environmental effect of

the policy—is smaller than if the tax were calculated using the actual carbon

intensity of goods produced in Foreign.

8.4 Policy Evaluation in Terms of Environmental

Effectiveness

8.4.1 Equal Reduction of Emissions Targeted

The zero-leakage property of a consumption-based policy derived in the previous

section immediately implies the following result: If we compare a production- and
a consumption-based policy that achieve an equal (absolute) reduction of the
emissions directly targeted by the policy (i.e. of the emissions that constitute the

tax base—scenario (a) from the second paragraph of this chapter), the consumption-
based policy is the environmentally more effective one (see also Sect. 2.3.2 for the

background to this result). As an example suppose the EU promises to lower its

GHG emissions by 30 % relative to its 1990 level. This corresponds to approxi-

mately 1.7 Gt CO2 equivalent. As an alternative, the EU could switch to a policy

that targets the emissions embodied in the goods consumed on its territory and

could promise to reduce them also by 1.7 Gt CO2 equivalent (assuming that

consumption-based emissions are higher for the EU than production-based ones,

the percentage reduction now is lower, say only 25 %). The result just derived

suggests that the consumption-oriented approach is the environmentally more

effective one on a global level—as it does not involve carbon leakage, it will

lead to a reduction of global emissions of also exactly 1.7 Gt CO2 equivalent.

7 The sum of the two terms discussed in the text is:

EHηhM
iH
iM

eM pE þ tCBB
� �

cM
þ EMηmM

iH
iM

eM pE þ tCBB
� �

cM

¼ iH
iM

eM pE þ tCBB
� �

cM
HeHηhM þMeMηmMf g:

Appendix 2 to this chapter demonstrates that the expression put in curly braces is negative. But

as the factor of the expression in parenthesis is positive, we can conclude that also the whole

expression—the sum of the two terms discussed in the text—is negative.
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The production-based policy, on the other hand, will cause a reduction in global

emissions of less than the unilaterally promised 1.7 Gt CO2 equivalent—if the

leakage ratio were, say, 20 %, then the global emissions reduction would amount to

only 1.36 Gt CO2 equivalent.
8

The result just stated, however, does not imply that the consumption-based

policy will always be the more cost-effective option (see Sect. 8.7 for a discussion

of cost-effectiveness). Also note that to achieve an equal reduction of the emissions

that form the tax base one must in general adopt different tax rates (i.e. impose

different carbon prices) for the two policies being compared. If one instead com-

pares two policies with equal tax rates (i.e. the same carbon price, scenario (b) from

the second paragraph of this chapter), one cannot immediately infer that the

consumption-based policy will be the environmentally more effective one.

8.4.2 Equal Tax Rate

In this sub-section, we will look at such a comparison of policies with the same

tax rate in more detail. The difference in global emissions reduction between a

production- and a consumption-based policy—written in elasticity form—is in this

case given by9
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If the consumption-based policy is environmentally more effective, the whole

expression will be positive. For this to be the case, the two terms in the second

line of Eq. (8.18) must be small in absolute value and the two terms in the third line

must be large. The first term in the second line represents the cross-price effect on

demand for good H under the consumption-based policy. This term shows that a

consumption-based policy is less effective in reducing emissions in the production

8 The figures used in this example are chosen for ease of exposition only and should not be

considered as exact estimates of real-world data. Note that there is no unanimity in the academic

literature on both the difference between production- and consumption-based emissions for the EU

and the amount of carbon leakage that a unilateral abatement policy of the EU would cause.
9 To obtain Eq. (8.18), it was assumed that the analysis starts from a situation without any previous

tax in place. Without this assumption, the simplification that θX equals θH may not apply.
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of good H than a production-based one, as the tax on emissions embodied in good

M under the consumption-based policy leads to increased demand for good H. The
second term in the second line represents the reduction in emissions of Home’s
exports X under the production-based policy. It is large in absolute value if either

the share of emissions embodied in exports, EX, in overall emissions, E, is large, or
if EX reacts strongly to the policy—in this case the term in brackets is large. The

first term in the third line represents the reduction in emissions in Home’s imports

M under the consumption-based policy. Again, it is large if either the share of

emissions embodied in imports, EM, in overall emissions, E, is large; or if EM reacts

strongly to the policy. Finally, the last term represents leakage under the

production-based policy (the other leakage term from Eq. (8.10), the one relating

to EM, cancels).

Taken together, the question which policy is more effective cannot be answered

without knowing the magnitudes of all the relevant parameters and variables: the

amounts of emissions embodied in trade and in non-traded goods, the cost shares of

fossil fuel, the elasticities of demand, and the elasticity of substitution between

inputs in production. However, a few points warrant a more detailed discussion:10

– The magnitude of carbon leakage under a production-based policy is just one of
a number of factors that decide whether a consumption-based policy (with the

same tax rate as the production-based policy) is indeed environmentally more
effective. The other factors relate to the effectiveness of the policies in curbing

the emissions that are included within the tax base. Thus, our model-based

analysis demonstrates the validity of an argument already made when discussing

the concept of policy-induced carbon leakage: when choosing among different

policies, one should not rely exclusively on the criterion of “minimum leakage.”

– In many empirically relevant situations, EH, the amount of emissions embodied

in domestically produced goods consumed domestically, will be larger than

either EM or EX (at least, if the coalition following the climate policy is “large

enough,” i.e. it does not consist of just a few small countries). As can be seen

from the first term in the second line of Eq. (8.18), a consumption-based policy
will however be less effective in reducing emissions in the production of H than a

production-based one. This by itself, however, should not be an argument for

preferring the production-based policy: the reason why the production-based

policy is more effective in reducing EH is that consumers in Home can evade the

policy by switching to the non-taxed import good M, whereby they cause

leakage (Pan et al. (2008) term this “abatement through trade”). Thus the larger

reduction of EH under the production-based policy represents just a shift of

emissions across borders and is not reflected in a larger reduction of emissions

also on the global level. Under the consumption-based policy, on the other hand,

the cross-price effect on demand for H—the first term in the second line of

Eq. (8.18)—prevents such an easy evasion of the policy: as alsoM, the good that

10 The last two of the following four arguments have first been discussed in a similar form in

Steininger et al. (2014).
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competes with H in Home, is taxed, demand is shifted fromM towards H. In that
way, the consumption-based policy however also diminishes the reduction of

emissions in the production of H.
– Peters and Hertwich (2008) advocate a consumption-based policy on the grounds

that—with current trade flows and emissions intensities—it includes a larger

share of global emissions than a production-based policy (see the discussion in

Sect. 6.2.2). In terms of the model employed in this study, this means that EM is

larger than EX. This without doubt is one of the most convincing arguments in

favor of a consumption-based policy. Nonetheless, by itself this argument cannot

guarantee that a consumption-based policy is always environmentally more

effective. In particular, for the first term in the third line of Eq. (8.18) to be larger

than the second term in the second line in absolute value, the part of the first term

in the third line that is in brackets also needs to be sufficiently large, i.e. not only

should the amount of emissions embodied in imports be large, but imports also

need to react sufficiently strong to the policy. And that in turn depends not only

on the emissions rate in the production of imports (which is reflected in the input

cost share θM), but also on the elasticity of demand for imports, ηmM, and on the

elasticity of substitution in region Foreign, σ2. Thus, the fact that emissions in
imports exceed emissions in exports in quantity does not automatically imply that
targeting emissions in imports will lead to a larger reduction in global emissions
than targeting emissions in exports. Again, the magnitude of the parameters

characterizing demand and production technology matters.

– Expanding on the argument from the previous paragraph, the attractiveness of a

consumption-based policy—apart from its potential to avoid leakage—rests

mainly on its effectiveness in reducing emissions in imports. As discussed in

Chap. 6, in many industrialized countries these emissions have been growing

extraordinarily quickly in recent decades. From the first term in the third line of

Eq. (8.18) one can see that there are two ways to lower emissions embodied in

imports: either the demand for imports is reduced—this option is represented by

the term ηmM θM—or emissions in the production of imports are cut—this option

is represented by the term �σ2 (1� θM). As already argued in the previous

section, lowering the demand for imports reduces the competitiveness of region

Foreign, i.e. of developing and emerging economies. In the next chapter addi-

tional reasons why curbing the imports of these countries may not be desirable

will be discussed—reasons relating to the distribution of the burdens of the

policy and also to its environmental effectiveness. As will be discussed at

various points in the remainder of this study, the second option to reduce

emissions in imports, the “greening” of the production technology, does not

suffer from such disadvantages. To what extent this option will be chosen,

depends on the size of the parameter σ2, i.e. on the question whether alternative,
less carbon-intensive technologies are available in developing and emerging

economies and whether the emissions tax is designed such that it rewards the

adoption of “clean” technologies by a reduction in tax dues. In the following

chapters it will be argued that the answers to these questions are crucial

for choosing a climate policy—only if the policy does indeed trigger a
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“greening” of production methods in developing and emerging economies,

a switch to a consumption orientation can be recommended in real-world

circumstances.

Recall also from Sect. 8.3.4 that the effectiveness of a consumption-based policy

depends on whether imports are taxed according to their true carbon content or

according to some benchmark such as, for example, the carbon content of similar

domestic products. If we assume that the tax on imports is based on such a

benchmark, Eq. (8.18) changes to

εPBE, pEþt� εCBBE, pEþt ¼ � EH

E
ηhM

iH
iM

eM pEþ tCBB
� �

cM|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
<0

þEX

E
ηxXθH � σ1 1� θHð Þ½ �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

<0

� EM

E
ηmM

iH
iM

eM pEþ tCBB
� �

cM|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
>0

þEF

E
η f XθH|fflfflfflfflffl{zfflfflfflfflffl}
>0

:

ð8:19Þ

Comparing Eq. (8.19) to Eq. (8.18) one can see that by basing the import tax on the

lower carbon content of domestic products, some of the advantages of a

consumption-based policy relative to one that is production-based are lost. The

benchmark-based policy will not lead to “greening” of the production technology in

Foreign; additionally the demand for carbon-intensive imports is reduced by less

than in a scenario where the import tax is based on the true amount of emissions

embodied in imports.

To summarize the results of this sub-section, for a particular coalition of

industrialized countries choosing between a production- and a consumption-based

policy with the same carbon price, the consumption-based approach may be the

environmentally more effective one under the following circumstances:

– Leakage under a production-based policy is large.

– Emissions embodied in imports (by far) exceed emissions embodied in

exports.11

– Emissions embodied in imports react strongly to the policy; and emissions

discharged in export production do not react strongly to the policy.

– It is possible to base the import tax on the true carbon content of imports—and

not on some benchmark.

All these results can be interpreted both as relating either to individual economic

sectors of the two regions studied—interpretation (a) from Sect. 7.1.1—or to the

two regions as a whole—interpretation (b) from Sect. 7.1.1. Note however that none

11 This condition is formulated somewhat imprecisely. For a discussion of parameter restrictions

that apply see Footnote 24.
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of the conditions listed above alone suffices to make the consumption-oriented

policy the environmentally more effective one. Rather these conditions represent

“tendencies” which only if combined appropriately will guarantee a higher envi-

ronmental efficiency for the consumption-based approach. Finally, remember that

these results have been derived by means of a simplified PE model. Section 9.4 will

discuss how far they can be transferred to a general equilibrium setting.

8.5 Switching the Tax Base, But Not the Target Base

The CGE literature on border carbon adjustments (see Chap. 5) examines the

introduction of measures that often come reasonable close to a switch to a

consumption-based policy. This strand of literature, however, typically does not

ask the question what the introduction of the border measures would mean for

reaching abatement targets that are also formulated in terms of consumption—

rather it keeps the institutional background of the analysis unaltered, i.e. countries

aim to fulfill abatement targets relating to emissions discharged in production as,

for example, stipulated by the UNFCCC system of emissions accounting. Thus,

simply put, the border adjustment literature analyses the consequences of switching

the tax base (more or less towards consumption-orientation), but not switching the

target base (which is left production-oriented). As the findings of the CGE literature

have hugely influenced the political discussion on leakage and appropriate anti-

leakage measures, this section will briefly examine how these findings compare

with the results produced by the analytical model of this study. One of the central

findings of the CGE literature is that the border measures typically reduce carbon

leakage—but note that in that strand of literature leakage is calculated for a

production-based target, i.e. using formulas (2.16) and (2.17). Thus, this finding

from the CGE literature has a different meaning than the results on carbon leakage

under a consumption-based policy derived in the previous two sections of this

study. However, in this section we will use our model to examine leakage also for

production-based targets in order to allow a comparison to the findings of the CGE

literature. Apart from making possible such comparisons, the setting of this sec-

tion—changing the tax base, but not the target base—may also be interesting for an

additional reason: it facilitates the analysis of a scenario where a country or a group

of countries switches to a consumption-orientation in its climate policy (probably

motivated by concerns for global emissions), but where the international climate

policy framework is not changed. Thus these countries still have to fulfill their

obligations under the UNFCCC framework (whether bound by a treaty like the

Kyoto Protocol or by voluntary pledges), and these obligations refer to emissions in

production. The countries will therefore want to know how they perform according

to these production-based targets—even though they now follow a consumption-

based policy.

In contrast to the previous sections, we are thus now not interested in the effect

of the policy on global emissions, but solely in the effect on the emissions
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discharged in the production of the country introducing the policy, i.e. the emis-

sions in the production of H and X. From Eqs. (8.15) and (8.18) we see that a

consumption-based policy does not reduce emissions in the production of X at all,

and also in the reduction of emissions in the production of H it is less effective than

a production-based policy: see the first term in the second line of Eq. (8.18).

Actually, with certain parameter values a consumption-based policy can effect

not a reduction, but even an increase of emissions in the production of H—and

therefore also in the production of H and X taken together. For this to be the case,

the middle term in brackets in the first line of Eq. (8.15) must be larger than the first

and the third term in absolute value. Then, the sum of all three terms inside the

brackets is positive, which means that emissions in the production of H rise.

A typical situation that leads to such effects might look as follows: the emissions

rate in Foreign is far larger than the one in Home. Thus, the tax levied on imports

from Foreign will also be higher than the one on domestic products. In Home,

domestic production and imports both become more expensive, but as the price

increase of imports is far higher than the one of domestic production, consumers

demand less imports and more domestically produced goods. Production of domes-

tic goods increases; and the additional emissions from this additional production

more than outweigh the emissions savings that occur because the tax induces firms

to produce the domestic good with a lower emissions rate. Thus, emissions

discharged in region Home rise. Such a scenario will not only make Home miss

its production-based emissions reduction target, it might also result in Home being

heavily criticized by other countries for not taking its due share in international

mitigation efforts: Home has introduced a policy that allows its own industry to

increase emissions while causing emissions reductions in the industry of other

countries.

However, it is not only the emissions reduction in production in region Home

that is smaller under a consumption-based than under a production-based policy,

the same also holds true for absolute carbon leakage calculated for a production-

based mitigation target, i.e. using formula (2.16). As can be seen by comparing

Eqs. (8.10), (8.15), and (8.18), a production-based policy leads to an increase of

emissions in sector F, while a consumption-based policy does not cause any change

of emissions in this sector. And regarding sector M, the production-based policy

also leads to an increase in emissions, while the consumption-based one leads to a

lesser increase or—even more typically—a drop of emissions.12 Thus, absolute

12Under a consumption-based policy, emissions in the production of M and F taken together will

fall if emissions in the production of M fall (as the production of F is not affected by a

consumption-based policy). From the properties of the substitution matrix of the representative

consumer in Home we know (see Appendix 1 to this chapter) that either the emissions in the

production of H or those in the production ofM or those in the production of both goods must fall.

But as we have assumed that the emissions rate in the production of M is (by far) larger than the

one in the production of H, it will indeed typically be the emissions in the production ofM that fall

(although—depending on the actual values of the elasticities of demand—an increase of the

emissions in the production of M cannot be excluded).
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leakage (measured for a production-based target) is smaller for a consumption-

based policy than for a production-based one, and it may also fall below zero,

i.e. there may be “negative absolute leakage.” But as not only absolute leakage, but

also the emissions reduction in region Home is smaller for the consumption-based

policy (i.e. the numerator as well as the denominator of Eq. (2.17) are smaller), the

leakage ratio can be either larger or smaller than that of the production-based

policy. Thus, the result so typical for the CGE literature that also the leakage

ratio (calculated for a production-based target) is smaller under a consumption-

oriented policy is not guaranteed within the framework of our model. To ensure it,

we have to restrict the range of permissible parameter values: loosely put, if leakage

under the production-based approach is large, if the policy is more effective in

reducing emissions in imports than in exports, and if no huge amount of additional

emissions in domestic production for domestic consumption is triggered by a switch

to a consumption policy base, then the consumption-based approach is likely to be

the one with the smaller leakage ratio. But note that the meaning of leakage

calculated in this way is difficult to interpret—at any rate it does not have an

informative value as regards the global environmental effectiveness of the policy.

Summing up, a consumption-based policy is less effective than a production-

based one in reaching a target defined in terms of production-based emissions. It

also leads to less absolute leakage (measured with regard to the production-based

target), but whether the leakage ratio is also smaller, depends on the specific

parameter values.

8.6 Policy with Import Tax, but Without Export Rebate

The CGE literature on border adjustments (see Chap. 5) and the literature on the

design of border measures (see Chap. 10) often discuss policies that complement a

production-based policy with import border adjustments, but that do not foresee an

export rebate. In terms of the model of this study, this corresponds to taxing

emissions produced in the sectors H, X, and M—only emissions in sector F are

not taxed. Thus, such a policy includes a larger share of global emissions than either

a “pure” production- or a “pure” consumption-based policy; in a certain sense, it

combines the two policies. In the following equations, this policy variant will

therefore be labeled by the superscript PC (for production plus consumption). In

the text, it will be termed “import-tax-only” policy for short. Note that the analysis

will be confined to policies that apply a uniform carbon tax rate (or carbon price) to

all sectors included; policy variants that apply different tax rates to production and

to consumption such as those studied by Markusen (1975), Hoel (1996), and Gross

(2009)—see Sect. 4.1—are not examined here.
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8.6.1 Environmental Effectiveness of “Import-Tax-Only”
Policy

Let us calculate the impact on global emissions of such a policy targeting three of

the four sectors of our model. The derivation is similar to that for the production-

and the consumption-based policy:

∂E
∂tPC

¼ 1

pE þ tPC
EH ηhHθH|fflffl{zfflffl}

< 0

þ ηhMθM|fflfflffl{zfflfflffl}
> 0

�σ1 1� θHð Þ|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}
<0

264
375

8><>: þ

þ EX ηxXθH � σ1 1� θHð Þ½ �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
< 0

þ

þ EM ηmHθH|fflfflffl{zfflfflffl}
> 0

þ ηmMθM|fflfflffl{zfflfflffl}
< 0

�σ2 1� θMð Þ|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}
< 0

264
375þ

þ EF η f XθH|fflfflfflfflfflffl{zfflfflfflfflfflffl}
> 0

9>=>;:

ð8:20Þ

The individual terms of Eq. (8.20) combine the terms we already know from the

discussion of the production-based and the consumption-based policy. As with

the consumption-based policy, the terms in the first and in the third line taken

together are negatively signed; as with the production-based policy, the terms in the

second line of Eq. (8.20) are also negatively signed. Only the fourth line is

positively signed—it represents leakage triggered by the tax on good X. The
whole of Eq. (8.20) is thus negatively signed—representing a decrease in global

emissions—if the leakage term does not dominate the terms in the first three lines

taken together.

Is this policy encompassing three of the four sectors of the model of this study

environmentally more effective than either a production- or a consumption-based

policy? Again, we can compare the policies for two different scenarios: either we

keep the reduction of emissions directly targeted by the policy constant—scenario

(a) from the second paragraph of this chapter, or we keep the carbon price

constant—this was termed scenario (b). Let us start with scenario (a): the tax

base now encompasses the sectors H, X, and M. The last term of Eq. (8.20)

represents the only impact of the policy that occurs outside the tax base. We may

characterize this impact as “carbon leakage.” Note however that in that case the

definition of leakage does not conform to the one given in Eqs. (2.16)–(2.19)—even

though the “meaning” of the term “carbon leakage” is still the same: it represents a

change in emissions not directly targeted by the abatement policy, which counter-

acts the aim of the policy. The difference to the definitions from Chap. 2 is that now
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sector F is the only sector not directly targeted by the policy.13 As discussed in

Sects. 8.3 and 8.4, for a consumption-based policy our model shows that all effects

of the policy occur inside the tax-base and therefore there is no carbon leakage,

while for a production-based policy effects counteracting the policy (“leakage”)

occur in the non-targeted sectors M and F. For scenario (a) mentioned above the

consumption-based policy is thus clearly the environmentally most effective one, as

it does not involve leakage. How do the other two policy variants compare to each

other? The production-based policy involves leakage in two sectors (M and F); the
import-tax-only policy in only one—sector F. Let us compare leakage in this sector

for the two policy variants: To switch from the production-based variant to the

import-tax-only variant, sector M must be added to the tax base. If this leads to a

larger reduction of emissions at the original tax rate,14 then—in order to keep the

reduction of emissions directly targeted by the policy constant—one has to lower

the tax rate for the import-tax-only policy. But as leakage is increasing in the tax

rate, leakage in sector F will, under these conditions, be lower for the import-tax-

only policy than for the production-based policy. The import-tax-only policy thus

ranks second of the three policy variants in terms of environmental effectiveness—

it causes no leakage in sector M and less leakage than the production-based policy

in sector F; and third and thus least effective is the production-based policy, which

involves leakage in both M and F.
As discussed in Sect. 8.4.1, comparing policies according to scenario (b),

i.e. considering policies that apply the same carbon price, is, however, typically

more informative than a comparison according to scenario (a): Let us start such an

examination according to scenario (b) by first comparing the import-tax-only policy

to a consumption-based approach. Equation (8.21) is written in elasticity form:

εPCE, pEþt � εCBE, pEþt ¼
EX

E
ηxXθH � σ1 1� θHð Þ½ �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

<0

þEF

E
η f XθH|fflfflfflfflffl{zfflfflfflfflffl}
>0

: ð8:21Þ

As compared to a “pure” consumption-based policy, the import-tax-only policy

additionally brings sector X into the scope of the policy. This involves two terms

that bring about a reduction in emissions—the first two terms on the right hand side

13Absolute carbon leakage for an “import-tax-only” policy will be labelled LPC, and the leakage

ratio will be labelled lPC. The two concepts can be defined as follows:

LPC ¼ ΔEF and lPC ¼ ΔEF

� ΔEH þ ΔEX þ ΔEMð Þ :

14 Adding a new sector to the policy base will increase the reduction of emissions targeted by the

policy if it does not cause counteracting effects in sectors targeted before that are larger than the

emissions reduction in the new sector. For a detailed discussion—relating however to global

emissions and not just to emissions within the policy base—see the paragraph following

Eq. (8.22).
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of Eq. (8.21)—but also a “leakage term” that causes an increase in emissions by an

increase of demand for the good competing with X, good F. This can be seen from

the last term of Eq. (8.21). If the reduction of emissions caused by the tax in sector

X is larger in absolute value than the amount of leakage caused by it, then the

import-tax-only policy will be environmentally more effective (i.e. will cause a

larger reduction in global emissions) than the consumption-based one. In that case,

the whole of Eq. (8.21) will be negatively signed. A similar comparison can be

made for a production-based policy:

εPCE, pEþt � εPBE, pEþt ¼
EH

E
ηhMθM|fflfflfflfflffl{zfflfflfflfflffl}
> 0

þEM

E
ηmMθM � σ2 1� θMð Þ½ �|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

< 0

: ð8:22Þ

Now, the import-tax-only policy adds the sector M to the “pure” production-based

policy. Again, this involves two emissions reduction terms—the last two terms on

the right hand side of Eq. (8.22)—and a counteracting term—the first term on the

right hand side. In this case, however, the counteracting term does not describe

“leakage,” as the counteracting effect occurs in a sector that is included in the scope

of the combined policy, in sector H: it represents a shift in demand from goodM to

good H caused by the introduction of the tax on emissions embodied inM. Again, if

the whole equation is negatively signed, then the import-tax-only policy will be the

environmentally more effective option. This will always be the case if—as we have

assumed—the emissions intensity in the production of the foreign good M, iM, is
larger than the emissions intensity in the production of the domestic good H, iH.
Intuitively, taxing a carbon-intensive good should lower emissions even if the tax

shifts some of the demand to another good, as this “other” good—H in our case—is

produced with a lower carbon-intensity. A formal proof is given in Appendix 2 to

this chapter.15

To summarize: the “import-tax-only” policy (if compared for a uniform carbon

price across policy variants) leads to a larger reduction in global emissions and is

thus environmentally more effective than either a production- or a consumption-

based policy under fairly general conditions: the only assumptions required are that

leakage caused by the introduction of carbon pricing in the domestic export sector

X is less than 100 %, and that the carbon intensity of importsM is larger than that of

domestic production H.

15 Start from Eq. (8.22) and disregard the last term (which is negative) for the moment. Simplifying

the other two terms on the right hand side and using the relationships EH¼HeH and EM¼MeM,
we see that Eq. (8.22) will be definitely negative if

HeHηhM < �MeMηmM:

This is the relationship discussed in Appendix 2 to this chapter. It always holds true if iM> iH.
Under this condition an import-tax-only policy will therefore be environmentally more effective

than a production-based policy.
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8.6.2 Impact of an “Import-Tax-Only” Policy
on Competitiveness

The effects on international competitiveness of the introduction of an “import-tax-

only” policy will—as in the case of the production- and the consumption-based

policy—again be measured by the (marginal) change in net exports N:

∂N
∂tPC

¼ ∂X
∂tPC

pX � ∂M
∂tPC

pM ¼ X pXηxXiH|fflfflfflfflfflffl{zfflfflfflfflfflffl}
< 0

�MpM ηmMiM|fflffl{zfflffl}
< 0

þ ηmHiH|fflffl{zfflffl}
> 0

0B@
1CA: ð8:23Þ

From the perspective of region Home, there are two terms in Eq. (8.23) that lower

its international competitiveness, the first and the last term on the right hand side,

and one term that increases its competitiveness, the middle term on the right hand

side. Overall—without knowing the specific parameters values—it cannot be

decided whether Home’s international competitiveness rises or falls: Home’s
exports are reduced, but—at least for typical parameter values—also Home’s
imports decline. The “import-tax-only” policy thus occupies the middle ground

between policies targeting production and policies targeting consumption—it will

neither increase Home’s competitiveness as much as a consumption-based policy

would (assuming typical parameter values), nor will it decrease Home’s competi-

tiveness as much as a production-based policy. And, of course, also for Foreign,

which experiences exactly the opposite effects on its competitiveness as Home, the

“import tax only” policy strikes a balance between a policy typically perceived as

advantageous and one perceived as disadvantageous. Hence, this policy variant

might stand a greater chance of being politically acceptable to both industrialized

and developing countries than either of the “pure” policy variants.

8.7 Climate Policy Costs

This section examines the costs caused by the different variants of abatement policy

compared in this chapter. As Weyant and Hill (1999, xvii) explain, abatement costs

measured on the level of a whole economy “reflect the loss of surplus by consumers

who are no longer willing to buy” the goods that have become more expensive due

to the carbon tax (or other climate policy instrument) and also the loss of “producers

who no longer find it profitable to produce” these goods. In our model, producers do

not make profits in equilibrium and thus there is no producer surplus; all costs

therefore represent the losses of surplus by the representative consumers in the two

regions.

For the policy to be economically efficient, its costs have to be outweighed by

environmental benefits. We will not attempt to estimate the environmental benefits
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of different policies—we just assume that they increase with the level of emissions

reduction. This assumption will allow us to identify the more cost-effective policy

even without specifying the size of benefits for the following two scenarios: either

we compare two policies which cause the same level of emissions reduction but

involve different abatement costs; or we compare two policies with the same

abatement costs but different levels of emissions reduction (see Sect. 2.3.1).

