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Abstract 

The global warming threat is challenging the world community to both international cooperation 
and national policy action. This report focuses on the necessity to alternate between "global and 
national climate policies". The Swiss perspective is at issue. The economic rationales for comparing 
national climate policy options are analyzed. This report explicitly focusses on the fundamental role 
of the normative framework and the related environmental-economic requisites for establishing an 
efficient national climate policy and computing a "carbon tax". Finally, the latest results of the 
energy and greenhouse gas scenarios for Switzerland, elaborated on within the network of the 
EA/ETSAP Project, Annex IV, "Greenhouse Gases and National Energy Options: Technologies 
and Costs for Reducing Emissions of Greenhouse Gases", illustrate Switzerland's difficulties in 
reducing greenhouse gas emissions at "reasonable cost" compared with other countries. This should 
make Switzerland very sensitive to the implementation of efficient environmental-policy instru
ments and international cooperation. 

The increasing atmospheric concentrations of greenhouse gases are of conceme to the scientific 
community and the governments of many nations. The fact is that although carbon dioxide is by far 
the most important greenhouse gas, the global warming contributions of methane, chlorofluorocar-
bons and nitrous oxide must also be taken into account For this reason, the different greenhouse 
gases (GHGs) should be compared according to their global warming potentials before specifying 
a climate policy which finally must be based on value judgements. 

Managing global warming constitutes an intertemporal and international allocation problem. The 
question is: How should the "GHG emission rights" be shared across the generations and nations? 
And which is the most appropriate instrument for global climate control? — From a conventional 
economic perspective, either a global carbon tax or a system of tradeable permits would solve these 
problems in the most efficient way. Yet, dynamic aspects of GHG accumulation and control such 
as irreversibility under uncertainty, catastrophic and surprise events, and policy-induced technical 
progress must be considered with particular care. This provides then an alternative framework within 
which national climate policies can be assessed. 

Though many of the impacts are regional, the greenhouse effect is by nature global. Yet, different 
countries feel different amounts of concern about global warming. And there are huge differences 
from country to country in the marginal cost of GHG control and the state of economic development 
Together these facts determine both the constraints for national policy options and negotiating an 
international agreement on climate control. The fact is that a sufficient number of countries should 
be involved. Therefore, the initial distribution of "GHG emission rights" must allow for efficiency, 
sustainability and equity requirements. This constitutes then the background for analyzing different 
policy options on the international platform. 
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On the national scale, a carbon tax scheme will provide the most appropriate policy instrument when 
combined with suitable compensation and transfer payments. The rationale is that the tax revenues 
should be used as an additional instrument of GHG control, and not be devoted to the public treasury. 
This makes allowance for both efficiency and distributional targets. 

Given a predetermined set of GHG emission targets, a national carbon tax can be assessed according 
to the least-cost conditions for achieving these targets within a specified time interval. Since carbon 
dioxide, mainly resulting from fossil fuel combustion, is by far the most important GHG, an energy 
system model such as MARKAL provides an advantageous tool for calculating the least-cost 
conditions, and thus a carbon tax proposal for Switzerland. Therefore, suitable reference scenarios 
on energy demand and other policy constraints are required. Finally, the economic impacts should 
be considered within a broader macroeconomic framework. To this end, a computable general 
equilibrium model should be applied in addition to the energy allocation model. When these two 
models are linked with one another, then carbon tax proposals and the economic impacts can be 
jointly calculated for different reference scenarios. 
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Resume 