In the following, the term cost thus always refers to costs net of any environ-

mental benefits, i.e. to the “pure” costs of abatement. In our model, these costs are

not given by explicit abatement cost functions. Rather, they are represented implic-

itly by the functions characterizing production and demand. As already discussed,

these functions provide for different methods to reduce emissions: seen from the

perspective of the consumer, either the “scale” of consumption may be reduced; or

the “composition”16 of consumption may be altered—the relatively “cleaner” good

may be substituted for the relatively “dirtier” one, or the “technique” of production

of the goods may be changed—less of the polluting input fossil fuel may be used.

And the possibility to change the “composition” of consumption also allows for

what we might term “pseudo-abatement,” i.e. shifting emissions to the other region

and thereby causing carbon leakage. Of course, this possibility reduces costs per

unit of reduced emissions only if these costs are not measured on a global basis, but

separately for one of the two regions of the model. We will, however, start our

discussion of costs by looking at global cost measures.

8.7.1 Policy Evaluation in Terms of Cost-Effectiveness

Most economists see cost-effectiveness as a more attractive policy evaluation

criterion than environmental effectiveness—see Sect. 2.3.1. In fact, the comparison

of abatement policies with equal tax rates performed in Sects. 8.4 and 8.6 can be

interpreted as a very simple cost-effectiveness analysis. To see why, note that

producers and consumers will choose their level of abatement such that in equilib-

rium the tax rate (or carbon price) will equal marginal abatement costs. Thus the

marginal abatement costs for the policies with equal tax rates are also equal. Now,

given that marginal abatement costs are not decreasing with the level of abatement,

the more cost-effective policy can easily be identified—it is the one that brings

about the greater reduction in global emissions.

16 Note that this change of the “composition” of consumption is conceptually somewhat different

from the term “composition effect” introduced by Grossman and Krueger (1991). These two

authors refer to a change of the size of the various sectors that make up a country’s production. In
the model of this study, each region produces only one good (or has only one “sector”) for

domestic consumption. Thus, it does not exhibit a “composition effect” in the sense of the concept

of Grossman and Krueger. Rather, the only substitution possible for consumers is between

domestically produced and imported products.
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Figure 8.1 illustrates how this “simple method of cost-effectiveness analysis”

works. Consider first panel (a)—it depicts a method of cost-effectiveness analysis

sometimes applied in the CGE literature on border adjustments (see e.g. Boehringer

et al. 2012). The idea is to compare two policies that bring about an equal reduction

of emissions. E0 is the level of emissions before the introduction of the policy.

Emission shall be lowered to E1. Policy A with marginal abatement cost curve

MACA requires a tax rate tA to achieve this target; policy B with marginal abatement

cost curveMACB a tax rate tB. The tax rate tB and thus the marginal abatement costs

of policy B at emissions level E1 is lower than tA and thus the marginal abatement

costs of policy A at emissions level E1. The total costs of the emissions reduction are

given by the area under the marginal abatement cost curve between E1 and E0,

i.e. area C for policy B and area C +D for policy A. One can see that total costs are

smaller for the policy with lower marginal abatement costs at E1, i.e. policy B—
marginal abatement costs can therefore serve as an indicator to identify the policy
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Fig. 8.1 (a) Cost-

effectiveness of policies

causing an equal emissions

reduction. (b) Cost-

effectiveness of policies

with the same tax rate (see

the main text for details)
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with lower total costs. The argument, of course, rests on the assumption that the

marginal abatement cost curves are not decreasing with the level of abatement.

Now look at Fig. 8.1b. This panel shows the kind of policy comparison applied

in this study. This time, the two policies are not compared at the point where the

emissions reduction is the same for both policies; rather it is assumed that an equal

tax rate tA is introduced for both policies—thereby marginal abatement costs are

equalized between the policies. As we already know, with tax rate tA policy

A reduces emissions to level E1. Additionally, we can see that policy B with this

tax rate reduces emissions to level E2, which is a larger reduction than that brought

about by policy A. Thus, now we can identify the policy with the lower total costs

(for a given level of emissions reductions) by the fact that it is the one that leads to a

larger emissions reduction for a given tax rate. Again, the precondition that

marginal abatement costs are not decreasing with the level of abatement is essential.

For our model this holds true—it is a consequence of the form of the production and

demand functions assumed.

According to these arguments, the comparison of different policies with the

same tax rate performed in Sects. 8.4 and 8.6 qualifies as such a simple form of cost-

effectiveness analysis as depicted in Fig. 8.1b—only that the equal tax rate applied

in these sections was an infinitesimal rate. Thus all results stated in Sects. 8.4 and

8.6 for environmental effectiveness also hold for cost-effectiveness.17

To recap the main results so far, whether a production- or a consumption-based

policy applying the same carbon price is environmentally more effective—and, as

the arguments of this subsection show—thus also more cost-effective depends on

the specific values of the parameters in our model. An “import-tax-only” policy,

however, is environmentally more effective and therefore more cost-effective than

the two other policy variants under fairly general conditions.

At least two objections could be raised against this finding—especially against

qualifying the “import-tax-only” policy as more cost-effective than the

consumption-based policy variant: First, will the “import-tax-only” policy not

introduce additional distortions by just taxing one of two goods demanded by the

same representative consumer—more specifically by driving a wedge between the

prices of good X (the emissions embodied in which are taxed) and good F (the

emissions embodied in which are not taxed), which are both demanded by the

representative consumer in Foreign? The consumption-based policy, on the other

hand, does not drive a wedge between goods demanded by the same consumer:

Both goods sold in Home are taxed, and both goods sold in Foreign are not taxed.

While this argument is correct, it does not automatically render the consumption-

based policy the more cost-effective one. First of all, a first-best policy would tax

17One further qualification of such a type of analysis should be mentioned: as, for example, Stern

(2007) points out, marginal abatement costs are a only very crude approximation to total or

average abatement costs and their use may therefore be misleading. This warning, however,

applies more to studies interested in estimating the actual size of costs incurred by abatement

policies. Here, on the other hand, we are less interested in quantitative results, and more in

discovering the basic economic relationships characterizing unilateral abatement policies.
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emissions in all four sectors of our model economy. Both the consumption-based

and the “import-tax-only” policy are only second best options and both therefore

involve distortions—the consumption-based variant by excluding even two sectors

from the scope of the policy. Secondly, the inclusion of an additional sector in the

scope of the policy enlarges the emissions base the policy is applied to. But with

increasing marginal abatement costs it is always cheaper to reduce a large emis-

sions base by a small amount than to reduce a small emissions base by a large

amount in order to achieve a given absolute emissions reduction. Thus the policy

with the larger emissions base will be the more cost-effective one. This result may

be intuitively convincing—however, it rests on a precondition: bringing an addi-

tional sector into the scope of the policy may have effects on the reduction of

emissions in all other economic sectors globally. For example, the inclusion of the

additional sector may cause leakage, i.e. a countervailing effect of the policy

outside the policy region. Furthermore, the additional sector may also induce

countervailing effects within the policy region. Thus, to be precise, only if these

counteracting effects in other sectors are smaller than the emission reduction in the

additional sector, does adding this sector indeed increase the cost-effectiveness of

the policy. For the model of this study, these conditions are met—see the arguments

in Sect. 8.6.1. But, for example, Steininger et al. (2014), using data from the EMF

model comparison study discussed in Sect. 5.2.3, find that a consumption-based

policy is (albeit only a little) more cost-effective than an “import-tax-only” policy.

A second argument that might be employed to contest the greater cost-

effectiveness of the “import-tax-only” policy is the following: Abatement options

in developing countries are far cheaper than abatement options in industrialized

countries. Therefore to further cost-effectiveness more emissions embodied in the

imports from developing and emerging economies should be reduced rather than

including the export sector of industrialized countries within the scope of the

policy. Thus, a consumption-based policy would be the better choice. This argu-

ment may be correct if separate quantitative emissions reduction targets are set for

the imports going to industrialized countries and for their exports. But it does not

apply to the scenario studied here: if the same tax rate is set for imports and exports,

abatement in both sectors will be driven up to the point where marginal abatement

costs equal the tax rate. Thus in both sectors the efficient amount of abatement will

be chosen. If, as argued, the abatement of emissions embodied in imports is much

cheaper than the abatement of emissions discharged in the production of exports,

then most of the emissions reduction will indeed be achieved in the import sector

while in the export sector only those few abatement projects will be realized which

have marginal abatement costs lower than the tax rate. But there is no need to

completely exclude the export sector from the scope of the policy by pursuing a

consumption-based policy variant—the application of a uniform tax rate will

guarantee that no abatement that is not cost-effective will occur in this sector.
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8.7.2 Welfare Effects of an Emission Tax

To be able to attribute global abatement costs to the two regions, these costs have to

be determined in more detail. To that end, we have to make the typical assumptions

for welfare analysis in partial equilibrium, i.e. all prices except for pH, pX, pM, and
pF are fixed, there are no income effects on demand for H, X,M, and F, and utility is
linear in all goods except for H, X, M, and F. The representative consumers of the

two regions thus have quasi-linear utility functions. For each of the two represen-

tative consumers, utility (net of costs) derived from the consumption of the two

goods in their consumption bundle can under these assumptions be measured by

Marshallian surplus (denoted by S in the following), i.e. by the area below the

demand curves for the two goods and above the (constant) market supply curves.

The costs of the various abatement policies are then given by the change in

Marshallian surplus triggered by the introduction of the policies. Additionally, we

also need to be careful to correctly attribute tax revenues. These are fully recycled

to consumers and thus on the global level are of no major concern. For each region

individually, attribution however matters, as it is not necessarily the case that the

representative consumer who bears the tax burden is also the one who receives the

tax revenues.

In the economic literature, welfare analysis in such a partial equilibrium setting

is typically performed for output taxes. The “emissions tax” of our model is,

however, equivalent to an input tax. The main difference is that unlike an output

tax it does not only affect prices and quantities demanded and supplied of final

goods, but also the choice of inputs in their production—represented in our model

by the emissions rate. Therefore, for the analysis of this study the standard “text-

book” approach of welfare analysis needs to be adapted to take account of possible

welfare effects of the input choice. The method of this study relies on comparative

statics and the linear approximation of policy effects. More specifically, there are

no cross-effect or interaction terms between the two main channels of policy

impact, i.e. between the changes in final goods prices triggered by the introduction

of the tax and the change in the emissions rate triggered by the introduction of the

tax.18 This facilitates examining the “price effect” and “the emissions-rate effect”

separately also in welfare analysis. Only the “price effect” will have consequences

for the size of the Marshallian surplus. On the other hand, due to the absence of

cross-effects, the change of the emissions rate will not influence the surplus. It will,

however, influence the revenues made through the emissions tax—thus in cases

18 For example, in the calculation of the effect of the tax on goods prices, our model uses the “pre-

tax” emissions rate. Actually, of course both variables—the goods prices and the emissions rate—

change simultaneously when the tax is introduced. A “correct” calculation would therefore, when

calculating the effect of the tax on goods prices, use an emissions rate that also reflects the effect of

the tax. Such “cross-effects” are, however, disregarded in an analysis that relies on linear

approximation.
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where they are not recycled to the consumer who also bears the tax burden, these

revenues need to be correctly accounted for.

Let us start our analysis by first considering a single sector of the model, say the

production and consumption of good H, and by first looking on the “price

effects”—and not the “emissions rate effects.” The Marshallian surplus in this

sector is given by

SH ¼ uH h pH tð Þ, pM tð Þð Þf g � cHh pH tð Þ, pM tð Þð Þ: ð8:24Þ

uH is the utility derived from the consumption of H, h is—as before—the demand

function for good H, and cH are the unit costs of producing H net of any tax.

Equation (8.24) thus assumes that all taxes are recycled to the representative

consumer. We can now examine the change of surplus—which, if its algebraic

sign is reversed, represents the costs of the policy—for a change of the tax t by one
(infinitesimal) unit. For technical reasons, however, it is impossible to perform this

type of analysis starting with a zero tax—in this case the introduction of an

infinitesimal tax would not show any effect on welfare. Rather, one has to assume

a pre-existing tax and then examine the consequences of changing this pre-existing

tax by one infinitesimal unit:19

∂SH
∂t

¼ ∂uH
∂h

∂h
∂pH

∂pH
∂t

þ ∂h
∂pM

∂pM
∂t

� �
� cH

∂h
∂pH

∂pH
∂t

þ ∂h
∂pM

∂pM
∂t

� �
: ð8:25Þ

The two terms inside the brackets give the two effects described in the paragraphs

after Eq. (8.2): the effect on demand for H working through changes in the own-

price of H and the one working trough changes in the cross-price, i.e. the price of

competing good M. Both terms together equal ∂H/∂t. Additionally, with quasi-

linear utility ∂uH/∂h¼ pH. Using these relationships and simplifying, we obtain

∂SH
∂t

¼ pH � cHð Þ|fflfflfflfflfflffl{zfflfflfflfflfflffl}
~t

∂H
∂t

: ð8:26Þ

As before, t represents the input tax on fossil fuel. However, the difference between
the price of good H, pH, and its unit production costs, cH, does not equal this input
tax t; rather it is given by an output tax that is equivalent to input tax t. Equivalence

19Mas-Colell et al. (1995, 332) provide the following explanation: “[S]tarting from a position

without any tax, the first order welfare effect of an infinitesimal tax is zero. Only as the tax rate

increases above zero does the marginal effect become strictly negative. This is as it should be: if

we start at an (interior) welfare maximum, then a small displacement from the optimum cannot

have a first-order effect on welfare.” Also in sectors of our model that are not directly targeted by

the emissions tax (for example, all sectors in Foreign under a production-based policy pursued by

Home), a pre-existing tax must be assumed—otherwise, the cross-price effects in these sectors

(responsible, for example, for leakage) would all have zero impact on welfare (Mas-Colell

et al. 1995, 349).
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shall be defined such that the tax revenue (designated by T ) of t and the output tax—
which will be labeled~t—be the same. This definition of equivalence can be used to

determine the size of the output tax:

TH ¼ EHt ¼ Het ) et ¼ EH

H
t ¼ eHt: ð8:27Þ

As a next step, substitute Eq. (8.27) for et in Eqs. (8.26) and (8.2) for ∂H/∂t:

∂SH
∂t

¼ eHt
∂H
∂t

¼ tEH ηhHiH|fflffl{zfflffl}
<0

þ ηhMiM|fflffl{zfflffl}
>0

0B@
1CA : ð8:28Þ

Equation (8.28) shows that a tax on emissions in the production of goodH leads to a

reduction of surplus, i.e. it causes positive costs. If, however, emissions embodied

inM are also taxed, the welfare costs accruing in sectorH are reduced and may even

become negative (note, however, that a tax on emission in M will cause costs

accruing in sector M, which are not shown in Eq. (8.28)). Again, the overall effect

depends on parameter values.

Graphically, Eq. (8.28) gives what would be termed an infinitesimal change of the

area of the “deadweight loss triangle” if the tax were a distortionary tax. The tax,

however, is not distortionary; it rather corrects a distortion caused by a negative

externality. Therefore, in this case, the triangle under question represents not dead-

weight loss, but abatement costs—in the sense of a “sacrifice” borne by consumers.

Next, consider the effect of a change in the tax rate t on the tax revenue

TH¼EH (t) t in sector H:

∂TH

∂t
¼ ∂EH

∂t
t|fflffl{zfflffl}

<0*

þ EH|{z}
>0

¼ teH
∂H
∂t|fflfflffl{zfflfflffl}

<0*

þ tH
∂eH
∂t|fflfflffl{zfflfflffl}

<0

þ EH|{z}
>0

:

*assuming no change of tax in competing sector M

ð8:29Þ

An increase of the tax rate by one (infinitesimal) unit on the one hand raises the tax

revenue by the number of emissions units taxed, EH. On the other hand, the increase

of the tax rate causes a drop of emissions by ∂EH/∂t, which lowers the tax revenue

by this amount times any previous tax t (assuming that there is not also a change of

the tax on competing goodM ). For a sufficiently small tax t the overall effect of an
increase of the tax on the tax revenue must be positive, but there is a tax level from

which onward a further increase in the tax level lowers the tax revenue.

The expression after the second equality sign in Eq. (8.29)—using Eq. (8.1)—

splits the term (∂EH/∂t) t into two parts reflecting the two effects discussed above—
the “price effect” (the first term after the second equality sign) and the “emission-

rate effect” (the second term after the second equality sign). Let us compare these

terms to Eq. (8.28), which gives the cost of the policy: These costs equal the first

term after the second equality sign of Eq. (8.29), i.e. only the part of the reduction of
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the tax revenue that is due to the “price effect” also constitutes a loss in consumer

surplus and therefore qualifies as “abatement cost.” The loss in tax revenue due to

the “emissions-rate effect,” on the other hand, does not influence final goods prices

(recall that we have excluded cross-effects) and therefore does not affect the

surplus. If it is the same consumer who bears the tax burden and who receives the

tax revenues, then this consumer is indifferent to this loss in tax revenue as she is

fully reimbursed for any gains or losses in tax revenues because of the recycling of

the tax. Or put in other words: the “emissions rate effect” does not influence the size

of the “deadweight loss triangle”—which in our case actually is an “abatement cost

triangle.” In the model of this study thus abatement that changes goods prices

causes costs while abatement that changes the emissions rate in production does not

cause costs. In part this result is, of course, due to the specifics of the model—the

exclusion of second-order effects. Still, there is some practical relevance to this

result—it shows that only in a situation where there is no possibility of “abatement

by change of technique” abatement costs will be fully passed on to consumers and

thus have a direct influence on consumer welfare.

8.7.3 Distributional Impacts of the Different Policy Variants

The discussion so far has established the “building blocks,” which we may now

combine to derive the overall effect on costs of a change in the tax for the two

representative consumers of the model. We start with a production-based policy and

the representative consumer in region Home and use the fact that the expressions

for abatement costs and tax revenues in the other three sectors of our model are

similar to those derived in Sect. 8.7.2 for sector H:

∂S1
∂tPB

¼ ∂SH
∂tPB

þ ∂SM
∂tPB

þ ∂TX

∂tPB
¼

¼ tEHηhHiH|fflfflfflfflffl{zfflfflfflfflffl}
< 0

þ tEMηmHiH|fflfflfflfflfflffl{zfflfflfflfflfflffl}
> 0

þ tEXηxXiX|fflfflfflfflffl{zfflfflfflfflffl}
< 0

�tEXσ1
1� θX
pE þ t|fflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflffl}

< 0

þ EX|{z}
> 0

: ð8:30Þ

As before, a negative change in surplus S represents a positive (marginal) cost of the

policy. The representative consumer in Home consumes goods H and M; as can be

seen from the first line of Eq. (8.30), the tax affects her consumer surplus in these

sectors. The second line gives more details: there is a positive cost in sector H, as the
tax makes good H more expensive (the first term in the second line). The burden of

this cost is however alleviated by a “negative cost” in sector M (the second term in

the second line)—the consumer can substitute the non-taxed good M for the taxed

good H, thereby causing carbon leakage. Technically, the cross-price effect on the

demand forM shifts out the demand curve forM and thereby enlarges the consumer

surplus in this sector. In addition to these effects on consumer surplus, the consumer

in Home also receives the revenue from the tax on emissions embodied in good X, the
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export good of region Home—represented by the last term in the first line and the last

three terms in the second line of Eq. (8.30). Thus we assume that, as usual, the tax

revenue is collected by the country levying the tax, i.e. in this case Home. The

welfare burden of the tax is however passed on to the representative consumer in

Foreign: good X becomes more expensive, the representative consumer in Foreign

therefore loses consumer surplus. Thus, the representative consumer in Home

receives the revenues of the tax on X without having to bear an equivalent tax

burden—she receives a “transfer” from the representative consumer in Foreign,

and this transfer lowers the overall cost of the policy. As argued above, the marginal

tax revenue will be positive for values of t that are not too large. The three last terms

in the second line of Eq. (8.30) represent the three effects on tax revenue discussed

above for a tax in sector H. Thus for small values of t the last term will dominate the

two other terms. Actually, this term may even dominate the whole of Eq. (8.30)—the

“transfer” from Foreign may be larger than the abatement costs incurred in region

Home and the representative consumer in Home may even experience a gain and not

a loss of welfare by the introduction of the abatement policy.

The situation in Foreign is reversed: the representative consumer must bear the

abatement cost in sector X and must additionally transfer the tax revenues from X to

region Home:

∂S2
∂tPB

¼ ∂SX
∂tPB

� ∂TX

∂tPB
þ ∂SF
∂tPB

¼
¼ tEXηxXiX|fflfflfflfflffl{zfflfflfflfflffl}

< 0

�tEXηxXiX|fflfflfflfflfflffl{zfflfflfflfflfflffl}
> 0

þ tEXσ1
1� θX
pE þ t|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}

> 0

�EX|ffl{zffl}
< 0

þ tEFη f XiX|fflfflfflfflffl{zfflfflfflfflffl}
> 0

¼

¼ tEXσ1
1� θX
pE þ t|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}

> 0

�EX|ffl{zffl}
< 0

þ tEFη f XiX|fflfflfflfflffl{zfflfflfflfflffl}
> 0

:

ð8:31Þ

The first term in the second line represents abatement costs in sector X, the

following three terms (which are the same as in Eq. (8.30), only the signs are

reversed) give the tax revenue in X, which is transferred to Home. The last term is a

“leakage term” which eases the burden of abatement costs in sector X—it represents

the increased consumer surplus in sector F due to the cross-price effect triggered by

the tax on emissions in X. The first two terms in the second line cancel each other,

which then gives the third line. For not too large values of t, Eq. (8.31) is

unambiguously negative.20 Thus region Foreign is burdened with substantial

costs by the pursuit of the climate policy, even though it is region Home, and not

Foreign that introduces the policy.

20 The sign of Eq. (8.31) can be determined as follows: The sum of the first and the last term in the

second line must be negative if leakage in sector X does not exceed 100 %. The second, the third,

and the fourth term represent the (change in the) tax revenue, which—as argued above—is positive

for not too large values of t. But as the signs of these three terms are reversed, their sum is negative

and therefore the whole Eq. (8.31) is negatively signed.
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The situation is different for a consumption-based policy:

∂S1
∂tCB

¼ ∂SH
∂tPB

þ ∂SM
∂tPB

¼
¼ tEH ηhHiH þ ηhMiMð Þ þ tEM ηmHiH þ ηmMiMð Þ;

ð8:32Þ

∂S2
∂tCB

¼ 0: ð8:33Þ

As can be seen from Eqs. (8.32) and (8.33), all costs of the policy are borne by the

representative consumer in Home—and none by the one in Foreign. This is due to

the fact that only goods consumed by the representative consumer in Home are

taxed, and that producers can pass on all costs to consumers.

Finally, let us consider an “import-tax-only” policy, first for the representative

consumer in Home:

∂S1
∂tPC

¼ ∂SH
∂tPC

þ ∂SM
∂tPC

þ ∂TX

∂tPC
¼

¼ tEH ηhHiH|fflffl{zfflffl}
< 0

þ ηhMiM|fflffl{zfflffl}
> 0

0B@
1CAþ tEM ηmMiM|fflffl{zfflffl}

< 0

þ ηmHiH|fflffl{zfflffl}
> 0

0B@
1CAþ

þ tEXηxXiX|fflfflfflfflffl{zfflfflfflfflffl}
< 0

�tEXσ1
1� θX
pE þ t|fflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflffl}

< 0

þ EX|{z}
> 0

:

ð8:34Þ

The terms in the second line of Eq. (8.34) are the same as those of a consumption-

based policy, but in addition there is a transfer of tax revenues from region Foreign

(shown in the third line of the equation), as with a production-based policy. Due to

this transfer (which, as argued above, is positive for sufficiently small values of t)
the policy will be less costly for Home than a consumption-based policy. If the

emissions intensity is higher in Foreign than in Home, costs for Homewill, however, be

higher than for a production-based policy—see the proof in Appendix 2 to this chapter.

Still, as with a production-based policy, costs for Home also for the “import-tax-

only” policy may be either positive or negative. For region Foreign, on the other

hand, nothing changes as compared to a production-based policy, i.e. Eq. (8.31)

gives the change of surplus also for an “income-tax-only” policy.

Themain result of this cost comparison between regions is that the costs of the policy

for region Foreign are lower (actually they equal zero), if Home follows a consumption-

based policy than if it follows a production-based or an “import-tax-only” policy. For

region Home the outcome is reversed—it would prefer a production-based policy on

cost grounds, followed by an “income-tax only policy”, with the consumption-based

policy ranking third (and last). If we again assume that Foreign consists of developing

and emerging economies, in the setting of ourmodel these countries are therefore better-

off under a consumption-based policy. This result rests to a great extent on the model

characteristic that the tax burden is fully shifted onward to consumers.
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By contrast, most CGE models come to the conclusion that a switch to a

consumption-based policy actually reduces the welfare of developing and emerging

economies—see the discussion in Chap. 5. The assumptions about cost pass-

through possibilities are thus essential for the distributional effects of a switch of

the policy base. But whatever assumptions better represent real-world circum-

stances, our model-based analysis demonstrates clearly that (i) not only the country

that introduces the policy must bear the cost of this policy, and (ii) no “exotic”

assumptions need to be made to produce a result where a substantial share of—or

even all—costs are shifted onward across borders; even in a model relying on a

fairly standard setting like ours such an outcome is possible.

8.7.4 Costs vs. Competitiveness Effects as Measures
of the “Policy Burden”

Finally, the difference between the welfare measures developed in this section and the

competitiveness measures discussed in Sects. 8.2.2, 8.3.3, and 8.6.2 shall be briefly

pointed out. In the model of this study, all costs of the policy are passed on to the

consumer. There are no profits in equilibrium and therefore the introduction of the

policy does not cause any loss of profits, and the prices of the factors of production stay

constant—thus there also is no loss of factor income per unit of factor supplied. Factor

employment does change with the introduction of the policy, but, as there are no factor

rents, this does not have any welfare effect. Thus, the welfare measure of this study is a

“consumption-focused” measure. Competitiveness—measured by net export vol-

umes—on the other hand is not a welfare measure in a strict sense, but is often seen

as being related to welfare or policy costs. The idea is that a loss of competitiveness

brings about a contraction of the domestic industry at the expense of the foreign one.

And this contraction leads to a loss of profits as well as a loss of factor income like, for

example, income from wages. Our model, as just argued, is constructed such that

neither profits are lost nor wages lowered by the introduction of the policy—but one

could argue the followingway: if themodel were built so as to exhibit changes in factor

compensation rates and profits, these would be indicated by a change in the compet-

itiveness measure also. One could therefore use competitiveness as a “proxy measure”

for welfare changes on the side of firms and suppliers of factors of production. Even for

our model one could interpret changes in competitiveness brought about by the

introduction of climate policy in such a way—although, in a strict sense, our model

does not incorporate such a mechanism. Thus, loosely speaking, one could see the

welfare measures discussed in this section as focusing exclusively on welfare derived

from the consumption of goods, while the competitiveness measure may be seen as a

concept that places a greater emphasis on welfare from profits and factor income.21

21 Of course, in standard welfare analysis ultimately all welfare is derived only from consumption.

The distinction here is drawn just to emphasize the two ways in which a consumer’s welfare can be
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8.8 Conclusion

With the help of a small analytical model, this chapter has examined climate policy

transmission through the transmission channel most widely discussed in the aca-

demic literature and also in the general public—the “non-energy markets” channel,

or as it is often called in the carbon leakage literature, “competitiveness channel.”

Table 8.1 summarizes the main advantages and disadvantages of the three policy

variants being compared—a production-based policy, a consumption-based policy,

and a policy combining these two approaches termed “income-tax-only” policy.

Under the assumption that carbon leakage does not exceed 100 %, all three policies

can contribute to the reduction of global emissions. If the emission intensity in the

non-abating region is higher than in the region introducing the policy, the “import-

tax-only” policy, however, clearly performs best according to the criterion of global

emission reduction and thus environmental effectiveness. According to a simple

measure of cost-effectiveness, it is also the most cost-effective policy. But the

Table 8.1 Comparison of climate policies with different tax bases

Criterion

Production-

based policy

Consumption-

based policy

“Import-tax-

only” policy

Environmental effectiveness

(change of global emissions)

ΔE ? (�)a � ? (�)a

(best)a,b

Change in domestic emissions Δ(EH+EX) �, best ? ?

Leakage ratio (PB target) lPB + ? +

Leakage ratio (effects outside of

tax base)

(lPB)
+

(lCB)
0, best

(lPC)
+

Competitiveness (of Home) ΔN � (+)c, best ?

Distributional impact for region

Home

ΔS1 ? (best)b � ?

Distributional impact for region

Foreign

ΔS2 � 0, best �

The impacts of the three policy variants are denoted as follows: a minus sign, [�], signifies that the

variable listed as “criterion” is negatively signed, a plus sign, [+], that it is positively signed, a

question mark, [?], that the sign depends on the specific parameter values and cannot be deter-

mined in general; “best” means that the policy variant thus marked performs better than the other

two policy variants in the sense as the criterion is typically used in the policy debate, i.e. “best”

marks the policy with the largest global or domestic emission reduction, the smallest leakage ratio,

the largest positive effect on competitiveness, and the least costs. If signs are given in parenthesis,

e.g. (�) or (best), “mild” additional assumptions are required to derive the result. More

specifically:
aholds under the assumption that the leakage ratio is less than 100 %,
bholds under the assumption that the emissions intensity in Foreign is larger than in Home, and
cholds under the assumption that |ηmM iM |> ηmH iH

reduced: either (a) the goods in the consumer’s consumption bundle become more expensive and

she must therefore reduce the consumption of these goods or (b) her income falls, which also

means that she now cannot afford to consume as many goods as before.
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“import-tax-only” policy might be the favored policy variant for other reasons, too:

on the criteria of “climate policy costs” and “impact on competitiveness” it strikes a

balance between the other two policy variants that either benefit the abating or the

non-abating countries—in international negotiations it may therefore be seen by

both regions as a possible compromise solution.

The production-based policy, on the other hand, obviously performs best if the

aim of the policy is not the reduction of global emissions, but just the reduction of

the production-based emissions of the abating region, while the consumption-based

policy performs best on the criterion of carbon-leakage—in the sense in which this

criterion is employed in this study, i.e. a consumption-based policy does involve the

least (actually: zero) increase of emissions not directly targeted by the policy. As

argued at various points in this study, carbon leakage, however, measures only one

aspect of environmental effectiveness—the choice between different policies

should therefore be based directly on the criterion of environmental effectiveness

and not on the criterion of carbon leakage. For the abating region, a consumption-

based policy will also be the one with the most favorable effects on competitiveness

(but the reverse holds true for the non-abating region). As concerns climate policy

costs, the abating region will, however, favor a production-based policy. This result

does not conform to the findings of most CGE studies. The reason why climate

policy costs for the abating region are so low under a production-based policy in the

model of this study is that the burden of taxing the abating region’s exports is fully
passed on to the non-abating region.

If one wants to select a policy according to the criterion of environmental

effectiveness, and if the adoption of an “import-tax-only” policy (which, as we

have seen, according to this criterion performs better than the other two policy

variants) is not possible, one is actually confronted with a difficult choice: the

question whether one should opt for a production-based or a consumption-based

policy variant cannot be answered in general; the answer depends on the specific

values of parameters and variables—and the detailed design of the instrument used

to implement the policy. Table 8.2 gives an overview of how the advantages and

disadvantages of the two policy variants change with changing parameter values.

The first variable listed in Table 8.2, “coalition size,” is defined as the GDP of

the abating coalition relative to world GDP. There are actually many ways in which

one can change the coalition’s GDP—one therefore has to be precise about which

variables are altered and which are not. Details are given in a footnote.22 The effects

22 In our model, the ratio of “coalition GDP,” i.e. GDP of the region Home, to world GDP can be

changed by changing any of the variables H, X,M, and F, and also by changing the prices of these
four goods. But not all of these possible changes actually reflect what we usually have in mind

when we talk of “increasing the coalition size.” A more or less “realistic” scenario for increasing

the coalition size would look as follows: World GDP remains constant; the coalition, however,

grows by taking in more and more countries—thus coalition GDP grows and non-coalition GDP

falls by the same amount. Also, in real world situations typically the share of exports in a region’s
production and the share of imports in a region’s consumption fall with an increase in the size of

the region. Here, we will represent this thought experiment of changing the coalition size in a
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of changing a variable or parameter can most easily be traced by examining

an equation giving the same information as Eq. (8.18), but arranged somewhat

differently—it is also given in a footnote.23 Table 8.2 shows that as the coalition

size increases a production-based policy becomes relatively more effective. This is

due to the fact that leakage falls with an increase in coalition size (simply because

the economic size of the region where leakage can take place becomes smaller) and

that the cross-price effect on demand for domestic good H, which makes a

consumption-based policy less effective, increases with growing coalition size

and thus growing values of H (for a detailed discussion of this effect see

Sect. 8.4.2). A consumption-based policy is therefore especially attractive if the

abating coalition is rather small. As concerns exports and imports, the results listed

in Table 8.2 are as one would expect: the larger the quantity of exports, the more

attractive becomes a production-based policy; and the larger the quantity of

imports, the more attractive is a consumption-based approach.

Determining the effects of increasing emissions rates on the effectiveness of the

two policy variants is a little more complicated. Consider first the emissions rate in

region Home, i.e. eH and eX. As can be seen from the equation in Footnote

23, increasing this emissions rate has a number of different effects: it raises the

amount of abatement in the export sector X by curbing demand for X and thus

makes a production-based policy more effective; however, whether it also contrib-

utes to “greening” production in this sector (thereby making a production-based

policy even more effective) depends on the values of other parameters; also the

simplified form: all prices ( pH, pX, pM, and pF) as well as X and M remain constant. Furthermore,

we assume that pH equals pF. An increase of the coalition size can then be represented by an

increase of H and a reduction of F by the same amount.
23 The difference in the reduction of global emissions between a production- and a consumption-

based policy is given by

∂E
∂tPB

� ∂E
∂tCB

¼ 1

pE þ t
�HeHηhM

eM pE þ tð Þ
cM|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

<0

þXeH ηxX
eH pE þ tð Þ

cH
� σ1 1� eH pE þ tð Þ

cH

� �� �
|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

<0

8>>><>>>:
�MeM ηmM

eM pE þ tð Þ
cM

� σ2 1� eM pE þ tð Þ
cM

� �� �
|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

>0

þFeMη f X

eH pE þ tð Þ
cH|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

>0

9>>>=>>>;:

Again, to simplify the analysis, it was assumed that there is no previous tax in place (due to this

assumption, inter alia, eX equals eH and eF equals eM). The equation actually gives the same

information as Eq. (8.18)—with the difference that it is not written in elasticity form and that some

of the variables in Eq. (8.18) have been further disaggregated. Again, if the whole equation is

positive, then a consumption-based policy is the more effective one. To investigate the effects of

changes in parameter values, differentiate this equation with respect to the parameter under

question. Note, however, that care should be taken when examining the effects of changes of

endogenous variables—see Footnote 5 for a more detailed discussion.
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cross-price effect on H under a consumption-based policy grows stronger as the

values of eH increase, which again makes the production-based approach more

effective relative to the consumption-based one. But increasing eH also increases

leakage, which, on the other hand, makes the consumption-based policy (which

does not involve leakage) the more effective option. Taken together, the question,

which policy variant becomes more effective with increasing values of the emission

rate in Home, is decided by the specific values of many of the other parameters and

can therefore not be answered in general. In Table 8.2 therefore a question mark (?)

is entered in the respective field. As concerns the emissions rate in Foreign, i.e. eM
and eF, however, relatively simple parameter restrictions suffice to guarantee a

definite result: if the share of costs of fossil fuel is less than half of the overall

production costs of imports, and if the emissions intensity in region Foreign is

larger than in Home, then a consumption-based policy becomes relatively more

Table 8.2 Parameter values and environmental effectiveness of policy variants

Parameter or variable Policy variant

Coalition sizea GDP1/GDP PB

Exports X PB

Imports M CB

Emissions rate in domestic production eH, eX ?

Emissions rate in foreign production eM, eF CBb

Ease of input substitution in Home σ1 PB

Ease of input substitution in Foreign σ2 CB

Price-sensitivity of demand |ηhH| ¼
|ηxX| PB

|ηmM| CB

|ηfF| ¼
Ease of substituting foreign for domestic products and vice versa ηhM PB

ηmH ¼
ηxF ¼
ηfX CB

This table depicts the dependence of the environmental effectiveness of production- and

consumption-based policies on the values of individual parameters and variables. More specifi-

cally, the last column lists the policy variant the environmental effectiveness of which increases

relatively (as compared to the environmental effectiveness of the alternative policy variant) with

increasing values of the parameter or variable given in the first two columns. “PB” means that the

production-based policy variant becomes relatively more effective, “CB” means that the

consumption-based policy variant becomes relatively more effective, “¼” denotes that for this

parameter or variable, the choice of policy-base does not influence environmental effectiveness,

and “?” means that the question of relative policy effectiveness cannot be decided without

knowing the values of some of the other parameters. For example, for the variable “coalition

size,” which (as can be seen from the second column) is defined by GDP1/GDP, the symbol in the

third column is “PB.” This means that with growing “coalition size,” a production-based policy

will become environmentally more effective as compared to a consumption-based policy
aSee the main text of this sub-section and Footnote 22 for a precise definition
bParameter restrictions apply—see the main text of this sub-section and Footnote 24
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effective with an increase in the emissions rate in Foreign (these are sufficient, but

not necessary conditions—depending on the values of the other parameters, in

many cases far weaker conditions will suffice to guarantee this result).24 Thus,

under these conditions a very high emissions rate in the non-abating countries may

be seen as an argument for adopting a consumption-based policy.

The impact of the ease of input substitution on the relative effectiveness of the two

policy variants is as one would expect: the easier input substitution in production in

region Home (and thus in the production of Home’s exports), the more effective

becomes a production-based policy; and the easier input substitution in production in

region Foreign (and thus in the production of Home’s imports), the more effective

becomes a consumption-based policy. The price sensitivity of region Home’s domes-

tic product H and region Foreign’s domestic product F is irrelevant for the choice of

policies—as both policy variants target H and do not target F. But the price-

sensitivity of imports and exports matters: as expected, an increase of the price

sensitivity of imports increases the relative effectiveness of a consumption-based

policy, and an increase of the price-sensitivity of exports increases the relative

effectiveness of a production-based policy. Also, the ease of switching consumption

to the domestic product H in case of an increase of the price of imports is important:

the easier such a switch becomes, the less effective is a consumption-based policy—

and the relatively more effective therefore a production-based policy. Finally, the

question how readily consumers in Foreign switch their consumption to their domes-

tic products if the price of exports to Foreign rises, is also crucial: it governs the size

of leakage—with an increasing readiness to switch consumption towards product

F the consumption-based policy variant becomes relatively more effective, as it does

not involve carbon leakage.

24 To prove this result, assume—like in Footnote 5—that the quantities of goods demanded and the

unit production costs remain fixed while eM is varied. Now differentiate the equation from

Footnote 23—we will label it A—with respect to eM:

∂A
∂eM

¼ �HeHηhM
cM|fflfflfflffl{zfflfflfflffl}
T1 < 0

� 2MeMηmM
cM|fflfflfflfflfflffl{zfflfflfflfflfflffl}

T2> 0

þ Mσ2
pE þ t|fflfflffl{zfflfflffl}
T3> 0

� 2MeMσ2
cM|fflfflfflffl{zfflfflfflffl}
T4 < 0

þFη f XeH

cM|fflfflfflffl{zfflfflfflffl}
T5> 0

:

First, consider the first and the second term of the equation, T1 and T2. Their sum will be >0 if

–HeHηhM – 2MeMηmM> 0. Appendix 2 to this chapter demonstrates that HeHηhM< –MeMηmM if

iM> iH. Thus under this condition also the sum of T1 and T2 will definitely be positive. Next, look
at T3 and T4. These two terms give the effect on emissions through the change of the emissions rate

in the production of imports (the “greening” of imports). By rearranging terms one can see that the

sum of T3 and T4 will be positive if the following condition holds: 1/2 cM> eM ( pE + t). The fifth
term of the equation above, T5, will always be positive. Thus we have established two conditions

that—if they both hold—guarantee that the whole equation is positive, i.e. that a consumption-

based policy becomes relatively more effective with increasing values of the emissions rate in

Foreign. These conditions are (i) that the emissions intensity in region Foreign is larger than in

Home, and (ii) that the share of costs of fossil fuel in the production costs of imports is less than

half of the overall production costs of imports. Note that these conditions are sufficient but not

necessary for obtaining the result just stated.
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Aswell as these parameters and variables, the design of the taxation scheme is also

important for the relative effectiveness of the two policies: If the tax on imports is not

based on the true carbon content of imports but on an (unchangeable) benchmark,

then the incentive to “green” the production of imports is lost—and thus a

consumption-based policy loses some of its attractiveness in terms of environmental

effectiveness. If, additionally, the benchmark has not been calculated using data on

the emissions intensity in foreign products, but, for example, is based on the emis-

sions intensity of similar domestic products, then—in case the emissions intensity in

Foreign is higher than in Home—the environmental effect of the tax is further

reduced. In that case, a policy targeting emissions in imports like a consumption-

based policy loses even more of its possible advantages in the reduction of emissions.

Appendix 1: Relationships Between the Price Elasticities

of Demand of the Representative Consumers of the Model

This appendix demonstrates that a consumption-based policy will always lead to a

reduction (and not an increase) in global emissions through the non-energy market

policy transmission channel. We start from Eq. (8.15). As can be seen, the policy

affects emissions discharged in the production of goods H and M. Both goods are

consumed by only one of the two representative consumers of our model, the

representative consumer of region Home.

We will analyze the effect of the introduction of a positive tax. Our aim is to

show that this will cause a drop in emissions in the production of H andM, i.e. that

∂E/∂tCB< 0. The two terms �σ1 (1� θH) and �σ2 (1� θM) in Eq. (8.15) will

always be negative. It therefore suffices to show that the remainder of

Eq. (8.15)—which we will denote by the letter V—cannot become positive. To

this end, we first employ the Hicks-Slutsky equation in elasticity form to disaggre-

gate the four price elasticities of demand in Eq. (8.15) into net substitution and

income components:

V ¼ EH

pE þ tCB
θH

∂H
∂ pH

				
U¼const:

pH
H

� H
∂H
∂I

pH
H

� ��
þ

þ θM
∂H
∂ pM

				
U¼const:

pM
H

�M
∂H
∂I

pM
H

� ��
þ

þ EM

pE þ tCB
θH

∂M
∂ pH

				
U¼const:

pH
M

� H
∂M
∂I

pH
M

� ��
þ

þθM
∂M
∂ pM

				
U¼const:

pM
M

�M
∂M
∂I

pM
M

� ��
:

ð8:35Þ

I denotes income (of the representative consumer). As both H and M are normal

goods, the income components—the second terms in parentheses in each line—are
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all negative. Thus they also cause emissions to fall. If we are now able to show that

the sum of the other four terms—the net substitution components—cannot become

positive, V will definitely be smaller than zero. The net substitution components

represent the elasticities of compensated demand (as opposed to the four original

elasticities ηhH, ηhM, ηmH, and ηmM, which are calculated from non-compensated

demand). We will now use two results that hold true for compensated demand if a

consumer’s expenditure function is twice continuously differentiable: (a) the cross-
substitution effects are symmetric: ∂H/∂pM |U¼const.¼∂M/∂pH |U¼const.; and (b) the

substitution matrix S¼ [∂xi/∂pj |U¼const.], i.e. the matrix formed from all substitu-

tion and cross-substitution terms, is negative semidefinite. From (b) we have:

∂H
∂ pH

				
U¼const:

∂M
∂ pM

				
U¼const:

� ∂H
∂ pM

				
U¼const:

∂M
∂ pH

				
U¼const:

� 0: ð8:36Þ

Equation (8.36) can also be written in elasticity form. If we additionally multiply

each elasticity by the factor of the respective elasticity in Eq. (8.35), we arrive at a

relationship between the changes in emissions caused by the net substitution terms:

EH

pE þ tCB
θH

∂H
∂ pH

				
U¼const:

pH
H

� �
EM

pE þ tCB
θM

∂M
∂ pM

				
U¼const:

pM
M

� �

� EH

pE þ tCB
θM

∂H
∂ pM

				
U¼const:

pM
H

� �
EM

pE þ tCB
θH

∂M
∂ pH

				
U¼const:

pH
M

� �
� 0:

ð8:37Þ

Now consider the two cross-elasticity terms—the second line of Eq. (8.37). We

will show that they are equal. By result (a) we can substitute ∂H/∂pM |U¼const. for

∂M/∂pH |U¼const. in the second of the two terms. Using Eqs. (7.3) and (8.3), we also

substitute for EH, EM, θH, and θM:

eHH

pE þ tCB
eM pE þ tCB
� �

cM

pM
H

∂H
∂ pM

				
U¼const:

� �
¼

¼ eMM

pE þ tCB
eH pE þ tCB
� �

cH

pH
M

∂H
∂ pM

				
U¼const:

� �
:

ð8:38Þ

As can be seen from Eq. (8.38), the two cross-elasticity terms in Eq. (8.37) are

indeed equal. Equation (8.37) is therefore of the form ab� c2� 0. For a, b< 0 and

c> 0, this however implies |a+ b|� 2c� 0, and that is exactly what we wanted to

show: The sum of the (negative) own-price net elasticity terms is larger or equal in

absolute value than the sum of the (positive) cross-price net elasticity terms; the

change in emissions triggered by all four net substitution terms taken together is
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therefore smaller or equal to zero. And, as all the other terms in Eqs. (8.15) and

(8.35) are negative—the income effect terms as well as the terms �σ1 (1� θH) and
�σ2 (1� θM), the gross fuel price elasticity of the emissions rate—the introduction

of a positive tax does indeed cause a drop in emissions in the production ofH andM.

In a similar way one can also prove that ∂E/∂pE and the elasticity εE, pE are both
strictly smaller than zero—see Eq. (9.7): Start by splitting the four goods of the

model into two pairs: the pair of goods demanded by the representative consumer in

region Home, H and M, and the pair of goods demanded by the representative

consumer in Foreign, X and F. For each pair of goods one can then show separately

that a rise of the fuel price leads to a drop in emissions. Thus, the overall effect of an

increase in the fuel price is a drop in emissions.

Appendix 2: Relationships Between Elasticities Following

from the Cournot Aggregation Condition

In this appendix, a relationship involving elasticities and quantities demanded will

be discussed that proves useful at various points in the course of this chapter. Our

aim is to derive a condition that guarantees that the following inequality holds true:

HeHηhM < �MeMηmM: ð8:39Þ

To that end, we will make use of a general relationship between own-price and

cross-price elasticities that is usually called “Cournot aggregation condition”:

ηii ¼ �1�
X

j 6¼i
η jis j

si
: ð8:40Þ

ηii is the own-price elasticity of demand for a good i, ηji are the cross-price

elasticities of demand of other goods j with respect to the price of good i, and si
and sj are the shares of the consumer’s expenditure on goods i and j, respectively, in
the consumer’s total expenditure.

Substituting the parameters of our model into this relationship yields

ηmM ¼ �1� ηhMsH
sM

, where sH ¼ HpH
I

and sM ¼ MpM
I

: ð8:41Þ

I is the income of the representative consumer. Rearranging terms gives

ηhM ¼ � ηmM þ 1ð ÞMpM
H pH

: ð8:42Þ
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Now plug this expression into Eq. (8.39) and simplify:

�HeH ηmM þ 1ð ÞMpM
H pH

< �MeMηmM,

1

ηmM
<

iM
iH

� 1:

ð8:43Þ

To obtain the last inequality, the relationships iH¼ eH/pH and iM¼ eM/pM were

used. As ηmM< 0, the left hand side of the inequality is negative. If iM> iH, i.e. if—
as we have assumed—the emission intensity in region Foreign is larger than in

region Home, the right hand side will be positive and thus the inequality will always

hold true. Note that the condition iM> iH is sufficient, but actually not necessary—a

weaker condition (with its exact form depending on parameter values) will also

suffice to guarantee that inequality (8.39) holds.

Also note that the assumptions on elasticities used here are somewhat more

restrictive than those used in Appendix 1 to this chapter: When employing the

Cournot aggregation condition, we have assumed that no other goods except for

H exist that are substitutes (or complements) for M. In Appendix 1, on the other

hand, the proof relies on the properties of the substitution matrix. These apply also

to a “n-good” case. Thus, even though just the two goods H and M were discussed,

the derivation in Appendix 1 does not exclude a scenario with additional goods

besides H andM in the consumption bundle of the representative consumer—goods

that may be either substitutes or complements for H and M.
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Chapter 9

Policy Transmission Through Energy

Markets, Income Effects, and Technological

Spillovers

Abstract This chapter continues the theoretical comparison of consumption-based

and production-based variants of international climate policy. It concentrates on

those policy effects that are transmitted through the energy market, income, and

technological spillovers channels. Additionally, the impact of climate policy on the

international distribution of income is discussed—as well as the possible limitations

of an analysis employing a two-region partial equilibrium model. Regarding the

effects of the energy-market channel, this chapter finds that this channel does not

change the ranking of different policy variants in terms of environmental effective-

ness as determined by policy transmission in non-energy markets—it just reduces

the effectiveness of both production- and consumption-based policies by the same

percentage. Regarding technological spillovers, these may be larger under a

consumption-based policy; but doubts remain whether a consumption-orientation

also enhances the development of “green” technology. The question whether a

production- or a consumption-based policy reduces the welfare of developing and

emerging economies by a larger amount cannot be decided in general: it depends on

the relative ability of industrialized and emerging economies to pass on the costs

imposed by climate policy and on the amount of carbon embodied in the exports of

the two groups of countries. Finally, two-region partial equilibrium studies may

assess consumption-based policies overly optimistically, as they take into account

neither the possibility of import substitution in emerging economies that triggers

carbon leakage nor tax-avoidance strategies that rely on a rerouting of international

trade flows.

This chapter continues the comparison of different climate policy variants by

concentrating on the other policy transmissions channels introduced in Chap. 4

apart from the “non-energy-market” or “competitiveness” channel, i.e. the energy

market channel, the income channel, and the technological-spillovers channel.

Even though for the examination of the energy market channel we will again resort

to the partial equilibrium model used in the previous two chapters, actually all three

transmission mechanisms discussed in this chapter explain effects that affect not

just a single sector, but several sectors or even an economy as a whole. Therefore

the question will also be posed whether we may have drawn wrong conclusions

owing to the simplification made—the adoption of a partial equilibrium setting; and

the consequences of another simplification will also be discussed—the use of a two-
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region instead of a multi-region framework. Finally, this chapter examines which

kind of conclusions can be drawn from the analytical part of this study for actual

climate policy-making.

9.1 Policy Transmission via Energy Markets

The fossil fuel market, the fifth market of the partial equilibrium model1 employed

in this study, is represented as simply as possible. There is just one type of fuel,

which is used as an input in the production of all four final goods. Thus, we do not

discuss any inter-fuel substitution effects, which are often exhibited by more

complex computable equilibrium models (see Burniaux and Oliveira Martins

(2012), Boehringer et al. (2010) for recent examples). Again, our aim is to reveal

the most basic mechanics of policy transmission. Note, however, that the following

discussion must be interpreted as relating to the world as a whole and not just to

individual economic sectors—the global fuel market can be studied only by includ-

ing all sources of fuel demand worldwide. Thus we make use of interpretation

(b) from Sect. 7.1.1.

9.1.1 The Transmission Mechanism

Let the supply of fossil fuel R (R like resource) be given by a constant-elasticity

function:

R ¼ δ pE
ηR , with ηR ¼ ∂R

∂ pE

pE
R
: ð9:1Þ

ηR> 0 is the price elasticity of fuel supply, δ is a parameter> 0, and pE is the fuel

price, which is the same in both regions as fuel is freely traded.

Global demand for fuel E is the sum of the input demands of the four industries

which produce the final goods H, X, M, and F. The emissions tax affects the fuel

market via its impact on these input demands. Thus, as already mentioned in the

introduction to Chap. 8, it is impossible to study the effect of the tax on price and

quantity of fuel used by examining the fuel market in isolation—one needs to know

how the tax influences production of H, X, M, and F; this is the point where policy
transmission through non-energy and through energy markets overlaps. In our

model, on the demand side for fuel this overlap is actually complete: there is no

1 The model was originally developed for the research project “RESPONSE” financed by the

Austrian Climate Research Programme ACRP—see Lininger (2013). Some of the results of the

model-based analysis in this Section were first published in Steininger et al. (2014).
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additional fuel demand by households, and there are no process emissions in the

model either—thus all emissions stem from the fuel demand of the four industries.

This fuel demand—and the effect of the tax on it—has already been studied in

Chap. 8. Now we add the supply side of the fuel market to the analysis. The fuel

price, which has been fixed so far, will now be determined endogenously. We will

thereby obtain the combined effects of policy transmission in both non-energy and

in energy markets.

In fuel market equilibrium, fuel demand equals fuel supply. As can be seen from

Eq. (9.1), fuel supply R depends only on pE. Fuel demand E, on the other hand,

depends on both pE and t—see Eqs. (7.3)–(7.5):

E pE, tð Þ ¼ R pEð Þ: ð9:2Þ

Taking the total differential of both sides, we have:

∂E
∂ pE

d pE þ
∂E
∂t

dt ¼ dR

d pE
d pE: ð9:3Þ

From Eqs. (9.1) and (9.2) we obtain:

dR

d pE
¼ ηRE

pE
: ð9:4Þ

Rearranging terms of Eq. (9.3) and plugging in Eq. (9.4) yields an expression that

gives the effect of the tax on global emissions, i.e. the overall effect of the policy

studied:

dE

dt
¼ ∂E

∂t
1

1�
∂E
∂ pE
∂R
∂ pE

¼ ∂E
∂t

1

1� 1

ηR

pE
E

∂E
∂ pE|fflfflfflffl{zfflfflfflffl}

εE, pE

: ð9:5Þ

On the right side of Eq. (9.5), ∂E/∂t, the partial derivative of E with respect to t,
gives the effect of the tax on global emissions for the case that dpE equals zero,

i.e. the pure effect of the non-energy market transmission channel (which has been

analyzed in Chap. 8). The overall effect of both channels can therefore also be

expressed as follows:

dE

dt
¼ φ

∂E
∂t

with φ ¼ 1

1� εE, pE
ηR

: ð9:6Þ

Equation (9.6) shows that φ, the effect of the fossil fuel market on global emissions,

works as a multiplicative factor on the effect from non-energy markets, ∂E/∂t, in

9.1 Policy Transmission via Energy Markets 183

http://dx.doi.org/10.1007/978-3-319-15991-1_8
http://dx.doi.org/10.1007/978-3-319-15991-1_8


determining the overall effect of the policy, dE/dt. This factor φ depends on ηR, the
price elasticity of fuel supply, and on εE, pE , the price elasticity of fuel demand

(which at the same time is the “demand side” fuel price elasticity of emissions).

Consider now the individual variables and terms of Eqs. (9.5) and (9.6): ∂E/∂t,
the effect of the tax through the non-energy market channel, is given by Eq. (8.10)

for a production-based and by Eq. (8.15) for a consumption-based policy. As

discussed in Sects. 8.2 and 8.3, for a consumption-based policy ∂E/∂t will always
be negative, whereas for a production-based policy ∂E/∂tmay be either negative or

positive—a positive value signifies a leakage ratio of more than 100 %. Next,

∂E/∂pE, the demand side reaction of emissions to fuel price changes, and the

corresponding elasticity εE, pE¼ (∂E/∂pE) (pE/E), can be obtained using Eqs. (7.4),

(7.5), and (7.7). The derivation is similar to the derivation of the effects of the tax,

only now we need to partially differentiate with respect to pE instead of t:

εE, pE ¼ ∂E
∂ pE

pE
E

¼ EH

E
ηhHθH þ ηhMθM � σH 1� θHð Þ½ �þ

þ EX

E
ηxXθX þ ηxFθF � σH 1� θXð Þ½ �þ

þ EM

E
ηmHθH þ ηmMθM � σF 1� θMð Þ½ �þ

þ EF

E
η f XθX þ η f FθF � σF 1� θFð Þ� �

:

ð9:7Þ

Note that in Eq. (9.7) the input cost shares θH, θM, and θX depend on the rate and

type (production- or consumption-based) of any previous emissions tax that is

already in place when we begin our analysis. If we, however, start our analysis

from a situation without any tax, we can evaluate Eq. (9.7) at t¼ 0. Then θH equals

θX, and θM equals θF; and Eq. (9.7) can be simplified accordingly.

The individual terms of Eq. (9.7) are similar to the terms of Eqs. (8.10) and

(8.15), the equations that describe the effect of the tax on emissions. This is due to

the fact that the effect on production costs of a change in the fuel price is similar to

the effect of a change in the tax—see Eq. (7.2). Therefore, the propagation

mechanism from changes of the fuel price to changes in global emissions is also

the same as for the tax: the carbon rates in production change and the goods prices

change—leading to substitution effects.

As is the case with the equations giving the effects of the tax, also in Eq. (9.7)

each line contains positive as well as negative terms. Intuitively, one would, of

course, expect that overall the negative effects must be stronger: a higher fuel price

should lead to less fuel being used. This is indeed true for the model of this study. It

can be proved using the substitution matrix of the representative consumer in Home

and in Foreign (see Appendix 1 to Chap. 8, in particular the last paragraph).
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9.1.2 Energy Market Effects and Global Emission Reduction

Knowing the signs of the derivatives and elasticities in Eqs. (9.5) and (9.6), we can

determine whether the fuel market factor φ increases or decreases global emissions.

As εE, pE< 0 and 1/ηR> 0, their product will be < 0. The denominator in Eqs. (9.5)

and (9.6) will therefore always be greater than 1; and the fuel market factor will take

a value greater than 0 and smaller than 1. Thus the sign of ∂E/∂t will determine

whether the fuel price channel increases or decreases global emissions:

– If leakage through the non-energy market channel is less than 100 %, the fossil
fuel market channel will increase global emissions and thus counteract the
emissions reduction induced by the introduction of the tax. Still, the overall

change in emissions caused by the policy will never become positive.

To see why note that ∂E/∂t can only be negative (which means that the policy

causes a reduction of global emissions) if leakage through the non-energy market

channel is less than 100 %. As φ is positive but smaller than 1, by Eq. (9.6) dE/dt is
negative but smaller in absolute value than ∂E/∂t. Thus the fuel market channel

increases global emissions (as compared to the situation with the competitiveness

channel alone). However, there is a limit to how far global emissions may rise by

means of the fuel price effect: even if ∂E/∂pE approaches minus infinity, φ and thus

dE/dt will only approach zero. In that case the policy has no effect on the level of

global emissions—but it can never have a negative effect as long as leakage through

the non-energy market channel is less than 100 %. A situation where mitigation

policy has no effect will, for example, occur if the price elasticity of fuel supply is

extremely low: the global amount of fuel used (and thus the level of emissions) will

then not depend on the level of the fuel price—it will always remain the same.

– If leakage through the non-energy market channel is more than 100 %, the fossil
fuel market channel will reduce global emissions. Still, the overall change in

emissions caused by the policy will never become negative.

The logic runs along lines similar to those given above for the opposite case. But the

reason for the reduction in global emissions can also be grasped intuitively.

Leakage of more than 100 % through the non-energy market channel means that

the policy has not caused a drop, but an increase in fuel use. Therefore, bringing in

the fuel market channel by freeing up the price of fuel will allow the fuel price to

rise; and that in turn will dampen fuel use and thus emissions.

Finally, from Eqs. (9.5) and (9.6) one can also see the circumstances under

which the fuel market channel will have no effect. These are:

– The initial policy has no effect on global emissions through the non-energy

market channel (∂E/∂t¼ 0). This can be the case either if carbon intensities and

demand do not change as a reaction to the introduction of the policy, or if

leakage is 100 % (i.e. the positive and the negative effects of the policy on

global emissions exactly cancel).
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– The price elasticity of fuel supply ηR is very high (to be precise: infinite). Then

the introduction of the mitigation policy will not influence the fuel price. The

consequences of this scenario are the same as in the case of a “fixed” fuel price

(as was assumed in Chap. 8 in studying the impact of the competitiveness

channel in isolation).

– Fuel price changes are not transmitted to emissions changes (εE, pE¼ 0). This will

be the case if carbon intensities and demand do not change as a reaction to fuel

price changes.

9.1.3 Comparing the Policy Variants in Terms
of Environmental Effectiveness

To compare the overall effects of a production- to those of a consumption-based

policy, consider Eq. (9.6): the overall policy effect is the product of the effect as

transmitted through non-energy markets, ∂E/∂t, and the fuel price factor φ. As
discussed in Sect. 8.4, the effect through non energy-markets—and thus, the term

∂E/∂t—may differ between the two policies. The fuel market factor φ, however, is
the same under both policies (and it is, of course, also the same for the third policy

variant discussed in Chap. 8, the “import-tax-only” policy): it depends only on the

fuel price elasticities of supply and demand, ηR and εE, pE , and these are independent
of the choice of policy base.2 Thus, differences in the effect of a policy on global
emissions (i.e. differences in dE/dt) are triggered by differences in the effectiveness
of policy transmission through the non-energy market channel, but not by differ-
ences in the effect of the fossil fuel market. The fuel market only works like a
“multiplicative factor” on these initial differences.

This result is also intuitively plausible: as long as there is only one unified global

market for fossil fuel, the size of the fuel market effect depends solely on the

amount by which the policy has reduced the demand for fossil fuel. How and where

it was reduced—whether in the production of export goods or goods for domestic

use, in region Home or in region Foreign—is irrelevant.

Note, however, that this equality of the fuel market effect between a production-

and a consumption-based policy refers only to global emissions reduction (and thus

environmental effectiveness), but does not carry over to carbon leakage. This is due

2Note that in the study of the effects of the introduction (or change) of an emissions tax, the

independence of the price elasticity of fuel demand, εE, pE , from the choice of policy base also

holds if there already is an emissions tax in place. It is true that this previous emissions tax will

determine the magnitude of εE, pE by its effect on the input cost shares θH, θM, and θX—and this

magnitude will in general be different for a production- and a consumption-based policy. For the

analysis of an infinitesimal change of the emission tax, we however must take this value of εE, pE ,
which is predetermined by the previous tax, as given. And this given value enters the calculation of

the fuel price factor φ in the same way, irrespective of whether the additionally introduced

(infinitesimal) tax is production- or consumption-based.
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to the fact that the fuel price mechanism affects both the emissions directly targeted

by the policy (the tax base) and the emissions that are not part of the tax base.

Outside the tax base the drop of the fuel price brought about by the abatement

policy causes leakage, whereas concerning those emissions that are part of the tax

base, it renders the pursuit of the abatement policy more difficult: for a given

emissions tax rate, the reduction of emissions will be smaller if we allow for the

fuel price effect (i.e. if we do not fix the fuel price); or alternatively for a given

emissions reduction target a higher tax rate will be required under a flexible fuel

price. But, as the tax base is different for a consumption- and a production-based

policy, the split of the fuel price effect into the part that affects the taxed emissions

and the part that affects the emissions not taxed will also, in general, not be the same

for the two policy variants. Thus, leakage through the energy market-channel will

also not be the same for the two policies.

In the following, we will derive a condition for leakage through both channels to

be smaller under a consumption- than under a production-based policy. As

discussed in Sect. 8.3, leakage through the non-energy market channel is zero

under a consumption-based policy. It is therefore always smaller (or equal) to

leakage under a production-based policy through the non-energy market channel.

As just discussed, the results for leakage through the energy market channel are not

as clear-cut. We start our derivation of the combined leakage effect of both policy

transmission channels from the two formulas for the leakage ratio given in Chap. 2,

Eq. (2.17), defining lPB, and Eq. (2.19), defining lCB:

lCB < lPB ) 1� lCB

1� lPB
> 1 if lPB < 1

� �
: ð9:8Þ

We will focus on the case where lPB< 1, i.e. where the leakage ratio is less than

100 %, as this case is the empirically more relevant one. Again, we will analyze an

infinitesimal change of the tax. Substituting in Eq. (9.8) yields

1� lCB

1� lPB
¼

dECB

dECB
H þ dECB

M

dEPB

dEPB
H þ dEPB

X

¼

dE

dtCB
dEH

dtCB
þ dEM

dtCB

dE

dtPB
dEH

dtPB
þ dEX

dtPB

> 1: ð9:9Þ

Taking the total differential of EH (t, pE) and using Eq. (9.3), we obtain an

expression for the effect of the tax on emissions discharged in the production of

H. We first assume a production-based policy:
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dEH

dtPB
¼ ∂EH

∂ pE

d pE
dtPB

þ ∂EH

∂tPB
with

d pE
dtPB

¼
dE

dtPB

dR

d pE
� ∂E
∂ pE

: ð9:10Þ

In a similar way, we can proceed to derive expressions for the goods M and X,
and also expressions giving the effect of a consumption-based policy. Plugging all

these expressions into Eq. (9.9), rearranging terms and simplifying, we obtain the

following condition for the leakage ratio to be smaller under a consumption-based

than under a production-based policy:

∂EM

∂tPB
þ ∂EF

∂tPB
þ d pE
dtPB

∂EM

∂ pE
� ∂EX

∂ pE

� �
> 0: ð9:11Þ

The first two terms in Eq. (9.11) represent absolute leakage through the non-energy

market channel. They are positive. The third term is the difference between the

indirect effect of a production-based tax via the fuel price on imports and the

indirect effect of a production-based tax via the fuel price on exports. This term

may be positive or negative, depending on parameter values. Substituting the

respective terms from Eqs. (8.6), (9.7), and (9.10), we have

lCB < lPB , 1

pE þ tPB
EMηmHθH þ EFη f XθH

	 


þ ∂E
∂tPB

1

ηR � εE, pE

EM

E
ηmHθH þ ηmMθM � σ1 1� θMð Þ½ �

�

� EX

E
ηxXθX þ ηxFθF � σ2 1� θXð Þ½ �

�
> 0:

ð9:12Þ

Again, the first term in Eq. (9.12) is positive; it represents absolute leakage through

the non-energy market channel. The second term—line two and three of

Eq. (9.12)—on the other hand stems from the leakage effects of the policy in the

energy market. As ∂E/∂tPB is negative for a policy that results in leakage through

the non-energy market channel of less than 100 %, the whole factor of the second

term is negative. The part of the second term inside the curly braces may, however,

be either positive or negative. If it is negative, leakage through the energy market

channel is larger under a production-based policy. Let us now assume the (probably

more typical) case that an increase in the fuel price leads to a drop (and not: an

increase) in emissions in the production of both good M and good X. Then, for
leakage through the energy market channel to be larger under a production-based

policy, the first of the two terms inside the curly braces must be larger in absolute

value than the second one, i.e. the impact of a change in the fuel price must be

stronger on EM than on EX.
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If on the other hand the expression inside the curly braces in Eq. (9.12) is

positive, then leakage through the energy market channel is larger under a

consumption-based policy. Still, that does not necessarily imply that also overall

leakage through both channels is larger under a consumption-based policy. For that

to be case, additionally the second term also needs to be larger in absolute value

than the first term in Eq. (9.12), which represents leakage through the non-energy

market transmission channel. This case can, of course, not be excluded; it however

requires a specific combination of parameter values. In general, as can be seen from

Eq. (9.12), overall leakage through both channels will be smaller for a

consumption-based policy as compared to a production-based policy,

– the larger the effect of the non-energy market channel compared to the energy

market effect and

– the larger the amount of emissions embodied in imports, EM, compared to

emissions embodied in exports, EX.

Again, as at various other points in this study, however the following recommen-

dation will be made: as carbon leakage just covers one aspect of environmental

effectiveness, the selection of a policy should in most circumstances be based

directly on an assessment of the environmental effectiveness of that policy, and

not on the amount of carbon leakage it causes.

9.1.4 Practical Implications of the Impact of the Fuel Market
on Emissions

Next, we will discuss how far the findings of our model-based analysis on the

energy market policy transmission channel conform to some of the central results

reported in the CGE literature. We concentrate on two such results:

– “For small abating coalitions leakage through the competitiveness channel is

relatively more important, whereas for large abating coalitions leakage through

the fuel price channel dominates” (e.g. Burniaux et al. 2010).

In Sect. 8.2.1 it has already been demonstrated that with the model of this study

leakage through the competitiveness channel also drops with coalition size. Here,

we therefore discuss only the relationship between coalition size and leakage

through the energy market channel. We confine our analysis to a production-

based policy with a leakage ratio of less than 100 % (this conforms to the setting

usually studied in the CGE literature). Let us conduct the following thought

experiment: We increase the size of the abating coalition by increasing H and at

the same time reducing F (see Footnote 22 of Chap. 8 for the rationale for this

approach). At the same time, we keep the reduction of global emissions constant.

The consequence of this is that the size of the fuel price effect also remains

constant. What will change with changing coalition size is thus only the split-up
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of the fuel price effect between abating and non-abating countries—and thus the

amount of carbon leakage. To see how, first note that the tax rate cannot be kept

constant. Increasing the coalition size with a constant tax rate would mean increas-

ing emission reduction. Thus as the global reduction of emissions is to stay

constant, the tax rate will have to be lowered as the coalition size increases.

Observe, however, that in the analysis of this study a change in the tax rate has

no effect on the split-up of the fuel price effect between abating and not-abating

countries (this is due to the use of comparative static derivatives—the amount of

emissions reduction is thus linear in the tax rate). But the increase in the coalition

size obviously has an effect on this split up—the larger the coalition, the larger the

share of the overall fuel price effect that will fall inside the coalition—and thus the

smaller the amount of carbon leakage through the energy market channel.

We have thus arrived at a result that seems to contradict the findings of the CGE

literature on leakage. A possible resolution of this apparent contradiction is the

following: The CGE literature often assumes that ever larger coalitions achieve an

ever larger reduction of global emissions. Thus the observed increase in carbon

leakage with coalition size may actually be due to an increase in the amount of

emission reduction—an effect that will become even stronger if a nonlinear rela-

tionship between fuel demand and fuel price is assumed. In practical terms, this

increase in leakage through the energy market channel may of course play a role in

political considerations—even if its cause is not the size of the abating coalition per
se, but the magnitude of emission reduction.

Let us now look at a second central finding of the CGE literature:

– “The energy market leakage channel cannot be systematically influenced by

border measures” (e.g. Boeters and Bollen 2012).

This statement seems to imply that there is no difference in leakage through the

energy market leakage channel between a production- and a consumption-based

policy. This section has shown, on the contrary, that with the model of this study

there may well be such a difference. But recall that the definition of leakage used

here for a consumption-based policy does not conform to the definition employed in

the CGE literature—as mentioned, that strand of literature always assesses leakage

with the formulas designed for use with production-based policies (Eqs. 2.16 and

2.17). To allow a comparison, let us therefore also apply these “production leakage

formulas” to measure leakage for both policy variants. Using the same formula for

both the production- and the consumption-based policy, of course, implies that the

tax base used in this formula is the same for both policies. Thus, if the initial amount

of emissions reduction through the non-energy market transmission channel is the

same for both policies, then the fuel market effect is the same for the two policies

and thus the amount of leakage through the energy market channel will also be the

same. But the reverse also holds true: if the amount of emissions reduction through

the non-energy market channel is not the same for the production- and the

consumption-based policy variant, then leakage through the energy market channel

will also differ. Thus, in the model of this study, if a switch of the tax base can

change the effectiveness of a policy as regards its impact via non-energy markets,
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then—as a direct consequence—the amount of leakage through the energy market

channel will also change. In this case it is therefore possible to influence this

leakage measure—although the impact cannot be achieved separately, but only in

combination with also influencing policy effectiveness via the non-energy market

channel. Furthermore, this impact always counteracts any effects achieved in non-

energy markets: if, for example, a switch to a consumption based-policy helps to

bring about a larger reduction of global emissions through its effects in non-energy

markets, then the effects in energy markets again “eat away” some of that gain in

environmental effectiveness.

In practical terms this implies that if the aim in selecting a policy variant is to

pick the environmentally most effective one, then the choice can be based on the

performance of this variant in non-energy markets: the variant that is the most

effective one there, will—as the fuel market effect reduces the effectiveness of all

policy variants by the same percentage—also be the most effective variant if policy

effects in both non-energy and energy markets are taken into account. But even if it

is thus not possible to influence leakage through the energy market separately from

a policy’s effectiveness in non-energy markets by means of switching the policy

base—are there other ways to directly affect leakage through the energy market?—

Probably not—at least if we limit our discussion to methods that stand a chance of

being politically acceptable on a global level. Any such method that is not directly

tied to the non-energy market would have to work through the supply side of the

global fossil fuel market—with the aim of keeping the fuel price constant just as

was done in the model-based analysis of Chap. 8. But “fixing the fuel price

globally” seems to be a project that will not be supported internationally (and one

with debatable desirability). This leaves us with the result that it appears to be

indeed quite difficult to influence leakage through the energy-market channel by

political means.

9.1.5 Climate Policy Costs

In Chap. 8 the impact which the introduction of different climate policy variants has

on welfare via effects in non-energy markets was examined analytically. This

chapter has added energy markets to the analysis—a similar attempt to analyze

welfare effects analytically will, however, not be made here: the interplay between

the different markets is already too complex to be suited for a welfare analysis in a

partial equilibrium with its limitations on income effects between the different

markets. Instead, a few general observations on climate policy costs—and thus

welfare effects—in a setting including a fossil fuel market will be listed. To begin

with, note that the fossil fuel resource must be owned by one of the two regions

(or by both) and that the sale of fossil fuel generates resource rents. The introduc-

tion of a climate policy then has, inter alia, the following consequences:
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– The region that owns the fossil fuel resource will suffer a welfare loss as the

climate policy will curb demand for fuel and will drive down its price, thereby

cutting into the rents of the owners of the resource.

– A region that imports fossil fuel, but does not abate, will experience a welfare

gain as the climate policy drives down the fossil fuel price.

– The tax necessary to achieve a given amount of emission reduction needs to be

higher in a scenario where the fuel price is not fixed than in a scenario with a

fixed fuel price. The recipients of the tax revenues are therefore better-off in a

scenario without a fixed fuel price (at the expense of resource owners).

– Consumers buying the taxed goods are indifferent whether these goods have

become more expensive as the result of the net fuel price remaining constant and

a (smaller) tax being imposed on top of it, or as the result of the net fuel price

dropping, but instead a larger tax being imposed—they react only to gross price

changes.

Again, as in the case with a fixed fuel price, the distributional consequences of the

introduction of a climate policy will to a large degree also depend on the question

what share of the abatement costs can be passed on to the other region.

9.2 Abatement via Income Effects and Its Distributional

Implications

The examination of climate policy costs in the previous sub-section has already

prepared the field for a discussion of the third channel—after the non-energy market

and the energy market channel—of climate policy transmission, the income chan-

nel. Put briefly, this channel works as follows: the introduction of an abatement

policy affects the prices of goods and the income of the factors of production; as a

consequence, consumers can only afford to buy less (in certain cases: more) goods

than before and that will have an effect on emissions. In the non-policy region—

developing and emerging economies in the setting of this study—this change of the

emissions level brought about by the change in income (or more general: change in

welfare) is carbon leakage—or, more precisely, carbon leakage through the income

channel. The model-based analysis in Sect. 8.7 has shown that typically non-

abating countries also bear some of the burden of the abatement policy—thus

typically they will suffer a welfare loss through the introduction of the policy and

will therefore experience “negative leakage,” i.e. a drop of emission. More gener-

ally, however, not only the non-abating countries, but also the abating countries

experience changes in their welfare through the introduction of the policy, and that,

in turn, will again affect emissions.

All these effects were implicit in the model-based analysis of Chap. 8 and of the

first section of this chapter—the difference being that they were analyzed not in a

general equilibrium setting, which for income changes is usually better suited, but

in partial equilibrium. Here the discussion of such income effects is taken up once

192 9 Energy Market, Income, and Technology Effects

http://dx.doi.org/10.1007/978-3-319-15991-1_8#Sec17
http://dx.doi.org/10.1007/978-3-319-15991-1_8


again, now under the heading of a separate “transmission channel”—the reason

being that all issues relating to the global distribution of climate policy costs, i.e. the

distribution of the welfare effects caused by climate policy, are extremely disputed

in the international political debate and thus those who wish to contribute to this

political debate must have a detailed understanding of the issues at stake. This

section therefore not only looks at effects on emissions triggered by income

changes which were brought about by the policy, i.e. the income channel of policy

transmission, but also at these income changes per se, especially at the distribution

of these income changes between the two regions. In contrast to the model-based

analysis of Chap. 8, here we will not restrict our analysis to a case where all policy

costs can be passed on to consumers—thus, the setting in this section is more

general than in Chap. 8.

9.2.1 Distributional Effects of Climate Policy

In general, every abatement policy works, at least partly, by making economic

agents “poorer” in real terms—abatement costs are real resource costs that have to

be borne by some agent (see also the introductory paragraphs of Sect. 8.7 on how to

define abatement costs at the level of an entire economy). The costs will be typically

split between the two regions—in the extreme, as climate policy also changes the

terms of trade, the result of the introduction of the policy may, however, be that one

region experiences a welfare gain and the other one a welfare loss that exceeds the

costs of the abatement policy. Thus not only are the costs of the policy “distributed”

between the regions, but the policy additionally “redistributes” some of the regions’
wealth. Developing and emerging economies are, of course, very sensitive to

changes in their welfare imposed on them by industrialized countries—and there

is a widely-held belief that in particular the introduction of border measures, i.e. a

form of policy that comes close to a consumption-based approach, will be to their

disadvantage (see e.g. Voituriez and Wang (2011) on the Chinese position), while

there is little resistance to industrialized countries following a production-based

abatement approach. Whether it is indeed true that a consumption-based policy will

impose larger costs on developing countries than a production-based one, is a

question that can only be answered empirically. Theoretical models can—

depending on their structure and the specific parameter values used—produce either

result (in the model of this study, for example, the costs borne by developing

countries are lower if industrialized countries switch to a consumption-based

policy, see Sect. 8.7.3). But theoretical models can help to identify the parameters

on which the distributional effects of the introduction of a climate policy depend—

and these considerations shall, without resorting to a mathematical representation,

be briefly discussed here.

Again, as in Sects. 8.7 and 9.1.5, think of costs as welfare losses and of the policy

being imposed by means of a carbon tax. How the welfare costs of this tax are split

depends on (i) which region bears the tax burden, and (ii) which region receives the
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tax receipts.3 The answer to (i) will be determined by what is discussed in the

climate policy literature as the “cost pass-through rate” (Neuhoff 2008; Monjon and

Quirion 2009): If a tax is imposed on the carbon content of a good a firm produces,

this firm will be more or less able to pass on part of the additional cost to consumers,

i.e. the price of the taxed good will rise more or less. The cost pass-through rate

depends inter alia on the structure of the market in which the firm competes, the

degree of international competition, which again depends on factors like transport

costs and barriers to trade, and the elasticity of demand for the product, its

substitutability for other products and the degree of product differentiation—see

Reinaud (2008) for an in-depth discussion. If the good is internationally traded, the

price increase triggered by the carbon tax also changes the terms of trade. Thus we

can analyze the cross-border welfare effects of the policy either by directly

assessing how much of the tax burden is borne by consumers and producers in

each of the regions. Or, alternatively, we can assess the welfare effects of the

changes in the terms-of-trade. These are just two ways of looking at the same effect.

As regards the terms of trade, typically, if the export good of a region becomes more

expensive, the terms of trade of this region improve and the region will experience a

welfare gain.4,5

Using this framework, we can now proceed to discuss the impact on (welfare)

costs of a switch from a production-based to a consumption-based policy. First,

note that in the “standard setting” for both policies, the tax receipts accrue to the

region introducing the tax, i.e. to industrialized countries. If necessary, this “stan-

dard setting” can, however, be changed by means of policy—this will be discussed

in Chaps. 10 and 11. Concerning the tax burdens, assume that the policy region is

large enough to affect world-market prices. Thus, there is at least partial (but, we

will assume, not complete) cost pass-through. Then the tax burden is shared by both

regions, although typically the size of the shares will differ depending on the policy.

To analyze the way in which these shares differ, it is convenient to envisage the

switch to a consumption-based policy as being implemented by means of border tax

adjustments.6 These consist of an import tariff and an export rebate. The import

tariff will improve the terms of trade of the region introducing the tariff at the

expense of the rest of the world; the export rebate will have the reverse effect. Thus,

in the setting of this study, developing and emerging countries gain from the export

3 As in Sect. 8.7, the term welfare refers only to welfare derived from the consumption of goods,

but excludes benefits from emissions reductions—for details see the explanation given there.
4 This is a standard result in models of the Heckscher-Ohlin type. It rests on the assumption that the

Marshall-Lerner condition is satisfied, i.e. that the sum of the import elasticities of the two regions

exceeds unity. Empirically, this condition usually holds in the middle to long run (Artus and

Knight 1984).
5 This paragraph and the following three ones are reprinted—with some modifications—from

Steininger et al. (2014, 82–83) with permission from Elsevier.
6 The results discussed here also hold if consumption-based accounting is introduced by means

other than border carbon adjustments. The discussion is framed in terms of border adjustments

solely for ease of exposition.
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rebate, but suffer a welfare loss through the import tariff. Which effect is dominant

will be determined by the cost pass-through rate in the sectors affected by the

respective tax or tariff, and by the quantity of emissions embodied in the imports

and exports of the two regions.

To simplify our discussion, assume that the cost pass-through rate in both

regions evenly splits the tax burdens between consumers and producers. Then, it

is the amount of carbon embodied in trade that decides which region will gain.

Currently, as discussed in Chap. 6, more emissions are embodied in the exports of

emerging and developing countries than in their imports. Thus, under the assump-

tion of an even split of the tax burden, the welfare effect of the import tariff will be

larger than the welfare effect of the export rebate. The non-policy region therefore

suffers a welfare loss due to the introduction of border measures; the policy region,

on the other hand, suffers a smaller welfare loss—and might even experience a

welfare gain, if the abatement costs are smaller than the terms-of-trade gains. This

is the scenario feared by developing countries. But whether it accurately depicts

real world welfare effects depends on the actual magnitude of cost pass-through in

the affected sectors. As the model-based analysis of this study has demonstrated,

the results just stated are reversed if cost pass-through is complete: developing

countries then gain from the introduction of border measures (see Sect. 8.7.3).

Now consider an “import-tax-only” policy: If we again assume an even split of

the tax burden between the two groups of countries, the welfare effect of such a

policy is even worse for developing and emerging economies than the welfare

effect of a consumption-based policy, as the “import-tax-only” policy, of course,

does not include any export rebate. If we assume, on the other hand, complete cost

pass-through, then the welfare effect of an “income-tax-only” policy on developing

countries is the same as that of a production-based policy.

As already mentioned in Sect. 8.7.4, producers pass on the costs of climate

policy not only to consumers, but also “in the other direction,” to the owners of

factors of production. One group that will suffer exceptionally huge losses from the

pursuit of climate policy are the owners (or the owning regions) of fossil fuel

resources—especially if international climate policy does not only impose the

relatively small emission reductions being currently discussed, but—in the longer

run—the substantial cut-backs on fossil fuel use required to keep global warming

below the 2� threshold. On the other hand, if fossil fuel prices fall due to the pursuit
of climate policy, fuel importing countries may experience a welfare gain.7 The

7Of course, the owners of other factors of production may also experience changes to their

incomes (or to their welfare) due to the pursuit of climate policy—although these effects are

most probably not as wide-spread and pronounced as in the case of the owners of oil fields.

Examples of groups affected include the owners of “green” energy resources like hydroelectric

power stations, who may experience a welfare gain. Also the demand for capital (and therefore the

return on capital) may be affected by climate policy—there actually exist two counteracting

effects: demand for capital might fall, if capital is tied to carbon-intensive industries (which

should contract in size due to climate policy), but might increase if “green” technologies are

very capital-intensive.
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discussion in Sect. 9.1 has shown that such welfare effects working through changes

in the fuel price are to be expected under both a production- and under a

consumption-based policy and that their relative size depends on the effectiveness

of the respective policy variant in bringing about emission reductions via policy

transmission in non-energy markets. Additionally, for both the production- and for

the consumption-based policy variant, the size of the welfare effects also depends

on the elasticity of fuel supply (which in turn influences the amount of cost pass-

through: if producers are not able to pass on climate policy costs to the factors of

production, then the share of costs that they must bear themselves or pass on to

consumers is, of course, larger).

Summarizing, the split-up of welfare effects between the abating and the non-

abating region depends, inter alia, on the following factors:

– The relative cost pass-through rates of the affected sectors of both regions.

– The carbon-content of the imports and exports targeted by the policy.

– The question whether a region is an importer or an exporter of fossil fuel.

Terms-of-trade effects are not included as a separate item in this short list. The

reasons is that analyzing terms-of-trade changes is just another way of looking at

those price changes that have already been described by the three items in the list.

In general, the split-up of welfare effects will not be the same for a production-

and a consumption-based policy. A switch to a consumption-based policy will tend

to cause welfare losses for developing and emerging economies under the following

circumstances:

– if the export sectors of industrialized countries are able to pass on a large share of

the climate policy costs to consumers in developing and emerging economies;

– if, on the other hand, the export sectors of developing and emerging economies

are not able to pass on the costs of the border import tariff (or can pass on only a

small percentage of the costs) to consumers (or buyers of intermediate products)

in industrialized countries;

– if the carbon content of imports of industrialized countries is larger than the

carbon content of their exports.

As concerns carbon intensity, here the typical developing and emerging economy

indeed scores worse than most industrialized countries. But cost pass-through rates

are quite different for different economic sectors. If, however, cost pass-through

rates are generally lower for primary commodities than for manufactured products,

and if the share of primary products in emerging economies’ exports is larger than
that in industrialized countries’ exports, then indeed developing and emerging

economies would be unable to pass on the burden caused by border taxes to

consumers in industrialized countries. But note that the fact that one plant or even

one country is not able to pass on costs, does not permit us to infer that an entire

global industry cannot pass on additional costs: if every plant in that industry all

over the world were faced with the same additional costs and were to raise the

prices of its products, consumers would no longer have the opportunity to choose

between differently priced products from different plants (or from different
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regions); and the producers might therefore be able to pass on a larger share of the

cost increase than in a situation where just one plant acts alone. In the end, the

question whether a switch to a consumption-based policy indeed induces welfare

losses for developing and emerging economies can only be answered empirically.

9.2.2 The Income Channel of Policy Transmission

Just like the question on distributional consequences, the question whether a

production- or a consumption-based policy achieves a larger emissions reduction

through the income transmission channel (or under which policy leakage through

this channel is larger) can also not be answered without resorting to empirical

studies. One might, of course, argue that, as not only the production of emerging

economies, but also their consumption is more emission intensive on average

(i.e. the amount of embodied emissions per dollar spent in these countries is larger),

a larger emission reduction can be achieved by reducing the income of emerging

economies than by reducing the income of industrialized countries. But there are

several reasons why such a policy of “abatement by impoverishing other countries”

is actually a bad option: First, it defies various justice criteria (see Sect. 6.3) and

therefore it is, secondly, a policy that would be difficult to defend politically and

which, if unilaterally implemented, would seriously undermine trust in interna-

tional climate negotiations. But even apart from these reasons of justice and

political feasibility, as will be argued in Sect. 9.4 there are also convincing

economic reasons why such an approach would not contribute to the environmental

effectiveness of a policy. Thus we may conclude that a reduction of welfare is a

possible method to reduce emissions and that there is no variant of climate policy

that does not reduce the welfare (from consumption) of at least some regions or

economic agents. Still, as far as developing countries are concerned, climate policy

should aim to avoid such income losses as much as possible or even to compensate

for them. This topic will be discussed in more detail in Chap. 11.

9.3 Policy Transmission Through Technological

Spillovers8

Like the income policy transmission channel, the technology spillover channel also

creates “negative leakage” and thus helps to reduce global emissions. It rests on a

two-step process: (i) the introduction of carbon pricing creates incentives to

develop “green” technology in the sectors included in the tax base; and (ii) these

8 This section is reprinted—with some modifications—from Steininger et al. (2014, 82–83)

with permission from Elsevier.
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“green” technologies spill over to sectors not included in the tax base. The size of

the overall effect will jointly be determined by (i) and (ii).

Regarding (i), a switch of the tax base from production to consumption excludes

the exports of industrialized countries, but includes those of developing and emerg-

ing economies in the scope of the policy and thus introduces in effect carbon pricing

to (part of) the economy of these countries. Whether this will actually trigger the

development of “green” technology in developing and emerging economies will,

however, depend on whether these countries have appropriate research facilities at

their disposal. One may suspect that, at least in many developing countries, this will

not be the case; and thus, without additional support from industrialized nations, the

desired technological innovations in developing countries may not materialize.

Regarding (ii), the spillovers, it can, however, be expected that these will be

enhanced by a switch to consumption-orientation of the policy. This is due to the

fact that under a consumption-based policy there will not only be “inter-regional”

spillovers (i.e. from industrialized to developing countries), but also spillovers that

are “intra-regional,” e.g. from the export sector to the domestic production sector in

developing economies; and barriers to “intra-regional” or even “intra-country”

spillovers can be expected to be lower than barriers to spillovers across regions.

To summarize, a brief analysis of the technology spillovers channel suggests the

following: A switch to a consumption-based policy will at least enhance step (ii) of

the transmissions process—it will accelerate the spread of clean technology

throughout developing and emerging economies once this technology has been

introduced to one sector there. Still, there remain doubts about its effects on step (i).

9.4 Limitations to an Analysis Relying on Simplified

Models

The results on policy transmission via non-energy and energy markets—see

Chap. 8 and the first section of this chapter—were all obtained in a partial

equilibrium setting. Some authors have voiced the criticism that such simplified

settings will not accurately depict the response of developing and emerging econ-

omies to the imposition of border adjustments. For example, Houser et al. (2008)

and Jakob and Marschinski (2013) point out that countries targeted by border tariffs

on their exports might react with import substitution (see Sect. 4.3). When

presenting their study, Jakob and Marschinski argued that this effect may be so

strong that the introduction of border tariffs may not only fail to have a positive

effect on the global climate, but might actually harm it (Endres 2012). But,

currently still little is known about the actual size of this effect—it is not

represented in partial equilibrium models, and one could suspect that it is also not

accurately depicted in CGE models, as import substitution on a larger scale would

require a substantial change to the structure of an economy. As will be discussed in

Chap. 11, it may however be possible to avoid such an effect by designing a switch
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of the policy base in a way that avoids or compensates income losses of developing

countries.

Another reason why simplified models may not accurately predict the response

of developing countries to a switch of the policy base is that such models usually do

not depict the many ways in which producers can avoid or circumvent the border

tax. Think, for example, of the following setting: not all firms in developing and

emerging economies employ the same technology, in fact plants in these countries

produce with different carbon-intensities. If a tax on carbon embodied in the

exports of these countries is introduced, then the “cleanest” producers will concen-

trate their sales in export markets. Some of the modern plants in emerging econo-

mies producing with low-carbon technology may be able to compete on an equal

footing with factories in industrialized countries. The “dirty” producers, on the

other hand, may channel their sales into their home market. The tax thus has no

effect on the carbon-intensity of production in emerging economies—it just redi-

rects the sales of individual plants in these countries.

Also at the international level, the border tax can be avoided by a redirection of

trade flows. Houser et al. (2008) give the following example: the U.S. imposes a

border tax on carbon embodied in Chinese steel, but not on carbon embodied in

Japanese steel (for example, because Japan produces with a cleaner technology).

This makes Japanese steel more competitive in the U.S. market than Chinese steel.

Japan could therefore redirect steel originally produced for the domestic market to

the U.S., and Japanese domestic steel demand could be satisfied with imports from

China. The effect of the border tax therefore is just a diversion of Chinese steel

exports—but again the tax does not change the carbon-intensity in Chinese plants

and thus also has no effect on the quantity of global emissions. Of course, such

effects involving the redirection of trade flows cannot be detected if one relies on

models with only two regions. In the example above, the effect could be avoided if

Japan also introduced a climate policy comparable to that of the U.S. Basically, a

redirection of trade-flows can occur in all situations in which not all “low-carbon-

countries” join the abating coalition. Thus, this effect is primarily a problem for

small regions forging ahead with their climate policy.

9.5 Conclusion

The analysis of policy transmission via non-energy markets in Chap. 8 has shown

that an “import-tax-only” policy is environmentally more effective than either a

pure production- or a pure consumption-based policy under fairly general assump-

tions, but that the question which is more effective, a production- or a consumption-

based policy, depends on the specific values of the model parameters and on details

of policy design. This chapter has added the other three policy transmission

channels to the analysis—the energy market, the income, and the technology

spillovers channel—and it has discussed some shortcomings of an analysis relying
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on sectoral two-region models. This changes the core results of our analysis in the

following way:

– The effects of policy transmission via energy markets do not change the ranking

of the different policy variants in terms of environmental effectiveness—they

lower the effectiveness of all variants by the same percentage. If, however, the

elasticity of fuel supply is very low (and the fuel supply curve therefore virtually

vertical), none of the policies will be effective in reducing global emissions.

– In general, all policy variants affect the welfare of both abating and non-abating

countries. The “import-tax-only” policy variant reduces the welfare of develop-

ing and emerging economies by more (or at least: not less) than the other two

variants. The question whether a production- or a consumption-based policy has

a larger effect on the welfare of developing countries however depends on the

specific values of the model parameters. But, in general, the better exporters in

industrialized countries are able to pass on the additional costs imposed by

carbon taxes to consumers in developing and emerging economies, and the

less exporters in emerging and developing economies are able to pass on the

costs imposed by the import tariff to consumers in industrialized countries, the

larger the burden in terms of lost welfare that emerging and developing econo-

mies have to bear.

– “Abatement by inducing income losses” is a form of climate policy that should

be applied only with great care—especially if targeted at developing and emerg-

ing economies. It contradicts justice criteria; and additionally doubts exist

whether it actually works: reducing the income of developing and emerging

economies may induce import substitution in these countries and—as these

countries produce with higher emission intensity—may thus actually increase

instead of reduce global emissions.

– A consumption-based policy orientation (and equally: an “import-tax-only-pol-

icy”) may enhance the spread of “green” technology. But there remain doubts

whether it also enhances the development of “green” technology.

– The introduction of a tax on imports from developing and emerging economies

will induce “tax avoidance strategies” in these countries—and these strategies

also lessen the effect of the tax on emission reduction. One such strategy is the

re-routing of international trade flows. It can theoretically be counteracted by

including all “low-carbon countries” in the abating coalition. Another such

strategy works if the emissions intensity of different plants in emerging econo-

mies is different. Then the “low-carbon” plants can concentrate on exports,

while the “high-carbon” plants produce for the domestic market. Again, the

emission reduction effect of the tax is reduced—and there is virtually no

practicable method that can prevent the use of such a “tax avoidance strategy.”

The results of this chapter and the previous one will be taken up again in Chap. 11—

to guide the development of proposals on policy design.
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Part III

Implementing Consumption-Based Policy
Approaches



Chapter 10

Design Options for Consumption-Based
Policy Approaches: A Literature Review

Abstract Whereas most of this study concentrated on policy effectiveness, this

chapter discusses additional criteria that a consumption-based climate policy—

typically introduced by means of border carbon adjustments—must meet to prove

politically feasible in a “real world” setting and also reviews proposals for the

practical design of border measures. Many economists consider the adoption of

consumption-oriented policies as legitimate only if these policies further environ-

mental objectives. Additionally, it is often recommended to compensate developing

countries for possible welfare losses that the introduction of such policies may

bring—either by channeling the revenues from border taxes to these countries or by

letting them levy an export tax instead of a carbon import tariff imposed by

industrialized countries. Also, border measures should be introduced in a transpar-

ent fashion and only after consultations with the countries targeted by the measures.

A review of four border adjustment design proposals shows that most authors

recommend applying the adjustments not to all goods but only to a few carbon-

intensive basic commodities. Also, most economists favor relying on carbon

benchmarks instead of establishing the carbon content of each good separately.

Some economists, however, criticize this approach as it would mean that much of

the efficiency and incentive effects of the border scheme could be lost.

This chapter and the following one form the third—and last—part of this study.

Building on the results of the analytical chapters of this study as well as on some

findings of the quantitative border adjustment literature, this part will discuss

whether in “real-world” situations it is possible to implement a consumption

based-policy that is environmentally more effective than the current production-

based approaches. The previous chapters have shown that this question cannot be

answered with a simple “yes” or “no”—rather the answer depends on quite specific

details of the situation being studied and the design of the policy instruments. This

chapter will review the literature on criteria for the design of such instruments and

present some design proposals made in recent years. Chapter 11 then discusses the

consequences for policy design that follow from the findings of this study.

In Chap. 2, two different methods for the practical implementation of a

consumption-based policy orientation were introduced: a “carbon-added” system

and border tax adjustments. Setting up a “carbon-added” system would take many

years and require the cooperation of all—or at least most—countries of the world.
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Following the initial suggestions of such a system by Droege et al. (2009), the

possibility of realizing it has so far not been further discussed. As concerns border

tax adjustments, however, there already exist some detailed proposals about how

such a system could be designed. Most of them in fact do not envision a “full”

switch to consumption-based emissions accounting; rather, these proposals dem-

onstrate how difficult in practical terms such a “full” switch would be. Efficiency,

of course, would require that the border tax adjustments mimic the domestic system

of carbon pricing as close as possible (at least in certain respects—see Sect. 4.1) and

thus indeed represent a switch to consumption-based accounting. But in designing a

border adjustment system for the “real world”, besides environmental effectiveness

or cost-effectiveness there are at least three other criteria that count: (i) the system

should stand a reasonable chance of conforming to WTO rules—at least if it is

intended to introduce it without first signing an international agreement that

changes trade law; (ii) its implementation should be practicable, i.e. its administra-

tive complexity and cost and the information and monitoring requirements should

not be prohibitive; and (iii) it should be politically acceptable, also to countries that

are not part of the abatement coalition—thus, distributional consequences as well as

criteria such as the moral justification for the measures or procedural fairness must

be considered. Additionally, as Stern (2007) points out, the proposed system should

also be “perceived as fair,” as political acceptability is ultimately determined more

by how politicians and the general public in affected countries see the policy than

by whether it meets some abstract justice criteria (some authors list further criteria,

see e.g. Droege et al. 2009; Droege 2011; Cosbey et al. 2012). Point (i) has been

examined in Chap. 3; point (ii) will be discussed in the second section of this

chapter: in that section four detailed proposals for a border tax design will be

presented; and for three of these proposals the practicability of the scheme was a

guiding principle. Point (iii)—the political challenges of the introduction of border

measures—has, so far, not been discussed in detail in this study. For the practical

implementation of border measures, however, it is an extremely important point. It

will therefore be examined at some length in the first section of this chapter.

10.1 Making Border Carbon Adjustments Politically
Acceptable

The current international political climate does not favor the introduction of border

adjustments. In industrialized countries, such adjustments have in recent years

mostly been discussed as either a “stick” to encourage other countries to pursue a

more ambitious climate policy or as a measure to address fears about loss of

competitiveness. Only rarely have they been seen as a means to further environ-

mental objectives. In developing countries and emerging economies, on the other

hand, the possible introduction of border measures by industrialized countries is
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considered unfair protectionism and feared as a threat to the export industry and,

more generally, to the export-based growth strategy of many emerging economies.

Many authors discussing the practical challenges of an introduction of border

measures therefore argue that in order make such an introduction possible, first the

suspicion and mistrust of developing countries must be addressed: “Developed

countries need to abandon rhetoric about trade protection to force other countries

to do more, and focus instead on legitimate goals associated with ensuring that their

own policies do not create unreasonable disadvantage,” Grubb (2011, 1056)

demands. And Neuhoff and Ismer (2008, 5), summarizing the results of an expert

workshop on border adjustments, recommend an international process to “create

confidence among developing countries that a border adjustment which discrimi-

nates against their producers will not be applied.” But what are “legitimate goals”?

Is a border adjustment system possible that does not “discriminate against the

producers” of developing countries? And—is it possible to design a system of

border measures from which both developed and developing countries benefit,

i.e. to create a win-win situation?

10.1.1 Objectives of Border Adjustments and Their
Legitimacy

There seems to be some consensus in the academic discussion that reducing carbon

leakage definitely qualifies as an acceptable or “legitimate” objective for the use of

border measures—but protecting the domestic industry or applying economic

pressure to other countries in general does not (see e.g. Neuhoff and Ismer 2008;

Grubb 2011; Cosbey et al. 2012). The difference between these possible objectives

is that only reducing leakage is clearly an environmental goal—it will improve the

environmental effectiveness of the current international climate regime (the caveats

discussed in Sect. 8.4.2, of course, apply). As such, reducing leakage should be in

the interest of all countries and not only promote the narrow national interests of the

coalition planning to introduce the border measures—for the non-abating countries

“reducing leakage” therefore should be acceptable as a morally legitimate goal.

Grubb (2011), however, advocates adopting a pragmatic approach towards

policies meant to support competitiveness also: he argues that countries opposed

to border measures need to “acknowledge the truth that no politician is going to

impose a carbon price on a sector that can make a politically credible threat to

migrate.” Therefore, the alternative to border measures is not to have such sectors

without any protection at all. Rather, they are typically protected by being

exempted from carbon pricing, for example by receiving emissions allowances

for free. But that is obviously environmentally less effective than the application of

border measures: an exemption from carbon pricing means that the sector in

question is not subject to an abatement policy anywhere in the world—neither in

the abating countries, nor of course in the non-abating countries. With a domestic
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abatement policy coupled with border adjustments, on the other hand, at least the

production for domestic use in the abating countries and the imports of the abating

countries are covered by the policy. Grubb (2011, 1052) points out the quantitative

dimension of this problem: “To start the journey towards deep emission reductions

by exempting sectors that account for about a third of global emissions is not a very

promising way to solve the climate problem.” To sum up, if one accepts that the

competitiveness of certain sectors will always be protected, then one should prefer a

protection by means of border measures to one by means of exemptions, as border

measures are the environmentally more effective method.

Grubb (2011) presents a second argument for border carbon adjustments that, in

his view, is supported by both environmental and competitiveness concerns: if the

industry of a region feels well protected, it will be much easier for this region to

commit to a more stringent abatement policy. Introducing border adjustments

therefore will allow climate coalitions to unilaterally forge ahead with an ambitious

policy. The EU, for example, could raise its emissions reduction target for 2020

from 20 to 30 % if the EU industry did not fear a loss of competitiveness, Grubb

asserts. This argument is debatable—as we have seen in Sect. 5.2.1, studies

comparing border adjustments to free allocation of emission allowances typically

conclude that border adjustments are better at preventing leakage, but that free

allocation of allowances is better at preserving competitiveness. The reason is that

free allowances also exempt production for the domestic market from the abate-

ment policy, whereas border adjustments do not. However, which system will be

preferred by the domestic industry actually depends on the details of the system.

The EU ETS, for example, does not grant a complete exemption for industries at

risk of leakage from emission pricing; thus, it may well be the case that some firms

or sectors prefer border adjustments to exemptions.

Not all authors agree with Grubb (2011) that preserving competitiveness—if it

improves the domestic acceptability of a stringent climate policy—is a legitimate

motivation for border adjustments. Cosbey et al. (2012) warn that some sectors that

would migrate from industrialized to emerging economies due to global trends,

even without any climate policy, might use the “competitiveness argument” to seek

protection from these global trends; and also that preventing the loss of competi-

tiveness is not a valid argument for breaching world trade law. Still, even Cosbey

et al. concede that few real world policies achieve just a single objective. And

Neuhoff and Ismer (2008, 4) remark that “focusing on leakage (. . .) addresses

relevant competitiveness concerns, without opening discussion on wider competi-

tiveness concerns that are by and large unrelated to carbon pricing.” Thus, there

seems to be agreement that there is nothing wrong with addressing competitiveness

concerns as long as this unambiguously brings about a reduction of carbon leakage,

too, i.e. as long as it also addresses environmental concerns.

Of course, one could also argue that using border tax adjustments as a “stick” to

force other countries into signing an international climate agreement is a policy that

is, ultimately, motivated by environmental concerns. Nonetheless, the academic

literature mostly disapproves of this option: it “may create negative repercussions

that undermine international cooperation on climate policy” (Neuhoff and Ismer
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2008, 4), it is probably in conflict with the UNFCCC principle of “common but

differentiated responsibility,” and it “could open the door to sanction-like actions”

(Cosbey et al. 2012, 9), i.e. a policy where the threatened measures by far exceed

the levels of border measures that could be justified by carbon leakage. Droege

(2011, 1196) explicitly stresses the importance of “a clear commitment that any

border measure is linked to the underlying GHG emissions that cross the border.”

Thus, while politicians often see border measures as a means of protecting com-

petitiveness or of pressurizing other countries to reduce their emissions (see Sect.

3.1), in the academic discussion there is some reluctance to accepting the legiti-

macy of any motivation for border adjustments that is not clearly linked to the

environmental effectiveness of the policy.

10.1.2 Border Carbon Adjustments as a Win-Win Scenario?

The introduction of border carbon adjustments changes relative prices and therefore

creates winners and losers: individuals, economic sectors, and whole countries. The

international climate negotiations are conducted at the level of countries—still, the

positions taken by the governments at these negotiations will not necessarily reflect

whether a country as a whole is a winner or a loser: Quite often, certain social

groups within a country are better at making their voice heard. For example, if

industrialized countries introduce border adjustments for their trade with China,

this will typically benefit consumers in China, but hurt the Chinese export industry.

While the position of the Chinese export industry is well-known globally, we hear

only little of the position of the Chinese consumer. The same holds true for most

industrialized countries: the discussion on border carbon adjustment is dominated

by the views of industry representatives. Thus, by listening to the public discussion

on border measures, one might gain a wrong impression on who the winners are and

who the losers. Rather, a detailed economic analysis is called for to establish the

distributional consequences of border adjustments.

Sections 8.7.2, 8.7.3, 9.1.5, and 9.2.1 have examined the distributional conse-

quences of the introduction of border measures: the import tariff burdens the export

industry of the non-abating countries and the consumers of the abating countries,

while the export rebate benefits the export industry of the abating countries and the

consumers of the non-abating countries. Additionally, the import tariff generates

revenues, which can be distributed, but the export rebate requires government

funds, which must be raised. Finally, if the policy reduces global emissions and

thus slows climate change, all countries will benefit from this effect. Apart from

these comparative-static impacts, the redistribution of income between sectors and

countries might also trigger dynamic effects. Countries like China that follow an

export-based growth strategy probably expect that additional income accruing to

export-oriented sectors will benefit the whole economy and increase the overall

growth rate, but such dynamic effects are beyond the scope of this analysis. Taking

all effects together, as we have seen in Sect. 9.2.1, it cannot be established in
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general, which group of countries will win and which will lose (or whether both will

win)—this depends on the specific parameter values and is therefore an empirical

question. However, only if developing and emerging economies can be assured that

they will not be among the losers of the proposed scheme, will they be willing to

politically accept the introduction of border measures. Thus it is crucial to deter-

mine under which circumstances not only the countries planning to introduce the

border policy, but all countries benefit.

Grubb (2011) argues that in general the demand for basic commodities is not

very price-sensitive, so that producers would be able to pass on the great majority of

cost associated with border adjustments to final consumers. That would imply that

above all consumers in the carbon-pricing region would face additional costs,

whereas consumers in non-abating countries would be relieved of some costs.

This is exactly the same as the result produced by the partial equilibrium model

employed in Chaps. 7–9 of this analysis. Still, as we have seen in Sect. 5.2.3, most

simulation models give exactly the opposite result—it is the non-abating, i.e. the

emerging and developing countries in most studies that bear most of the burden of a

climate policy with border measures. The model of Dong and Whalley (2009),

which does not fit into this general picture, can, however, indicate what a border

adjustment policy that produces welfare gains for developing countries should look

like: the import tariff should not be too high (it is set at the carbon-intensity of the

importing, and not of the exporting country in the model of Dong andWhalley), and

there should be an export rebate. If—as favored by many experts and politicians—a

border policy without an export rebate is introduced, then, however, a welfare gain

for non-abating countries indeed seems unlikely—at least if one does not count

welfare gains from a slowing of global warming.

The discussion so far has however neglected the fact that it is possible to

redistribute income between the abating and the non-abating countries. If a policy

with border adjustments is indeed more cost-effective than one without such

adjustments, then the introduction of the adjustments produces a net welfare gain.

Thus it is—at least theoretically—possible to attain a situation where both groups of

countries are better-off. In many cases, also funds will easily be available that can

be used for such redistributive purposes: the import tariff raises revenue—and if the

policy consists only of an import tariff or if the revenues from the import tariff are

larger than the funds needed to finance the export rebate, then this revenue can be

disbursed. So far it was assumed that it would always be disbursed in the country

that introduces the border measures, i.e. in the scenarios discussed here in indus-

trialized countries. But that need not be the case: some authors have suggested

channeling this money to developing countries, e.g. Grubb (2011) or Springmann

(2013). By contrast, Clarke (2010) proposes a different scheme where border

measures rather work as a fall-back option for countries that do not want to join a

global cap-and-trade system in emissions allowances. Still, also Clarke stresses that

developing and emerging economies would have to be compensated for introducing

carbon pricing.
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10.1.3 Export Taxes: A Feasible Alternative to Import
Tariffs?

A possible alternative to a carbon import tariff is discussed by Droege et al. (2009)

and Wang and Voituriez (2009): an export tax charged by countries that are not part

of the abating coalition. Theoretically, such an export tax levied by exporting

countries could exactly resemble, and therefore replace, an import tariff levied by

importing countries. The only difference between the two measures would be that

the tax revenues immediately accrue to the exporting country, i.e. to developing and

emerging economies in the scenario studied here. Thus, they would not need to be

redistributed from the abating to the non-abating countries as in the case of an

import tariff. The option of an export tax might also be politically attractive to

developing and emerging economies, as they would maintain full control over the

tax revenues. Mueller and Sharma (2005) argue that the idea of introducing such

taxes might even be a way out of the current impasse in international climate

negotiations.

Actually, China has already some experience with both export taxes on some

products and a reduction of VAT refunds on others (Droege et al. 2009; Wang and

Voituriez 2009). In the last decade, China levied export taxes between 5 and 25 %

on sectors such as iron and steel, aluminum, copper, and several other non-ferrous

metals. The tax rate was not dependent on the carbon content of the commodities

taxed, and thus the export tax was not a carbon tax (or a carbon border adjustment)

in a strict sense. Still, it was mostly energy- and carbon-intensive products that were

taxed; and the goal of the Chinese policy was to reduce the export of goods that use

large amounts of energy or natural resources as inputs (however, this was done to

avoid domestic shortages, and not so much for environmental reasons). Wang and

Voituriez (2009) convert the Chinese export tax rates into CO2-based rates to

determine the CO2 price implicit in theses rates. They find that in the years 2006–

2008 the implicit CO2 tax on Chinese steel was between 30 euros and 43 euros per

tonne of CO2, for aluminum it amounted to 18–26 euros, and for cement 2.5–3.5

euros. Thus, for steel and aluminum the implicit border carbon tax was in the range

of the carbon price of the EU ETS—for these two products the Chinese export tax

system performed no worse, and probably even better, than a (theoretic) border

carbon adjustment system the EU might have designed. For cement, however, the

Chinese tax did not offer the protection the EU might have hoped for. Still, these

calculations show that an export tax system might be an alternative to a carbon

import tariff. Wang and Voituriez (2009), however, note that China often changes

her export taxes—sometimes on a yearly basis. To make them a reliable climate

policy tool a long-term commitment would be required.
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10.1.4 Compensating Developing Countries for Income
Losses

Whichever policy tool is employed—be it export taxes or carbon import adjust-

ments—one important question is whether the amounts raised would suffice to

compensate developing and emerging economies for any possible welfare losses

resulting from the introduction of border adjustments. Grubb (2011) performs

simple calculations based on recent trade figures to determine the prospective

revenues that can be raised by import measures. He assumes that the border

adjustments are based on direct emissions only and the use of best available

technology (BAT) at a carbon price of 15–30 euros per tonne of CO2. From trade

in cement, the EU could thereby raise 0.5–1 billion euros per year; and from steel

trade 2–4 billion euros per year. If the whole OECD region were to apply border

measures, the possible revenues for cement and steel taken together would amount

to 3.5–5 billion euros per year for a carbon price of 15 euros, or roughly double that

amount for a 30 euros carbon price. If more commodities were included in the

carbon pricing scheme, of course, the revenues would be higher. Grubb (2011)

suggests that these revenues could be counted towards the pledges of industrialized

countries to contribute to international climate finance. In that way, two problems

of international climate policy could be solved at the same time: the problem of

competitiveness and leakage on the one hand, and on the other hand the problem

how to raise enough funds for international climate finance. At the UNFCCC

climate conference in Copenhagen, developed countries have committed to the

objective of providing US$100 billion per year by 2020 for mitigation and adapta-

tion in developing countries (Copenhagen Accord, UNFCCC 2010, codified 1 year

later in Cancun: UNFCCC 2011). According to Grubb (2011, 1054), compared to

this promise of US$100 billion, the amount that can be raised through border

adjustments is thus “a modest, but (. . .) far from trivial contribution.” The question

whether the revenues from the border measures suffice to compensate developing

countries for the possible welfare losses brought about by the application of the

measures, cannot however be answered by an analysis like the one just discussed:

Grubb does not determine the effects of the different policies on welfare.

This is, however, done by Springmann (2013), who conducts a more compli-

cated model-based analysis of border carbon adjustments. Springmann also

assumes that the revenues from the border measures are not channeled into the

general budget of developing and emerging economies, but specifically spent on

mitigation and adaptation projects. The effects of this policy are simulated by a

two-step procedure: the impact of clean development investments on emissions in

non-Annex I countries is represented by bottom-up abatement cost curves, whereas

the macroeconomic effects of these investments and the carbon tariffs are captured

by a CGE model. Results are obtained for an emission reduction of 11 % in Annex I

countries. This leads to a carbon price of $15 per tonne CO2. The border adjust-

ments are applied for imports only and are based on direct and indirect emissions

discharged in the country of origin of the imports plus emissions from the transport
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of these goods. The main findings are that the carbon tariff yields revenues of about

$9.8 billion. Investing this sum in mitigation and adaptation projects in non-Annex I

countries reduces emissions in these countries by about 11 %. Carbon leakage thus

turns negative—the combination of climate policy in Annex I countries coupled

with border tariffs and an investment of the proceeds of these tariffs in non-Annex I

countries triggers an emission reduction in non-Annex I countries that is of about

the same (relative) size as the original emissions reduction in Annex I countries. As

concerns welfare, the revenues of the border measures however do not suffice to

compensate developing and emerging countries for the welfare losses the introduc-

tion of border adjustments brings for them—these countries thus would be better off

with an abatement policy of the Annex I countries without border adjustment and

without clean development spending. Springmann (2013, 33) concludes that “[o]n

the political level, this calls into question whether combining carbon tariffs with

clean development financing would be enough to make China and other developing

countries reconsider their general opposition to carbon tariffs.”

As discussed above, the question whether developing countries indeed suffer

welfare losses through border carbon adjustment and if so, how big these losses are,

has not been finally resolved—the results depend on the model employed. Thus

findings that challenge the conclusions of Springmann (2013) cannot be excluded.

The EMF model-comparison study reviewed above (see Sect. 5.2.3) finds that

channeling the tariff revenues to exporting countries cannot fully offset the adverse

welfare effects of the introduction of the border measures on non-abating countries,

but it can at least markedly reduce them (Boehringer et al. 2012). Steininger

et al. (2014) use the data produced by the EMF study, but compare a somewhat

different scenario: as opposed to the original EMF setting, not all of Annex I

countries except Russia abate, but only the EU pursues a unilateral abatement

policy, and the border adjustments include only an import tariff, but no export

rebate. Then, the welfare costs of the policy are the same for non-Annex 1 countries

in a scenario without border carbon adjustments and in one with border carbon

adjustments if the tariff revenues go to the exporting countries. And the Rest-of-

Annex I countries (i.e. the Annex I countries except for the EU countries which

pursue the climate policy) are even better-off in the setting with border measures

and the tariff revenues going to the exporting countries than in the scenario without

border measures. Thus, in this scenario the introduction of border measures has

produced a result where no group of countries is worse-off and some are even

better-off. But even if the revenues from the border tariffs do not suffice to

compensate non-abating countries—as long as the policy with border adjustments

is more cost-effective than a policy without such adjustments, there must be

countries that experience welfare gains by the introduction of the policy. These

countries are therefore in a position to pay the necessary compensation. Of course,

if this compensation cannot be paid from the revenues of the border measures, but

must be drawn from the general budget, the decision to grant it will be politically

sensitive; in a real-world setting it is therefore by no means assured that an

agreement on the payment of such compensation to developing countries can

indeed be found.
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Grubb (2011), however, lists additional reasons why the introduction of border

measures should be in the interest of both abating and non-abating countries. He

stresses that when comparing scenarios with and without border measures one

should be realistic about the typical characteristics of a scenario without border

adjustments. As already mentioned in Sect. 10.1.1, countries tend to protect

leakage-exposed sectors even if they do not implement border measures. Thus,

the real-world scenario without border adjustments usually has many sectors

exempted from carbon pricing by means of free allocation of emissions allowances.

This fact, Grubb argues, should make the introduction of border measures even

more attractive to both abating and non-abating countries: “Developing countries

do not benefit in any way from the current situation, in which countries adopting

carbon prices have to exempt large swathes of industrial production from paying it,

for fear of carbon leakage,” Grubb (2011, 1056) states. And in industrialized

countries, replacing free permit allocation with border measures means that the

government will be able to raise substantial additional funds. Even if the revenues

from the border tariffs are passed on to developing countries, the governments of

industrialized countries will still receive the revenues from auctioning emissions

permits in sectors that have been exempted from carbon pricing before. Thus, there

might be advantages to both groups of countries over and above those reported in

typical CGE studies. Note, however, that as opposed to the governments of indus-

trialized countries, industry in industrialized countries might not welcome the

replacement of free allowance allocation by border measures—free allowance

allocation means also an exemption from carbon pricing for products going to the

domestic market, whereas border adjustments do not exempt these products.

Finally, as our discussion has shown, there are different ways of channeling the

revenues from border adjustments to developing countries: the revenues may go

directly into the general budget of these countries—and these countries may then be

free to decide how to use them; or the revenues go to these countries, but are

earmarked for mitigation and adaptation projects (like in the proposal of

Springmann (2013) discussed above); or, alternatively, the revenues may also be

contributed to internationally administered climate funds. These funds then—

according to certain criteria—decide how to disburse the money. It may thus be

the case that some developing countries receive more of these funds than they have

contributed in the form of border taxes paid, while others receive less. Naturally,

developing countries would rather decide themselves what to do with the border tax

revenues—this is one reason why many of these countries might prefer export taxes

to border import tariffs; but, on the other hand, many industrialized countries may

not be comfortable with completely relinquishing control over the use of these

funds.

To summarize this brief discussion on the distributional effects of border

adjustments, creating a situation from which all countries benefit, will in many

practically relevant cases require that the proceeds of the import tariff are assigned

to non-abating countries, and it might in some cases require an international

redistribution of income that goes even further. The practical challenge for
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countries planning to introduce border adjustments thus is how to win political

approval of such redistribution measures.

10.1.5 A Multilateral Approach to the Introduction of Border
Adjustments

If a border adjustment scheme is designed such that it stands a good chance of not

contradicting international trade law, it could, theoretically, be implemented uni-

laterally. Both the bills introduced in the U.S. in the House of Representative and in

the Senate in 2009 (which, in the end, did not become law) and the EU ETS

directive (see Sect. 3.1) include provisions for the unilateral application of border

measures. Nonetheless, the recent academic literature mostly advises against such a

unilateral approach (e.g. Neuhoff and Ismer 2008; Droege et al. 2009; Droege 2011;

Quirion 2010). Rather, Droege (2011, 1197) calls for an “open exchange with the

trade partners affected,” and Neuhoff and Ismer (2008) recommend formal or at

least informal international coordination and cooperation. The aim of such an

approach is, of course, to win the trust of developing and emerging countries,

which view any kind of trade measures with deep suspicion. Specifically, interna-

tional cooperation should prevent the hijacking of border measures by unilateral

interests (Droege et al. 2009) and seek “to limit and possibly harmonize their use to

a narrowly defined and therefore more widely acceptable scale and scope” (Neuhoff

and Ismer 2008, 3). In that way, the goodwill of developing countries for the

negotiations of a wider climate deal should be maintained and “unnecessary trade

wars” avoided (Droege et al. 2009, 64). All these proposals to listen to the opinion

of affected countries or—even better—to negotiate with them the measures to be

implemented are sometimes subsumed under the criterion of “procedural fairness.”

In addition to these political arguments for international cooperation, for certain

forms of border adjustments there are also legal requirements to seek international

consultations: for example, any use of trade rule exemptions under Article XX of

the GATT requires prior negotiations. For the inclusion of indirect emissions like

those from electricity generation an international agreement might also seem

advisable, as the legal status of an adjustment for indirect emissions is unclear

(Droege et al. 2009).

Neuhoff and Ismer (2008) recommend that cooperation be sought in the form an

international convention, which could determine which form of border adjustment

is allowed: the convention could, for example, draw up a list of products for which

adjustments are possible, it could decide whether the adjustments should only apply

to imports or also to exports, or how the carbon content of the goods in question is

determined: if it is based on a benchmark like BAT, then, for example, one would

need to establish how BAT is to be defined. In addition, agreement should be

reached about how to compare different forms of climate policies in different
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countries, and about the circumstances under which a country would qualify for

exemption from the border measures.

Neuhoff and Ismer (2008) apparently prefer that this international coordination

involve a formal rather than an informal approach. Formal coordination could be

accomplished by signing a separate agreement on border carbon adjustment or by

using the WTO or the UNFCCC framework. Informal coordination, on the other

hand, could result in agreeing on guidelines for border measures. Even though these

guidelines would not carry formal legal weight, Neuhoff and Ismer argue that they

might nonetheless be quite effective: a country that follows the guidelines might,

for example, have much better chances of having its border regime accepted by

the WTO.

In case a country decides to proceed with border adjustments even though it has

not gained international approval of its policy, Cosbey et al. (2012) recommend that

the country should still adhere to some rules of good governance: it should notify

trade partners of its plans at an early stage and should give them the possibility to

comment and discuss the planned regime. There should also be enough lead time to

allow exporting countries and firms to adjust their policies. Furthermore, all

calculations of, for example, carbon intensities or benchmarks should be transpar-

ent, and exporting firms or countries should also be able to appeal these

calculations.

10.2 Border Adjustment Design Proposals

In the following, four different detailed design options for border carbon adjust-

ments will be reviewed: proposals by Ismer and Neuhoff (2007; 2009), Monjon and

Quirion (2010), Cosbey et al. (2012), and Gros et al. (2010). All four of them

attempt to balance—more or less—the different criteria listed in the first paragraphs

of this chapter: conformity with WTO law, practical feasibility, and political

acceptability. As concerns the objective of the border measures, the authors of all

four proposals see them above all as an instrument for improving the environmental

effectiveness of the policy—and not for addressing concerns of the domestic

industry about a loss of competitiveness or for applying political pressure to

countries that have not signed international climate treaties. Cosbey et al. (2012)

explicitly state that the prevention of leakage is the only motivation they recom-

mend using as a justification for border adjustments, as it is ultimately an environ-

mental motivation.
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10.2.1 The Proposal of Ismer and Neuhoff

Ismer and Neuhoff (2007, 237) argue that border adjustments can be both “feasible

and compatible with World Trade Organization (WTO) constraints.” The main

points of their proposal are as follows:

– Border adjustments should be applied to both imports and exports.

– They should include all products—however, not according to the “true” carbon

content of the product.

– Instead, the quantities of basic materials utilized in the production of each

product should be identified. Ismer and Neuhoff suggest that producers should

be obliged to specify these quantities just like food producers in many countries

are obliged to specify the ingredients of food products such as fat, protein, or

sugar. The border tax or rebate should be calculated by multiplying the quanti-

ties of these basic materials by emission coefficients determined for each of

these basic materials and then adding up the resulting products.

– The emission coefficients should be based on the best available technology

(BAT) on a global scale. To qualify as BAT, a technology should be commer-

cialized and already be employed with a certain market share.

– In this way, one BAT for each class of basic materials should be determined; if

different production processes are available to produce this material, these

differences should be disregarded—only the least carbon-intensive process

qualifies as BAT.

– Electric energy input should be treated differently than other inputs: the tax or

rebate should match the electricity price change that is caused by carbon pricing

in the policy region (it is thus determined by the CO2 intensity of the marginal

generation technology).

Ismer and Neuhoff motivate their choice of exactly this design with the follow-

ing arguments: In practice it is not possible to exactly determine the carbon content

of each and every product—therefore, one has to use a “proxy” such as the carbon

content of basic materials embedded in the examined product. As the production of

basic materials is usually the most carbon-intensive part of the whole production

process, in this way a large share of the “truly” embedded carbon will be accounted

for. Assessing the carbon content of basic materials according to BAT, of course,

typically underestimates the “true” carbon content; still, as Ismer and Neuhoff

argue, only by using BAT can the non-discrimination rules of the GATT be

fulfilled—and thus conflicts with international trade law will be avoided. Relying

on product-specific rather than process-specific border adjustments serves the

following purpose: For imports, in this way cost-intensive monitoring of foreign

production processes and also problems with WTO law can be avoided; for exports,

on the other hand, one can avoid creating unwanted incentives: if export rebates

were based on process-specific carbon coefficients, products produced by “dirty”

processes would be rerouted into exports as they receive higher export rebates and

the incentive to switch to a “clean” production process would be lost. Finally,
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concerning the input of electricity, basing the border adjustment on BAT would

result in a zero adjustment, as renewable energy can be produced with (almost) zero

emissions. Thus, if an adjustment for emissions from electricity is desired, a

different calculation method has to be chosen.

10.2.2 The Proposal of Monjon and Quirion

In contrast to Ismer and Neuhoff (2007; 2009), Monjon and Quirion (2010) do not

present a general design proposal for border carbon adjustments, but one tailored

specifically to the EU ETS. Monjon and Quirion (2010, 5205) “find no reason to

conclude that [such adjustments] would be unmanageable.” Their detailed proposal

is as follows:

– An adjustment for imports and exports is more efficient, but one limited to

imports “may be seen as satisfactory” (Monjon and Quirion 2010, 5202).

– Only basic materials need to be included, but not consumer products.

– The adjustment both for imports and exports should be based on BAT (to be

more specific: on the product specific benchmarks the European Commission

has elaborated for the sectors that receive free emissions allowances)

– If indirect emissions (from electricity generation) are included, the adjustment

could be based either on the national average emissions in electricity production

of the exporting country or on the marginal emissions factor from the exporting

country (this is a method employed for many CDM projects).

– The adjustment should not take the form of a tax or a monetary rebate, but of a

requirement to surrender emissions allowances for imports and of a rebate on the

amount of allowances a domestic emitter has to surrender for exports. Also, the

obligation for imports should apply immediately when the imported product is

registered at the border, not 4 months after the end of the year as for domestic

emitters.

There are many elements in the proposal of Monjon and Quirion that try to keep

the design simple and easily manageable, for example the idea to use BAT

benchmarks that are already currently calculated by the EU, or the limitation of

the border adjustments to a small number of basic products. As concerns setting the

benchmarks according to BAT rather than average or actual emissions of the

product examined, Monjon and Quirion (2010) argue that information on actual

emissions or on average emissions in the exporting country is typically not easily

available. One however needs an emission measure that is simple to calculate, and

the benchmarks the European Commission defines for the EU ETS might be an

ideal choice. These benchmarks only cover direct emissions—thus, if the aim is to

also include indirect emissions, a different method of calculation for indirect

emissions must be devised. On the question of effectiveness of basing the adjust-

ments on BAT, Monjon and Quirion cite a study of the world cement industry by

Demailly and Quirion (2008). This study finds that, even though in the cement
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industry the emissions of production with BAT amount to only 80 % of average

emissions, border adjustments based on BAT are almost as successful in preventing

leakage as border adjustments based on actual technology. From this result, Monjon

and Quirion conclude that an approach using BAT should suffice. Also, citing their

own sectoral leakage study (Monjon and Quirion 2009), the authors argue that the

overall leakage ratio of the sectors cement, steel, and aluminum taken together will

become almost nil with a border adjustment that is applied to imports only—for the

EU as a whole thus a border adjustment without an export rebate “may be seen as

satisfactory” (Monjon and Quirion 2010, 5202) if the introduction of export rebates

causes legal problems. For certain sectors as for example the steel sector, exports

from the EU are however usually higher than imports—thus for these sectors

“having the full [border tax adjustment] would be important.”

The other simplification—applying the adjustments to basic commodities

only—is motivated as follows: According to Monjon and Quirion, there are only

few products for which the risk of carbon leakage is really high. The authors argue

that by limiting the adjustments to just these products, the EU could not only lessen

the administrative burden, but also clearly indicate that the aim of the adjustments is

indeed an improvement in environmental effectiveness—and it could also confine

industry lobbying to just a few sectors. Monjon and Quirion also discuss whether

limiting the adjustments to basic commodities would shift carbon leakage to

downstream products. For example, taxing imports of steel at the EU border, but

not of cars, might incentivize producers to shift car manufacturing outside the EU

and then import the cars to the EU. Houser et al. (2008) and Weber and Peters

(2009) note that, for example, the U.S. imports more steel embedded in final goods

than in the form of basic steel products. Monjon and Quirion, however, argue that

these figures do not per se imply that leakage will be shifted to final goods. Citing

calculations by the French Energy and Environment Agency (ADEME 2007), the

authors ascertain that at a CO2 price of 30–50 euros the emissions embodied in a car

amount to no more than 48–80 euros—which is negligible compared to the price of

a car. For most final products, the extra cost due to the carbon import tariff is

similarly small compared to the total cost of the product; therefore, Monjon and

Quirion argue, carbon pricing and carbon border adjustments targeting basic com-

modities cannot be expected to cause a substantial diversion of trade in final

products or carbon leakage via such an effect.

Finally, Monjon and Quirion recommend allowance-based rather than tax-based

border adjustments. The motivation is to ensure greater similarity in the treatment

of European and non-European firms. The allowances should, however, be handed

in immediately when a product is registered at the border—in this way, the authors

argue, fraud can be avoided. However, Monjon and Quirion do not elaborate on the

question whether the allowances for imports should be drawn from the same pool as

the allowances for domestic production, or whether there should be additional

“import allowances.” As Neuhoff and Ismer (2008) point out, if importers obtain

their allowances from the same pool and thereby reduce the number of allowances

available for domestic producers, the “production cap” of the system is effectively

transformed into a “consumption cap.”
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10.2.3 The Proposal of Cosbey et al.

More recently, also Cosbey et al. (2012) have elaborated a proposal for the design

of border carbon adjustments (BCA). This proposal does not refer to any specific

country; it is kept in general terms. Compared to Ismer and Neuhoff (2007, 2009)

and Monjon and Quirion (2010), the authors are more cautious about the possible

benefits of border adjustments: they state that border adjustments are “at best a fall-

back measure in the event of collective failure at the international level to define

appropriate levels of national action. At worst BCA can be a coercive, divisive and

highly imperfect policy tool with serious methodological challenges” (Cosbey

et al. 2012, 3). The main points of the proposal are as follows:

– Adjustments for imports, but not for exports.

– Rather narrow coverage of sectors: to qualify, a sector must be both GHG-

intensive and trade-intensive (these criteria are fulfilled only by some basic

commodities sectors, but not by consumer goods sectors).

– Only direct emissions plus indirect emissions from electricity production should

be included.

– The adjustment for direct emissions should be based on the average emissions

intensity of the country introducing the border measures. Additionally, pro-

ducers should be given the option to prove that they produce with a lower

emissions intensity.

– The adjustments should, in general, be product-specific. Process-specific adjust-

ments are called for in only a few cases.

– Indirect emissions stemming from electricity production should, however, be

adjusted based on the average emissions intensity in the electricity production of

the exporting country.

– Exemptions from the border measures should be granted to countries adhering to

a multilateral climate agreement to which the implementing state is also party

and to least-developed countries (LDCs) and low-income countries (LICs).

Exemptions or rate reductions should also be granted to countries (and sectors)

following an effective national (price-based) climate policy.

– The revenues from the import adjustments should either be directly refunded to

the exporting country or used to subsidize clean technology transfer, contributed

to internationally administered climate funds, or used in other ways that benefit

developing countries.

The proposal does not include export rebates because the authors on the one

hand consider them vulnerable to legal challenges; on the other hand, a border

adjustment system that grants exemptions could easily be circumvented if it also

applies export rebates. The problem is the following: Say a trade partner who is not

a member of the climate coalition has introduced a comparable cap-and-trade

system; clearly, trade with this country should be granted an exemption from

both the import tariff and the export rebate. But any country-specific exemption

referring to exports can be bypassed: Domestic exporters who want to claim the
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export rebate can export their products first to a third country and then have them

sold on to the country to which the exemption applies. Cosbey et al. argue that there

is no feasible way to avoid such an outcome.

The decision of Cosbey et al. to recommend a rather narrow coverage of sectors

is based on the following arguments: while a broad coverage would probably be

somewhat more effective in preventing leakage, one also has to weigh the benefits

of including additional sectors against the administrative costs. Also, including

sectors with comparatively low risk of leakage might lead to conflicts with trade

law, as other countries may claim that the border adjustment in these sectors is not

motivated by environmental objectives. Additionally, including manufactured

goods or other goods that have long and complex supply chains might make the

border adjustment system vulnerable to trans-shipment that aims to escape the

border measures. Such problems with trans-shipment can occur if a system of

border measures has exemptions or rate reductions for certain countries—then

there is always an incentive to route a product through an exempt country along

its supply chain to avoid paying the border tax, even if hardly any value is added to

the product in the exempt country. For basic commodities, in contrast, it is usually

easy to determine the country of origin. Like Monjon and Quirion (2010), also

Cosbey et al. (2012, 13) emphasize that “even if only the high-emitting highly

traded sectors are covered (there are relatively few of them), the regime will deliver

almost all of its potential benefits in terms of reducing leakage.”

Another question with regard to the proposed border adjustment system is how

to assess the carbon content of the taxed products. In contrast to Ismer and Neuhoff

(2007) and Monjon and Quirion (2010), Cosbey et al. (2012) do not recommend

using BAT to assess direct emissions, but suggest basing the benchmarks on the

average emissions intensity in the country that implements the border measures

(note: not the country targeted by the measures!). They acknowledge that a BAT

benchmark would be the least likely to be successfully challenged under WTO law,

but it would also be the least effective at preventing leakage. Using the average

emissions intensity in the exporting country or even the emissions intensity from

“worst practice” as a benchmark, on the other hand, would be more effective, but

would also involve a higher risk of violating trade law and of being circumvented

by “creative” trans-shipment. A “worst practice” benchmark, Cosbey et al. state,

might, due to the high level of adjustment charges involved, also run counter the

spirit of CBDR. Thus, every option involves trade-offs. Cosbey et al. regard setting

the benchmark for direct emissions at the average emissions intensity of the country

implementing the border measures as a reasonable compromise between the dif-

ferent objectives mentioned. They argue that direct emissions tend to be roughly

similar for energy-intensive and trade-exposed sectors globally and that therefore

they are amenable to applying one international standard regardless of the country

of production: also with such a uniform standard they would still offer strong

protection against leakage. Note that this claim contradicts the findings of

Bednar-Friedl et al. (2012; see Sect. 5.2.2 a discussion), who point out huge

international differences in process emissions.
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Furthermore, Cosbey et al. argue, that, as a general rule, benchmarks should be

product-specific, and not process-specific. Process-specific benchmarks have dis-

advantages such as setting wrong incentives and potentially violating trade law

(these were discussed above). For certain products like steel, however, the appli-

cation of multiple benchmarks seems nonetheless warranted: steel can be made

from iron ore using a process relying on a blast furnace, or from scrap steel using an

electric arc furnace. Emissions of the second process are far lower than those of the

first one; its use is however limited by the availability of scrap steel. Cosbey

et al. argue that therefore a separate benchmark should be set for steel produced

by blast furnaces.

In addition to applying a benchmark for direct emissions, Cosbey et al. also

suggest giving producers the possibility to provide third-party verified data on the

carbon intensity of their production. If they can prove in this way that their

production is “cleaner” than the one that defines the benchmark, their import border

adjustment should be reduced accordingly. This, the authors argue, would provide

producers with the incentives to improve their production processes, and it would

increase the likelihood that the scheme conforms to WTO law. Still, for firms

producing at above-benchmark GHG intensities, there is no incentive to improve

their performance.

For indirect emissions that stem from energy production (mostly electricity

production), Cosbey et al. suggest employing a different benchmark: the average

emissions intensity from the exporting country. The reason is that in electricity

production huge differences exist between individual countries in their national

energy-mix and therefore their national GHG intensity. For these emissions, it is

therefore important to apply a country-specific standard that improves the effec-

tiveness against leakage and sets the right incentives. Still, Cosbey et al. (2012, 16)

conclude that such a hybrid system of different benchmarks for direct and indirect

emissions “would still face GATT MFN problems, but, other things being equal,

would probably be more defensible than a pure exporting country benchmark.”

Finally, indirect emissions that do not stem from energy production, i.e. emissions

embodied in other inputs to production, should not be covered by border adjust-

ments, Cosbey et al. argue: calculations would be too complex, and furthermore,

these emissions do not amount to a significant share of total emissions.

As concerns the exemptions and tariff rate reductions listed above, these are

motivated either by the objective of environmental effectiveness: countries that

apply a comparable cap-and-trade system, should not be “punished” by having their

exports taxed twice—once in the country itself and a second time at the border. Or

they are motivated by the UNFCCC principle of CBDR—this for example applies

to the exemptions for LDCs and LICs. Neuhoff and Ismer (2008, 5) remark,

however, that “such exemptions risk pollution havens that are unlikely to benefit

any party.” They recommend instead supporting developing countries in other

ways. The proposal of Cosbey et al. (2012) actually also envisions such other

forms of support: the revenues from the import tariff should be used in a way that

benefits developing countries. Additionally, channeling the tariff proceeds to

developing countries also prevents the implementing countries from manipulating
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the terms of the border adjustments in order to improve domestic welfare, and it

increases the likelihood that the measures will be accepted by the WTO, as it

demonstrates that they have been introduced for environmental reasons.

10.2.4 The Proposal of Gros et al.

The fourth design proposal for border carbon adjustment discussed here, the one by

Gros et al. (2010), differs fundamentally from the three schemes just reviewed—it

is the only proposal that suggests including all imports and basing the border

measures on the “true” carbon content of the product in question, and not on

some benchmark. In detail, Gros et al. suggest the following border adjustment

system to supplement the EU ETS:

– The adjustments (in form of a tax) should be applied to imports, but not to

exports.

– All imports should be included—not just imports from carbon-intensive sectors.

– The border tax should be based on the carbon content of the import. The relevant

figures can either be determined by the importer (using internationally accepted

methodologies), or can be established by the authorities of the country introduc-

ing the border measures using an international standard such as ISO 14067.

– The tax rate should be set equal to the difference of the EU price of carbon and

the foreign price of carbon.

– Revenues from the tax should feed a fund that will ease the transition of energy-

intensive industries and invest in new technologies.

The decision not to rebate exports is motivated by the objective to make the

whole scheme WTO-compliant. Gros et al. argue that excluding exports makes the

border measure less protectionist, increasing the chances that the measures are

compatible with world trade law.

Another central point is that all imports—and not just those from carbon-

intensive sectors—are included in the scheme. The authors regard this point as

crucial: if, for example, only the imports from ETS-covered sectors were taxed at

the border, “the efficiency of the carbon border tax would be reduced dramatically

in terms of its impact on global welfare,” Gros et al. state (2010, 49). The reason,

they argue, is that carbon pricing in ETS sectors raises not only the prices of

commodities from these sectors, but also the prices of all goods that use commod-

ities from ETS sectors as inputs.

In a similar vein, Gros et al. contend that basing the border adjustments on the

“true” carbon content of a product, and not on some benchmark, is also critical for

the efficiency of the border scheme. That means that the adjustments are “process-

specific” instead of “product-specific”, i.e. “like” products in the sense of GATT

Article III are treated differently, which is prohibited by the GATT (see Sect. 3.2 for

details). In order to ensure that the border measures nonetheless comply with WTO

law, GATT Article XX, the “general exception clause,” has to be invoked. This in
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turn requires proof that the policy does in fact help to achieve an environmental

objective. But that, Gros et al. (2010) argue, can be unambiguously proved—Gros

(2009) and Gros and Egenhofer (2011) show in a simple one-sector partial equi-

librium model that augmenting a system of domestic carbon taxation with a tariff on

the carbon content of imported goods increases global welfare and lowers global

emissions (see Sect. 4.1 for a discussion of this model).

A question of practical relevance is how the carbon content of manufactured

products that have passed through a long international value added chain should be

assessed. Gros et al. suggest that either the importer could provide information on

the carbon footprint of the imported good—in that case she would have to employ a

internationally accepted methodology. Or, alternatively, the EU could establish the

carbon content of the good in question—also using some globally accepted stan-

dard. The authors suggest employing for example ISO 14067, an international

standard for determining the carbon footprint of a product. Gros et al. (2010, 56)

remark that “although calculating the carbon content of thousands of products from

several different countries may seem a daunting job, one could argue that it should

be no more complicated than, for example, obtaining a CE marking1 to enter the EU

market.”

As concerns the use of the tax revenues, Gros et al. suggest that they should feed

a fund that finances climate-related industry restructuring and research. It is,

however, not clear whether this proposal refers only to projects in non-abating

countries or to such projects in general.

10.2.5 Relying on Benchmarks and Taxing Only Basic
Commodities

To conclude this comparison of detailed design proposals for border adjustment

systems, a few common points shall be highlighted: there seems to be a majority

opinion that, as Droege et al. (2009, 64) put it, “a general adjustment for all imports

from regions outside a carbon pricing zone, based on the carbon footprint, is neither

manageable nor useful as final goods often carry a large source of inputs for which

carbon emissions could not be traced back.” Rather, the adjustments should con-

centrate on just a few sectors and be based on benchmarks. Only Gros et al. (2010)

disagree: they stress that in that way much of the efficiency and incentive effects of

the border scheme would be lost. Still, it is not clear whether the scheme of Gros

et al. with its complicated embedded carbon assessments can indeed practically be

implemented. Furthermore, taxing imports at their true carbon content would imply

substantial tax rates—for example, Gros et al. calculate that for imports from China,

the average border tax would amount to 8–9 % of the value of the products at a

1 The CE marking certifies that a product has met EU consumer safety, health, and environmental

requirements.
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carbon price of 25–30 euros. However, a tax of this size would most likely trigger

retaliatory measures by China.
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Chapter 11

Consumption-Based Climate Policy
in Practice: Abatement Potentials Difficult
to Exploit

Abstract Based on the results of the literature review and the model-based anal-

ysis, this chapter develops proposals for the practical design of consumption-based

approaches in international climate policy. First, a number of criteria are proposed

that a unilateral consumption-orientated policy should meet: it should promote

environmental effectiveness or cost-effectiveness, should not impose additional

economic burdens on developing and emerging economies, should be perceived

as fair, should stand a chance of conforming to WTO rules, and its implementation

should be practicable. From these criteria recommendations for practical policy

design are deduced: border tax revenues should be allocated to developing and

emerging economies; “green” technology transfer to this group of countries should

be fostered; the application of export rebates in addition to import tariffs is an

option, but it does not have large effects on policy effectiveness; and the adoption of

“green” technologies by developing and emerging economies should be incentiv-

ized. This chapter argues that the last of these recommendations is extremely

important for the environmental effectiveness of the policy; this recommendation

will however be difficult to implement if the policy—as typically recommended for

reasons of practicability—is based on carbon benchmarks or if at least a certain

measure of cooperation by the countries affected by the policy cannot be

guaranteed.

As stated repeatedly throughout this study, there are apparently convincing argu-

ments supporting the view that, by switching to a consumption-orientation, indus-

trialized countries can improve the effectiveness of unilateral climate policy. With

current worldwide production and trade patterns, a consumption-based policy

would include a larger share of global emissions than a production-based one; it

would bring part of the industry of developing and emerging economies into the

scope of the policy—sectors which should offer abatement options that are cheaper

than those in industrialized countries; and finally, a consumption-based policy

would avoid (or at least: reduce) leakage through the competitiveness channel

and probably enhance the spread of “green” technology in developing and emerg-

ing economies, thereby perhaps even creating “negative” leakage. The analytical

part of this study has, however, shown that these arguments do not apply in all

circumstances and that additionally great care has to be devoted to the detailed
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design of the policy instrument—as otherwise a switch of the policy-base might

well achieve results that are the very opposite of the original intentions.

Drawing on the results of the analytical chapters of this study, on findings of the

quantitative border adjustment literature, and on arguments from the discussion of

the policy design proposals reviewed in Chap. 10, this chapter aims to answer the

following question: under which circumstances, not only in the idealized setting of

an analytical model, but also under real-world circumstances, will a consumption-

based approach increase the global environmental effectiveness (and the cost-

effectiveness) of a unilateral climate policy pursued by (a group of) industrialized

countries, and how must the policy instrument be designed to achieve that objec-

tive? We start by defining in more detail the aims the policy should pursue.

11.1 Criteria for Assessing Policy Variants

This study has concentrated primarily on environmental effectiveness and cost-

effectiveness. The discussion of the previous chapter has however shown that a

policy, in order to stand a chance of being actually implemented in a “real-world”

situation, must fulfill several more requirements. Accordingly, the policy proposals

to be developed in this chapter should meet the following criteria: they should
promote environmental effectiveness (or—if quantifiable—even better: cost-
effectiveness), should not impose more economic burdens on emerging and devel-
oping countries than the current international climate policy regime, should be
perceived as fair, should stand a reasonable chance of conforming to WTO rules,
and their implementation should be practicable.

This study has not attempted a detailed discussion of justice criteria. Instead we

rely on the widely accepted UNFCCC criterion of “common but differentiated

responsibilities and respective capabilities” and additionally assume that currently

industrialized countries bear a smaller burden than required by this principle (the

rationale for this approach is given in the last two paragraphs of Sect. 6.4). This

motivates the requirement that the policy should not increase the burdens on

developing and emerging economies. The additional criterion of “perceived fair-

ness” has been briefly discussed in the introductory paragraphs of Chap. 10—

simply put, it requires that the policy to be introduced not only conforms to some

abstract justice criteria, but is also perceived as being “fair” by the politicians and

the general public of the affected countries. Here, the criterion of “perceived

fairness” is assumed to also include “procedural fairness” (see Sect. 10.1.5),

i.e. “fairness” is determined not only by the policy as such, but also by the way it

is implemented. WTO rules applying to border adjustments have been discussed in

Sect. 3.2; and the practicability of various schemes of border measures was inter
alia the topic of Sect. 10.2.

Note that “preserving competitiveness” is not listed as a criterion. This is

because the WTO accepts only environmental criteria as motivation for the intro-

duction of border measures (see Sect. 3.2) and it is hard to find a moral justification
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for promoting the competitiveness of one group of countries at the expense of

others. Thus, basing a policy on the argument that it “preserves competiveness” will

in all likelihood not meet the criterion of “perceived fairness.” Note, however, that a

consumption-based policy—and also an “income-tax-only” policy—promotes the

competitiveness of the abating coalition. Thus, even if the switch of the policy base

is not motivated by it, its effect on competitiveness may be regarded as a welcome

positive “side-effect.”

From the criteria listed above it is possible to immediately deduce two require-

ments that the climate policy design should fulfill: First, it should not lead to a

reduction of the income (or: of the welfare) of developing and emerging economies

as compared to a production-based policy. This follows from the “justice criterion”

of not imposing additional burdens on this group of countries. It is, however, also a

requirement called for by economic arguments in order to guarantee that the

measures introduced do indeed promote the environmental effectiveness of the

policy: as argued in Sect. 9.4, if a loss of income of developing and emerging

economies triggers import substitution in these countries, the environmental effect

of the policy may in fact be an increase of global emissions, rather than a reduction,

but. Where it is not possible to reformulate the policy design such that it does not

cause income losses of developing countries, these losses may also be compensated

by direct payments to this group of countries.

The argument on income losses immediately brings us to the second requirement

regarding policy design that follows from the criteria listed above: as explained in

Chaps. 7 and 8, in every economic sector there exist (at least) two ways to reduce

emissions: either reducing the output of the sector, or altering the production

technology so as to lessen the emissions per unit of output. But as the reduction

of output leads to a reduction of income, for the imports from developing and

emerging economies this method of abatement should be avoided as far as possible,

as it may lead to import substitution, which—as discussed above—may have

negative effects on the environment. Thus the aim of the policy should not be to
curb the exports of developing and emerging economies, but to “green” them. This
however requires that this group of countries (i) possesses the necessary production

technologies and that (ii) the policy is designed such that it incentivizes a switch to a

“green” production technology. These two points will be taken up in Sect. 11.3.

11.2 Conditions Favoring the Effectiveness
of Consumption-Based Approaches

The discussion of Chaps. 8 and 9 has shown that a switch to a consumption-based

policy should—on environmental grounds—be a promising option if the abating

coalition meets the following criteria: the coalition is small relative to the world

economy and it produces with a markedly lower carbon intensity than its trade

partners; available technological abatement options in domestic production have
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already been largely implemented and additional abatement in domestic production

seems difficult (in terms of the model of Chaps. 7–9: the elasticity of input

substitution in Home is small); the demand for the coalition’s exports is not very
price sensitive—therefore taxing these exports will not trigger a large reduction of

emissions; but on the other hand demand in non-abating countries for their domestic

production is highly sensitive to cross-price effects and a taxation of the exports of

the abating coalition would therefore cause carbon leakage. The demand of the

abating coalition for imports, in contrast, is price-sensitive and a tax on imports

would therefore have a powerful effect on global emissions.

However, this characterization of “the ideal candidate” country (or group of

countries) for a switch to a consumption-based policy must be qualified: as we have

seen in Chap. 9, even though a policy switch is more attractive for small abating

coalitions at first sight, such small coalitions run the risk that countries whose

exports are taxed simply avoid the tax (and thus also the environmental effects of

the tax) by redirecting trade flows. Additionally, also a large effect of the tax on the

amount of imports from non-abating countries is favorable for the environment

only at first sight—if it triggers import substitution in the non-abating countries, it

may, as described in the previous section, actually have a detrimental effect on the

environment. These arguments demonstrate that the design of a consumption-based

policy that actually achieves its intended aims is no simple task. In the following,

four policy design features will be discussed that should help to accomplish

that goal.

11.3 Designing an Effective and Just Consumption-Based
Policy1

11.3.1 The Use of Tax Revenues

The revenues of the tax on imports of the abating countries should be allocated to
non-abating countries, i.e. to developing and emerging economies.—This policy

design recommendation is motivated by the following arguments:

– Justice: the costs of the policy for developing and emerging economies are

reduced as compared to the “standard” option, where the countries that levy

the tax also receive the tax revenues.

– Environmental effectiveness: the environmentally detrimental feed-back of

income losses of developing and emerging economies caused by import substi-

tution is avoided (see Sect. 11.1).

1 The first three of the following four “climate policy design recommendations” have first been

discussed in a similar form in Steininger et al. (2014).
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– Compatibility with WTO rules: distributing tax revenues to non-abating coun-

tries may be seen as proof that the policy measure genuinely pursues environ-

mental objectives, and not the aim to lower the costs of abatement incurred by

abating countries.

Allocating the revenues of the import tax to non-abating countries clearly

increases their welfare as opposed to an option where the abating countries receive

this revenue—however it is not necessarily the case that this measure fully reim-

burses non-abating countries for the cost of the policy. This is basically a question

of tax incidence, i.e. it depends on which share of the climate policy costs is borne

by developing and emerging countries. Different CGE studies give different

answers to this question: Springmann (2013)—see Sect. 10.1.4—finds that the

revenues of border measures will not suffice to compensate developing and emerg-

ing countries for the welfare losses caused by the introduction of the measures.

Steininger et al. (2014)—using data from the EMF model comparison study

discussed in Sects. 5.2.3 and 5.2.4—on the other hand find that for a unilateral

climate policy of the EU the welfare costs of a production-based policy and a policy

with an import tariff, but no export rebate are virtually equal.

Note that if a policy also includes an export rebate, then this rebate is typically

funded out of the revenues from the import tariff. In that case, the funds that can be

distributed to developing and emerging economies are therefore less than under a

policy with only an import tariff. On the other hand, granting an export rebate

directly increases the welfare of non-abating countries.

To summarize, the proposal to channel tariff proceeds to developing and emerg-

ing economies should aim to avoid welfare losses of this group of countries due to

the switch of the policy base—there is, however, no guarantee that this measure

suffices to fully reimburse these countries for the cost of the policy. Here additional

reimbursement payments are an option—it is however unclear whether there is the

political will in industrialized countries to finance such payments.

Additionally, the way in which the revenues from the import tariff are disbursed

to developing and emerging economies must be decided: should they be handed

directly to the governments of these countries, or be spent on mitigation projects in

these countries and technology transfer to them, or should they be channeled

through internationally administered climate funds. Although the last two options

give industrialized countries more control over the use of the funds and will

therefore probably be favored by these countries, note that, in the eyes of develop-

ing and emerging economies, spending the funds on abatement projects may not

qualify as a compensation for the costs of the policy—and, depending on how

exactly the funds are allocated, may also fail to avoid the environmentally detri-

mental feedbacks due to import substitution in developing and emerging econo-

mies. As an alternative to imposing import tariffs and then returning the revenues

from these tariffs to developing countries, the introduction of an export tax by these

countries may be agreed upon (see Sect. 10.1.3). In that case, developing and

emerging economies maintain the full control over the tax revenues.
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11.3.2 Technology Transfer

The transfer of “green” technology to developing and emerging economies should
be fostered.—This policy design recommendation serves the following aims:

– To enhance environmental effectiveness by enhancing possibilities for cheap

mitigation in developing and emerging economies: Many of these economies

cannot be expected to have access to advanced “green” technologies. Thus the

often cited “low-cost abatement opportunities in developing countries” might be

only be exploitable by industrialized countries investing in developing countries,

e.g. through mechanisms like the Kyoto Protocol’s CDM. But for developing

countries themselves such opportunities may not exist. This, however, can be

changed by transferring the required technologies to these countries. Note also

that, if developing and emerging economies cannot react to an emission tax on

their exports by changing their production technology (and thus alleviating the

tax burden), then the tax will fully feed into the prices of their exports causing a

reduction in demand for these products and thus also a reduction of the income

of developing and emerging economies—which leads to the effects already

discussed in the previous subsection. Therefore technology transfer also helps:

– To avoid the environmentally detrimental feed-back of income losses due to

import substitution by developing and emerging economies; and:

– To promote justice—by avoiding income losses in developing and emerging

economies and by transferring additional income in the form of patents on

“green” technology to these countries.

– To boost the technology spillover leakage channel: the introduction of “green”

technology in the export sectors of developing and emerging economies enables

a spillover of this technology to the sectors in these economies producing for the

home market, thereby bringing about “negative leakage,” i.e. an additional

reduction of global emissions.

– To lower the risk of the measures’ WTO compatibility being challenged:

Technology transfer is a form of income transfer to developing and emerging

economies. It can thus be seen as a proof of the “good will” of the countries

implementing the policy not to discriminate against the countries affected by the

policy.

Summarizing, technology transfer contributes both to the environmental effective-

ness (and cost-effectiveness) of a consumption-based policy and to justice in burden

sharing.

11.3.3 No Export Rebate?

The introduction of an export rebate can be regarded as optional. With current
production, emission, and trade patterns most effects of a consumption-based
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policy stem from the import tariff. Actually, there are a number of arguments that

favor a policy without an export rebate (an “import-tax-only” policy) over the

variant with the rebate. The reasons are the following:

– The share of global emissions covered is larger than under a “pure” production-

or consumption-based policy. For a given carbon price, therefore the global

emissions reduction is larger than for the two “pure” policy variants (this

statement only holds with some qualifications—see Sects. 8.6.1 and 8.7.1).

This promotes the environmental effectiveness of the policy.

– Cost effectiveness: in the model used in this study the “import tax-only” policy is

also the most cost-effective variant. However, this result does not hold in general

(see the discussion in Sect. 8.7.1): Steininger et al. (2014)—using the data of the

EMF model comparison study discussed in Sects. 5.2.3 and 5.2.4—for example

find that for a unilateral climate policy of the European Union granting a rebate

on exports improves the cost-effectiveness of the policy. The difference is

however “negligible,” the authors state. Thus, even though cost-effectiveness

cannot in all circumstances be used as an argument for adopting an “import-tax-

only” policy, it is still not a strong argument against the adoption of this policy

variant.

– A policy without an export rebate stands a greater chance of being compatible

with WTO regulations (see Sect. 3.2).

– It also furthers “perceived justice”: Industrialized countries do not ask measures

from developing and emerging economies (the taxation of exports) that they are

not prepared to implement themselves. By taxing the emissions of their exports

industrialized countries may actually be seen as taking on a “leadership role.”

– For political reasons, it might be the policy variant preferred by countries

affected, i.e. emerging and developing economies. The export rebate imposes

additional burdens on producers in these countries as they face increased com-

petition due to the reduced prices of the exports of industrialized countries. On

the other hand, the price reduction on exports from industrialized countries

benefits consumers in developing and emerging economies buying these

goods. In trade models of the Heckscher-Ohlin type the benefit to consumers

always dominates the costs to producers—overall, developing and emerging

economies thus benefit from the introduction of an export rebate and should

therefore actually favor it. And the criterion of “not imposing additional bur-

dens” on these countries also calls for the adoption of a policy including an

export rebate. Still, developing and emerging economies often oppose export

rebates—the reason probably being that producers in these countries are better

than consumers at making their voices heard in the political process.

The export industry of industrialized countries will, of course, argue for the

introduction of export rebates—but, as discussed above, “maintaining competitive-

ness” is not a criterion that will be used here to assess the desirability of a policy.
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11.3.4 Incentives to “Green” Production

The policy instrument should be designed such as to incentivize the adoption of low-
carbon production technologies by developing and emerging economies.—The

incentives of an environmental tax work the following way: if the economic

agent affected by the tax reacts in the way intended by the policy, her tax burden

is alleviated. Correctly set incentives should further:

– Justice: the income losses of developing and emerging economies caused by the

introduction of the policy are reduced if they are able to alleviate their tax burden

by “greening” their production technology.

– Environmental effectiveness: reduced income losses also avoid the negative

feed-back on environmental effectiveness due to import substitution (discussed

above). If the incentives are “right,” abatement in the export sector of developing

and emerging economies is achieved less by reducing the “scale” of production,

but rather by changing the “technique” of production.

Of course, incentives only have an effect if the producers affected by the tax can

indeed change the tax burden by changing their production technology. That

requires that the production technology—or the carbon content of the produced

goods—of each and every producer taxed is permanently assessed. In contrast, a

policy relying on benchmarks will not provide any incentives to “green” production

in developing and emerging economies.

11.4 Policy Implementation in the Short Run: Border
Adjustments

In Sect. 2.2.3 two schemes to undertake a switch to a consumption-based policy

orientation were introduced: border carbon adjustments and a “carbon-added”

system. Of these, realistically only border adjustments can be introduced within a

relatively short time-frame: as opposed to a “carbon-added” scheme, they do not

require creating a global system of emission monitoring, and they also do not

require a detailed international agreement on how the scheme will be

implemented—but, as we will see shortly, if the aim of the measures is to improve

environmental effectiveness, they, too, cannot be imposed without at least some

international cooperation.

An examination of the four design recommendations made in the previous

section shows that a switch to a consumption-based policy cannot be achieved

without (i) a strong political commitment by industrialized countries and without

(ii) the willingness of these countries to impose partly costly and controversial

measures upon their own industry and consumers also. Border adjustments are by

no means a “quick fix” to the problems that the introduction of a stringent climate

policy might cause to the domestic industry (as some politicians and industry
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representatives seem to hope—see Chap. 3)—at least if the border measures are

meant not only to further competitiveness, but also to improve the global environ-

mental effectiveness of the policy.

Let us examine the possible problems of implementing the four recommenda-

tions one by one: Returning the revenues from border taxes to developing and

emerging economies may not be popular in industrialized countries—nonetheless,

it might be one of the less controversial proposals. The governments of industrial-

ized countries will still be able to raise more funds than under a policy without

border adjustments: The adjustments typically replace the free allocation of emis-

sion permits to substantial parts of the domestic industry, thus permitting the

governments to obtain additional revenues from auctioning these permits. A prom-

ising alternative to the imposition of an import tariff might also be an agreement

with countries affected by the tariff on an export tax. Such a tax, introduced by

developing and emerging economies, achieves effects similar to an import tariff,

but might be more acceptable to these countries.

The next proposal, a large-scale transfer of technology to developing and

emerging economies, may be more difficult to implement: It affects patents held

by private companies—and these companies will most likely resist giving up patent

rights or will at least ask for compensation. Also, the availability of state-of-the-art

technology to emerging economies will immediately affect the relative competi-

tiveness between producers in these countries and those in industrialized nations.

Thus, even though it may not seem a very demanding proposal at first sight, the

transfer of “green” technology could actually prove to be one of the most contro-

versial parts of the whole scheme.

The third proposal, implementing border measures that consist only of an import

tariff, but do not include an export rebate, will of course be protested by the

domestic export industry. Especially if the export industry is protected by the free

allocation of emission permits prior to the introduction of border measures, the

switch to border measures without an export rebate will definitely be to

the disadvantage of this industry.

But the most complicated proposal as concerns its practical implementation may

be the fourth one: the design of a border adjustment scheme that provides incentives

to “green” production in developing and emerging economies. Of the four policy

designs discussed in Sect. 10.2 all except for the one from Gros et al. (2010) suggest

schemes that rely on benchmarks—and these, as discussed above, will not provide

incentives for a change of the production technology. Basically, we are faced with a

trade-off between the practicability of a scheme and its environmental effective-

ness: benchmark-based systems are easy to implement, but not very effective as

concerns emission reduction. This contention is substantiated by results from the

quantitative border tax literature: the EMF model comparison study discussed in

Sects. 5.2.3 and 5.2.4 finds that “the scope for global cost savings [by means of

border adjustments] is small” (Boehringer et al. 2012, S97); one of the reasons for

this finding given by the authors is exactly the use of benchmarks: “import tariffs

applied to the industry-average of embodied carbon do not incentivize polluters in

unregulated countries to adopt less emission-intensive production techniques”
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(Boehringer et al. 2012, S102). The alternative, determining the amount of embod-

ied carbon for each and every product that crosses the border, will set the desired

incentives, but on the other hand it may be prohibitively complicated, costly, and

time-consuming. Actually, with today’s long and complex value added chains,

which often extend through several countries, there is little hope that embodied

carbon can be established at the border without the help of the producer (or rather:

producers) of the product being assessed. The assertion of Gros et al. (2010) that

calculating the carbon content of products should not be too complicated appears

overly optimistic.

To nonetheless facilitate an assessment of the carbon content of goods “at the

border,” the classes of goods covered by the border measures may be limited to

primary products. For these, the supply chain is typically shorter, making it easier to

establish their carbon content. Covering only such products is exactly what is

recommended by many studies (see e.g. Droege et al. 2009; Monjon and Quirion

2010; Cosbey et al. 2012). As the discussion in Sect. 10.2 has shown, there is

however no unanimity in the literature on how effective such a scheme including

only primary products would be. Gros et al. (2010) argue that limiting the coverage

of products would dramatically reduce the efficiency of the border measures. Weber

and Peters (2009) estimate that in the U.S. the emissions embodied in primary

products such as steel, cement, or paper represent only a small share of the total of

emissions embodied in imports (27 % or less). Following these arguments, a border

tax that is “manageable” in terms of its administrative complexity will not achieve

much in terms of additional emission reduction. The opposite view is however held

by Monjon and Quirion (2010)—see Sect. 10.2.2: they contend that carbon pricing

for manufactured products would, in contrast to carbon pricing for primary com-

modities, only lead to a small increase in the cost of products targeted in percentage

terms. Such a small cost increase, they argue, would neither cause substantial trade

distortions nor large carbon leakages; thus, not including manufactured products in

a border adjustment scheme would not have a large effect on its effectiveness. To

summarize the discussion of this paragraph, views on the effectiveness of a border

tax scheme covering only primary products diverge. But, as such a scheme appears

to be the only option that can easily be implemented in the short run, we are left

with few alternatives. Still, it is not absolutely clear whether confining the border

adjustment to primary commodities will indeed solve the problems with the prac-

ticability of the scheme—it may well be the case that even with this limited set of

products it may not be possible to accurately establish their carbon content without

any help of the producers of theses goods.

A possible way out of this dilemma is proposed by Cosbey et al. (2012): the

combination of benchmarks with a possibility for producers to prove that they

produce with a lower carbon-intensity than assumed by the benchmark (and to have

the border tax on their products then calculated using this proven lower carbon-

intensity). Thus, the scheme of Cosbey et al. provides an incentive for producers to

themselves supply information on the carbon content of their products. But note

that this proposal also envisages border taxes only for primary commodities—with

manufactured goods the incentive to reveal the carbon content of goods actually
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may not work: such goods are typically produced using many intermediate products

as inputs and the manufacturer of the final product usually cannot accurately

establish the carbon content of these intermediate products.

A question of central importance for such a scheme is the level of the bench-

mark. Cosbey et al., as discussed in Sect. 10.2.3, suggest setting it (for direct

emissions) at the average carbon intensity of the country implementing the border

measures. If this country—as assumed in this study—employs a relatively “clean”

production technology, the incentive effect of the benchmark combined with the

possibility to prove better performance will however be limited: firms producing

with a carbon-intensity higher than the benchmark—under our assumptions the

majority of firms—will in most cases opt for having their products assessed

according to the benchmark rather than trying to perform even better than the

benchmark and subsequently having their tax dues reduced. Cosbey et al., however,

do not recommend the use of a higher benchmark as this might, they claim, be in

conflict with WTO rules and contradict the UNFCCC principle of CBDR. Their

proposal therefore may be a reasonable compromise if the aim of the border

measures is just to prevent carbon leakage (assumed by Cosbey et al. to be the

goal of the measures), which, as argued above, can be achieved by raising the price

and thus curbing demand for the exports of developing and emerging economies.

But the aim here is not to curb the demand for these exports, but rather to provide

incentives to “green” the production technology in emerging economies—and to

achieve this, benchmarks set at the carbon-intensity of the implementing country

may not suffice.

An alternative might be to use the emissions intensity from “worst practice” as a

benchmark—also combined with the possibility for producers to prove that they

perform better. That would provide an incentive for a greater number of producers

to “green” their production technology and then indeed present such proof. But as

this idea—as Cosbey et al. point out—is in conflict with GATT provisions,

implementing it would need the signing of an agreement between the countries

introducing the measures and those affected. Thus, some level of international

cooperation is required. And to induce developing and emerging economies to

accept such a scheme, industrialized countries most probably will have to be very

generous as concerns other details of the planned policy. Also note that for a firm it

is a costly procedure to supply the data to prove the emissions-intensity of its

production (and thereby get its tax dues reduced). For larger enterprises it may be

worthwhile to undergo that procedure, but for small- and medium-sized producers

the costs may be prohibitive. Thus, for these producers, the incentive to adopt low-

carbon production technology is again lost.

Let us finally discuss the effects of a tax scheme that does not reward producers

in developing and emerging economies for adopting a less carbon-intensive tech-

nology by lowering their tax dues (e.g. a benchmark-based scheme without any

provision to prove better performance). In that case, the tax will not have a

“technique effect,” but just a “composition” and a “scale effect” (see Sect. 4.2 for

a definition of these terms). The model employed in this study does not allow for an

analysis of the composition effect. But, in general, the composition effect of a
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border tax should lower global emissions: less carbon intensive sectors in develop-

ing and emerging economies will grow at the expense of more carbon intensive

sectors. Still, as close substitutes that are less carbon-intensive do not exist for all

carbon-intensive products, an abatement strategy that relies exclusively on the

composition effect has its limits.

As regards the scale effect, its negative consequences for the income of devel-

oping and emerging economies (and the possible feedbacks leading to an increase

in emissions—see Sect. 11.1) can, as discussed above, be avoided by channeling the

revenues of the border tax (and possibly additional funds) to these countries. More

precisely, to what extent negative feedbacks can be avoided and to what extent the

border tax actually contributes to emission reductions, will of course depend on

how exactly the revenues of the tax are spent in developing and emerging econo-

mies. As argued in Sect. 9.4, these revenues should be used to avoid import

substitution. Other possibilities of spending these proceeds that further enhance

the reduction of emissions may, however, exist: the tax revenues may, for example,

be directly used to finance mitigation projects—as in the study by Springmann

(2013) discussed in Sect. 10.1.4. Such a strategy could be combined with a transfer

of “green” technology from industrialized to developing and emerging economies.

Additionally, firms making use of such projects to “green” their production tech-

nology could be granted an exemption or a reduction of the border tax as an

additional incentive to take part in such a scheme. Again, however, some level of

cooperation between industrialized countries and developing and emerging econo-

mies will be required in order to implement such a complex strategy.

Finally, note that if producers are not able to reduce the burden imposed by the

border tax by adopting a less carbon-intensive production technology, this will

increase the incentives to avoid or circumvent the tax. As discussed in Sect. 9.4,

firms can, for example, reroute their exports to third countries. In that case, the

border tax would not contribute to global emission reduction. To sum up, if a border

adjustment policy does not help to “green” production in developing and emerging

economies—either by providing the “right” incentives or through a more complex

scheme involving the direct funding of abatement projects—its environmental

impact will be, at best, limited and at worst negative. A border tax scheme that is

environmentally not effective may nevertheless help to protect the competitiveness

of the industry of abating countries. From this discussion of border adjustment

design options that can be implemented in the short run we can therefore draw the

following conclusions:

– Border carbon adjustments introduced without any agreement with affected
countries may help to preserve the competitiveness of the industry in abating
countries. They will, however, typically only have a small effect on the global
environmental effectiveness or the cost-effectiveness of the abatement policy—
and at worst even a negative effect. The introduction of such adjustments on
environmental grounds can therefore not be recommended in general.—For

practicability reasons, border adjustments in such a situation will typically be

based on benchmarks for the carbon content of certain product classes.
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The problem with such a form of adjustments is that there is virtually no way to

design them such that they incentivize the adoption of a less polluting production

technology in developing and emerging economies. Thus their main impact will

be a reduction of imports from these countries—which is an undesirable effect

both for reasons of justice and on economic grounds. If such adjustments are

introduced to protect the competitiveness of the domestic industry, note that due

to their limited environmental effect it will be difficult to defend their WTO

compatibility. If, for political reasons, such a form of border adjustments is

nonetheless introduced, the scheme should at least provide for the distribution of

the tariff revenues to affected countries to minimize impacts that contradict the

principle of just burden sharing and that might have negative environmental

consequences.

– Cooperation with affected countries might allow the design of a border adjust-
ment scheme that improves the global environmental effectiveness and the cost-
effectiveness of a unilateral abatement policy. Still, if such cooperation is
possible, it should also be examined whether there are alternative policy
approaches that perform better in terms of environmental effectiveness.—The

aim in negotiations with affected countries should be to design a scheme that

provides incentives for producers in those countries to adopt a less carbon-

intensive production technology. One possibility is the introduction of a

“worst practice” benchmark combined with the possibility for producers to

prove that they perform better. Additionally, technology transfer and the dis-

bursement of tax revenues to non-abating countries should be agreed. Alterna-

tively, a simple benchmark could be combined with a scheme that channels

border tax revenues into abatement projects which affect the production tech-

nology in countries that are not part of the climate coalition. Again, the policy

would have to provide for technology transfer. Whichever of the two options is

chosen, for reasons of practicability the scheme will typically only cover pri-

mary commodities. Depending on demand and production parameters, such a

scheme may improve the environmental effectiveness and cost-effectiveness of

a unilateral abatement policy. Still, the suggested schemes are not “full border

adjustments” and therefore the effectiveness improvements that can be achieved

will typically fall short of what models would predict for “full adjustments.”

Both schemes suggested require the cooperation of non-abating countries. If,

however, global cooperation at such a level proves to be possible, industrialized

and developing countries should also study alternative options for a joint imple-

mentation of climate policy. Sectoral agreements for carbon-intensive industries

might be one possibility—an option that, depending on design details, can be at

least as effective as border measures, but is internationally far less controversial.
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11.5 Policy Implementation in the Long Run:
Carbon-Added Scheme

In the long run, instead of carbon border adjustments, a “carbon-added” scheme

(Droege et al. 2009) as discussed in Sect. 2.2.3 can be introduced. Such a scheme

would require (almost) global cooperation in determining emissions at all steps of

production. The great advantage of the “carbon-added” proposal is that it should

provide accurate data on the carbon content of every product. If a carbon tax

(or other policy instrument) is applied according to this carbon content, it therefore

provides the right incentives to lower the carbon content. We can therefore draw the

following conclusion:

The environmental effectiveness (and cost-effectiveness) of a unilateral climate
policy pursued by (a group of) industrialized nations may—depending on param-
eter values—be improved by a switch to a consumption-orientation based on
carbon accounting by means of a “carbon-added” scheme. The decisive parame-
ters are: elasticities of demand, parameters defining the production technology,
emissions intensities and trade and production volumes in abating and non-abating
countries.—Such a switch of policy-base should also be accompanied by technol-

ogy transfer to non-abating nations. Under such a scheme carbon taxes on the

exports of developing and emerging economies will typically be directly collected

by these countries—if not, i.e. if they are instead collected in the form of border

tariffs, then the revenues from these tariffs should be disbursed to the countries

where the taxed goods were produced.

As opposed to a policy switch carried out in the short-run without any cooper-

ation of developing and emerging economies, thus—provided parameter values are

as required—the introduction of a consumption-based policy based on a “carbon-

added” emissions accounting scheme can be recommended on environmental

grounds. Of course, the objective in the long-run should be the adoption of a

“first-best” climate policy, i.e. a policy that includes the production of all countries

and that applies only a single carbon price to all carbon dioxide emissions. A

consumption-based policy (or probably better: an “income-tax-only” policy)

adopted by industrialized countries may however constitute an intermediate step

on the way to a policy that includes all global emissions. Provided industrialized

countries offer an attractive “policy package” to developing and emerging econo-

mies, these countries might have some reason to first apply a stringent climate

policy to their export industry, before applying it to their entire economy. As

Houser et al. (2008) note, in China, for example, exporting firms are often “top of

the class.” For these firms, complying with a climate policy will therefore be easier

than for many firms that concentrate only on the domestic market.

Another policy change that can be implemented only in the long-run, but that is

of quite a different nature, would be a reform of the international climate policy

architecture to a system that does not rely on emission reduction targets, but on

carbon budgets for individual countries (which could be based on equitable per-

capita rights to emit into the atmosphere). As mentioned in Sect. 1.2, such carbon
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budgets could be defined in terms of consumption-based emissions. But note that

the introduction of such a system is a change of the target base, and not of the tax

base. Thus it is not directly related to the main research questions of this study.

Nonetheless, a change of the target base might in many countries lead to the

adoption of a tax base matching this target base, i.e. a tax base that is

consumption-oriented, too. The difference to the setting examined in this study is

that this system would bring all countries into the scope of the policy. Countries that

have a larger carbon budget then they want to spend—in most instances developing

countries—under these circumstances have an incentive to sell their “rights to

emit.” Therefore, a global carbon market should develop, which means that there

will be only a single global carbon price. Different carbon prices in different

countries and the inefficiencies related to these differences—the point of departure

of this study—will not be an issue anymore. Of course, the introduction of such a

new climate policy architecture will have effects on the welfare of individual

countries. But a major policy architecture change can only be introduced by

means of an international agreement. The distributional effects of this change will

thus be part of the negotiations leading to this agreement—and not an effect that

one country (or a group of countries) can impose unilaterally on others, as is the

case with border measures.

11.6 Conclusion

The exports of developing and emerging economies are characterized by what one

might call “large abatement potentials.” They contain a substantial share of global

emissions in the form of embodied emissions (see Chap. 6), and the marginal

abatement costs in developing and emerging economies are often close to zero.

Still, for industrialized countries proceeding unilaterally it is not easy to exploit this

potential. A switch to a consumption-based policy orientation appears to be a

promising option only at first sight: In reality, the design of a policy that taps this

potential by providing the right incentives and not causing adverse effects is a

tremendously difficult task. This study finds that it cannot be accomplished without

at least some level of cooperation by developing and emerging economies. Thus,

the idea that, if developing and emerging economies are not willing to cooperate

(or if industrialized countries are not willing to make the necessary compromises

that incentivize them to cooperate), industrialized countries may just as well

proceed unilaterally and nonetheless—through a consumption-based policy—

bring about a reduction of emissions in non-abating countries, has turned out to

be an illusion. Still, there is room for a possible adoption of consumption-based

approaches as a means of increasing the environmental effectiveness of climate

policy—however, not in the form of measures unilaterally imposed by industrial-

ized countries, but as a scheme mutually agreed between those countries that

introduce the measures and those affected by them.
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Chapter 12

Conclusion

Abstract This concluding chapter summarizes the main results of this study. The

view of some authors that industrialized countries can easily and quickly improve

the environmental effectiveness of unilateral climate policies by introducing

consumption-based approaches is challenged. This study has found that none of

the arguments typically presented in support of consumption-based policies can, in

fact, guarantee their effectiveness. Rather, whether a production-based or a

consumption-based climate policy is environmentally more effective or more

cost-effective depends on the size of the abating coalition, demand, production,

and trade parameters, and the exact design of the policy instrument used. In

particular, the effectiveness of consumption-based approaches depends crucially

on whether they incentivize a “greening” of production technology in developing

and emerging economies. It is argued that in the short run—when using border

adjustments as a policy instrument—the desirable incentive effects can be secured

only if it is possible to achieve at least a certain level of cooperation with the

countries affected by the border measures. In the long run, a “carbon-added”

scheme could be introduced instead of border adjustments—this would further

policy effectiveness, but require an even higher level of international cooperation.

Thus, consumption-based approaches should best be discussed not as an additional

“tool” of unilateral climate policy, but rather as a possible intermediate step on the

way to a fully multilateral abatement strategy.

Numerous studies suggest that to have a realistic chance to keep global warming

below the internationally agreed 2� limit, GHG emission will have to peak before

2020 (for a recent study on this issue see e.g. UNEP 2013). Thus, within the next

few years huge abatement efforts are called for. The prospects that an international

agreement on a globally coordinated GHG abatement strategy will enter into force

within this decade are, however, bleak. Countries or coalitions of countries willing

to address the problem of climate change therefore have to rely on unilateral action.

Naturally, there is an interest in designing such unilateral strategies to be as

effective as possible. One option suggested to increase the effectiveness of unilat-

eral policies is a switch from the current system of a production-based to a

consumption-based policy orientation. Such a policy does not target the emissions

discharged on the territory of the country that abates, but the emissions embodied in

the goods it consumes. This study has analyzed whether such an approach pursued
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by all (or a group of) industrialized countries can in fact help to increase policy

effectiveness—defined in terms of environmental effectiveness, cost-effectiveness,

and carbon leakage. First, the findings of different—and so far separate—strands of

the literature on this subject were reviewed. Then—using a stylized analytical

model—the effects of a production- and a consumption-based policy were exam-

ined and compared. Finally, the question was discussed, whether—and if so, how—

a consumption-based policy could be designed for a “real-world” situation that is

more effective than a comparable production-based approach.

A switch to a consumption-based orientation in effect extends the reach of the

policy beyond the borders of the abating coalition, as it brings the export production

of countries not participating in the coalition into the scope of the policy. In the

academic literature, a number of arguments can be found that suggest that such a

switch implemented by industrialized countries might increase the effectiveness of

unilateral policy approaches. In the introduction to this study, four such arguments

were presented. A closer examination throughout the course of this study has

however revealed that—although all of the arguments appear convincing at first

sight—actually none of them can guarantee that a consumption-based policy is

indeed more effective than a production-based one. Specifically, the four argu-

ments1 and the findings relating to them are as follows:

– “With current worldwide production and trade patterns, a consumption-based
policy by industrialized countries includes a larger share of global emissions
than a production-based policy; under the assumption that abatement costs
increase the level of abatement, it is therefore the more cost-effective
option.”—This study finds that it does not suffice to compare the quantities of

emissions included in the scope of the two policy variants; rather, the effective-

ness of the policy per unit of emissions in bringing about reductions to these

emissions has also to be considered. In particular, a switch to a consumption-

based policy takes the export sector of industrialized countries out of the scope

of the policy, but brings imports from developing and emerging economies into

the scope. If these economies do not possess low-carbon technologies, they

cannot react to the policy by “greening” their production. Thus, either the policy

has little effect on imports from these countries, or—potentially even worse

from the viewpoint of environmental effectiveness—the exports from develop-

ing and emerging economies will not be “greened”, but curbed. This however

means an income loss for these countries. Due to limits on the size of their trade

deficits, these countries might be forced to also reduce imports from industrial-

ized countries and substitute domestic products for these imports. These domes-

tic products will, however, typically be produced with a higher carbon intensity.

In that case, the policy does not cause a drop, but an increase in emissions in

developing and emerging economies. Thus, the validity of the first of the four

arguments cannot be guaranteed.

1 See Sect. 1.2 for a more detailed presentation of these arguments and the respective references.
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– “Abatement costs in some developing and emerging economies are effectively
zero. A consumption-based policy could make use of this low-cost abatement
potential by bringing the export sector of these economies into the scope of the
policy.”—The objections to the validity of this argument are similar to some of

those made against the first argument: The low-cost abatement opportunities in

emerging economies can only be exploited by firms that posses the required

technology (e.g. firms from industrialized countries via the Kyoto Protocol’s
CDM). Many firms in developing and emerging economies however may not

posses these technologies.

– “The introduction of a consumption-based policy reduces carbon leakage
through the competitiveness channel.”—This argument may—depending on

demand and market structures—actually apply in a sector-wise analysis. Still,

two objections can be raised: First, the policy with less leakage is not automat-

ically the environmentally more effective one. To assess environmental effec-

tiveness, one must also compare the effects of the policy in the policy region, and

not only consider leakage. Second, in general equilibrium a negative feedback

effect on environmental effectiveness due to import substitution in developing

and emerging economies (discussed above) may occur.

– “Protecting the competitiveness of domestic industry by means of a
consumption-based approach may allow governments to pursue a more ambi-
tious climate policy.”—The problem with this argument is that if the other three

arguments do not hold, then a consumption-based approach may not increase the

environmental effectiveness of an abatement policy. Thus, the only effect of the

policy is actually to protect the domestic industry. Such a policy however can

(and most probably will) be challenged by the WTO.

Thus, this study has shown that some of the most convincing arguments in

support of the adoption of a consumption-based approach actually do not hold in

general. This, of course, does not imply that they never hold. Nonetheless, this

finding clearly has the consequence that it cannot be assumed that a switch to a

consumption-orientation will necessarily improve the effectiveness of a policy.

Rather, the relative effectiveness of consumption-based approaches depends on a

number of parameters and policy design details. This study has identified the

following relationships determining the effectiveness of the introduction of a

consumption-oriented policy and its impacts on competitiveness and the distribu-

tion of policy costs (without loss of generality, in some of the arguments it is

assumed that the policy instrument is an emission tax):

– The model-based analysis shows that certain circumstances and parameter

values exist that are conducive to the effectiveness of a consumption- as com-

pared to a production-based policy. These are: the abating coalition is small

relative to the size of the world economy; it produces with a relatively low

carbon-intensity; technological abatement opportunities have already been

largely exhausted; the demand for the abating countries’ exports is not very

price-sensitive, but on the other hand the demand for the non-abating countries

domestic products is highly sensitive to cross price effects triggered by the
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abating countries’ exports. Non-abating countries, in contrast, produce with a

high carbon-intensity, but posses the technology to reduce it.

– However—partly in contradiction to the previous point—small abating coali-

tions are confronted with the risk that the effectiveness of a consumption-based

policy is undermined by a redirection of trade flows.

– In the model of this study, a policy without an export border adjustment (which

includes a larger share of global emissions than either a production- or a

consumption-based policy) is more effective than either of the other policy

variants. This finding, however, contrasts with some result from CGE models.

– The effects of policy transmission via energy markets do not change the ranking

of the different policy variants in terms of environmental effectiveness—they

lower the effectiveness of all variants by the same percentage.

– A consumption-based policy may further technological spillovers to sectors in

developing and emerging economies producing for their home market. How-

ever, the export industry of these countries would first have to be supported by

technology transfer from industrialized nations.

– To be able to use carbon leakage as an indicator for the policy effectiveness of

consumption-based policies, too, its definition must be adjusted as compared to

the definition valid for production-based policies. This study however recom-

mends caution in using carbon leakage as an effectiveness indicator when

comparing policies—switching the policy-base typically also alters the effec-

tiveness of the policy within the policy region. Thus the policy variant with the

smallest leakage ratio is not necessarily environmentally the most effective one.

– For the abating region, a consumption-based policy will be the one with the most

favorable effects on competitiveness (but the reverse holds true for the non-

abating region).

– Both a production- and a consumption-based policy will typically cause costs to

abating as well as to non-abating countries. The split of costs between the two

groups of countries depends on the quantities of emissions embodied in imports

and exports, on the cost pass-through rates (i.e. the question how much of the

burden of an emissions tax is passed on), and on the question whether a country

is a fuel importer or exporter. While most CGE studies arrive at the result that a

switch to a consumption-based policy causes welfare losses for developing and

emerging countries, the model of this study demonstrates that—under the

assumption of high cost-pass through rates—the opposite result is also possible.

Making use of these findings, this study has developed a number of recommen-

dations for the practical design of a consumption-based policy. To be politically and

practically feasible, a policy design proposal must, however, fulfill more criteria

than just enhancing the effectiveness of the policy. In this study it was assumed that

additionally a switch of the policy-orientation should not increase the burdens of the

policy on developing and emerging economies, should meet the criterion of “per-

ceived fairness,” should stand a reasonable chance of conforming to WTO rules,

and should be practicable. This led to the formulation of the following

recommendations:
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– The revenues of the tax on imports of the abating countries should be allocated to

non-abating countries, i.e. to developing and emerging economies.

– The transfer of “green” technology to developing and emerging economies

should be fostered.

– The introduction of an export rebate can be regarded as optional. With current

production, emission, and trade patterns most effects of a consumption-based

policy stem from the import tariff.

– The policy instrument should be designed such as to incentivize the adoption of

low-carbon production technologies by developing and emerging economies.

In the literature two methods to change the policy base to a consumption

orientation are discussed: border carbon adjustments and a so-called “carbon-

added” scheme. Border carbon adjustments start with a production-based emissions

accounting system, but levy a tariff on carbon embodied in imports and grant a

rebate on emissions taxes paid for carbon embodied in exports. Such adjustments

could be introduced relatively quickly; however, the design of a border adjustment

scheme that fulfills the fourth of the policy design proposal above appears to be

practically infeasible if the countries targeted by the scheme do not cooperate in

implementing it: to impose a correct border tax on imports, information is required

on the emissions discharged at every step in the production of a good—a virtual

impossibility with today’s long value added chains that often extend through

several countries. If, as is often suggested, instead of the correct carbon content a

benchmark is used to determine the border tax, the incentive effect of the tax will be

lost: exporters cannot lower their tax dues by “greening” their production technol-

ogy. One of the central arguments of this study is that if the incentive effect of the

tax is lost, the environmental effectiveness of the policy will also be reduced. In the

extreme the policy may not lower, but even raise global emissions as it will curb—

and not “green”—the exports of developing and emerging economies and may thus,

as described above, trigger import substitution with all its negative effects for the

environment. To summarize, there may be some specific cases where the introduc-

tion of a consumption-based policy orientation by means of border carbon adjust-

ments improves the effectiveness of a unilateral policy even if cooperation with the

countries affected by the scheme proves impossible. In general, however, such an

approach cannot be regarded as an effective method to enhance the environmental

effectiveness and/or cost-effectiveness of a unilateral abatement strategy and is

therefore not recommended in this study.

If cooperation with countries affected by a border carbon adjustment scheme can

be agreed, it may however be possible to design the scheme such that it improves

the environmental and/or cost-effectiveness of a unilateral abatement policy. For

that to be the case, the scheme should help to lower the carbon-intensity in

production in developing and emerging economies. This can be achieved by

agreeing with affected countries on a scheme that provides appropriate incentive

effects, for example by combining a “worst practice” benchmark with the possibil-

ity for producers to prove that they perform better (such a scheme would contradict

WTO rules and can therefore not be introduced unilaterally). Alternatively, rather
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than using incentives, the scheme could instead influence the carbon-intensity in

affected countries through a direct commitment of these countries to implement

“green” technology in export production. Such “green” technology projects in

affected countries could be financed from the revenues of the border measures.

Both these schemes are however not “full border carbon adjustments”—therefore

the gains in environmental and/or cost-effectiveness that could possibly be

achieved by their implementation will typically be smaller than those predicted

by theoretical models for “full adjustments.” Also, as these possible gains in

effectiveness additionally depend on demand, production, and trade parameters as

discussed above, no general conclusion on their size can be drawn. Therefore, every

proposed border carbon adjustment scheme must be assessed individually to deter-

mine whether—and if so, by how much—it improves the environmental and/or

cost-effectiveness of a unilateral abatement policy. Also, if cooperation with

affected countries is possible, other methods to improve climate policy effective-

ness that also rely on a certain level of cooperation—for example agreements that

“level the playing field” for certain sectors only—may be feasible, too. The use of

border carbon adjustments in such a situation thus can only be recommended if the

proposed scheme indeed improves environmental and/or cost-effectiveness (and

also meets the other criteria for practical and political feasibility listed above) and

also compares favorable to other methods that enhance policy effectiveness.

In the long run, the policy base could, however, be switched not by border

adjustments, but by a “carbon-added” scheme—a system that, just like a value

added tax records value added at every step of production, would record all

emissions discharged in the course of the production of a good. Thus, information

on carbon embodied in every good would be readily available, and correct taxation

preserving the intended incentive effects should be possible. The system could

therefore be used to introduce a consumption-based policy that may—if all other

conditions on parameter values discussed above are fulfilled—indeed increase

policy effectiveness. The introduction of such a scheme would, however, require

the cooperation of (nearly) all countries in the world, making its possible realization

a long-term project.

This study started with the observation that the share of emissions embodied in

the exports of emerging economies is large and growing, and abatement costs in

many of these countries are indeed still low. However it was found that—if

implemented unilaterally—a switch to a consumption-based policy by industrial-

ized countries is not an appropriate approach to exploit this “abatement potential.”

Introducing border carbon adjustments for other reasons than to further environ-

mental effectiveness—for example, to protect the competitiveness of the industry

of abating countries or to apply political pressure to countries not wanting to join an

abating coalition—can however not be recommended as it may poison the climate

of international climate negotiations and prevent any progress on a global abate-

ment treaty. The situation is different if it is assumed that cooperation with affected

countries is possible—then, the environmental effectiveness of the policy may

indeed be enhanced by a switch to a consumption-based approach. But in that

case the policy is no longer unilateral; rather it should be seen as an—albeit
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limited—multilateral approach. The level of international cooperation required is

still quite low if the aim is just to introduce an environmentally “meaningful”

border adjustment scheme in the short run, but it is already substantial if one

wants to establish a “carbon-added” scheme in the longer run. Consumption-

based approaches to climate policy should therefore ideally be discussed not as

an additional “tool” of unilateral climate policy, but rather as a possible interme-

diate step on the way from unilateral to fully multilateral approaches to mitigation.

For developing and emerging economies it may make sense to follow such a step-

wise approach i.e. to first have a stringent climate policy applied to their export

industry, before it is applied to their entire economy. Thus there is indeed a place for

consumption-based approaches in international climate policy—however not as a

unilaterally imposed, but as a multilaterally agreed measure to improve the envi-

ronmental and/or cost-effectiveness of global abatement efforts.
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