La menace du rechauffement global est un deft pour la communaute mondiale, ainsi que pour la 
cooperation Internationale et pour les decisions de politique nationale. Le present rapport a done 
pour but de reveler les conditions necessaires pour allier politique globale et politique nationale du 
climat, avec en perspective la situation suisse. Ce document met en Evidence les raisonnements 
Iconomiques necessaires a 1'analyse d'une politique nationale du climaL Aussi se concentre-t-il 
explicitement sur le role fondamental du cadre normatif et des exigences liees a l'economie et a 
l'environnement, necessaires a I'etablissement d'une politique climatique efficace et au calcul d'une 
taxe sur les emissions de CO2. Les recents resultats des scenarios energetiques eiaborts dans le cadre 
du projet IEA/ETSAP, Annexe IV, "Gaz a Effet de Serre et Options Energetiques Nationales: 
Technologies et Couts pour nSduire les Emissions des Gaz a Effet de Serre" illustrent les difficult^, 
quant aux couts, a require les emissions des GES en Suisse. La comparaison internationale renforce 
cette illustration. Cet etat de faits devrait accroltre la sensibility de la Suisse pour la mise en place 
d'instruments efficaces de politique environnementale, ainsi que son interet pour la cooperation 
internationale. 

L'accroissement des concentrations atmospheriques des gaz a effet de serre (GES) concernent la 
communaute scientifique et les gouvemements de nombreuses nations. Bien que le carbone dioxyde 
soit de loin le GES le plus important, les contributions du methane, des chlorofiuorocarbones et du 
monoxyde d'azote au rechauffement global ne peuvent etre negligees. Pour cette raison la mise en 
place d'une politique climatique doit se faire en prenant en coropte le potentiel de rechauffement 
global de ces divers GES. En dernier lieu celle-ci se basera sur des jugements de valeur. 

La gestion di: rechauffement global constitue un probleme d'allocation intertemporelle et irttema-
tionale. La question etant: Comment doivem gtre distribues les "droits d'emission des GES" entre 
les differentes generations et pays? Quel est 1'instrument le plus approprie pour le controle du 
rechauffement global?" —Dans le cadre de reconomie traditionnelle tant une taxe globale sur le 
CO2, qu'un systeme de permis negociables conduisent a une solution optimale. Pourtant on doit 
tenir compte de l'aspect dynamique de 1'accumulation des GES. A cela s'ajoute les problcmes lies 
a 1'irreversibilite et a Fincertitude, a la probabilite de catastrophes climatiques, ainsi que le progres 
technologique. Cela constitue la base sur laquelle les politiques nationales du climat doivent etre 
formulees, de facon a conduire a des resultats efficaces. 

Malgre la dimension mondiale du rechauffement global, certains de ses impacts se repercutent plus 
particulierement sur certaines regions. Les pays se sentent done differemment concernes par celui-ci. 
A cela s'ajoute les variations quant au cout marginal de contrdle des GES et les differents niveaux 
de developpement economique. Ensemble ces facteurs determined les contraintes influencant la 
negotiation d'un accord international pour la gestion climatique, ainsi que la politique nationale du 
climat. Des lors le partage initial des "droits demission des GES" doit satisfaire a des criteres 
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d'efficacité, de développement durable et d'équité. Uniquement lorsque ceux-ci seront satisfaits, 
un nombre suffisant de pays sera prêt à participer à une convention climatique. Ceci constitue 
l'arrière-plan nécessaire à l'analyse des différentes options politiques sur le plan international. 

A l'échelle nationale l'instrument le plus approprié est une taxe sur les émissions de CO2, pour 
autant qu'elle soit liée à des compensations convenables et à des transferts financiers. Le revenu de 
celle-ci ne devrait pas être affecté comme n'importe quelle autre ressource fiscale au trésor public. 
En effet pour que les conditions d'efficacité et d'équité soient garanties, l'emploi du revenu de la 
taxe doit être lié au contrôle des GES. 

Une taxe CO2 doit également satisfaire au principe de la minimisation des coûts, qui résultent 
d'objectifs prédéterminés 6ans un cadre temporel et économique précis. Considérant que le CQj, 
qui provient essentiellement de la combustion des huiles fossiles, est de loin le plus important des 
GES, un modèle du système énergétique comme MARKAL est un instrument avantageux pour 
calculer les conditions au coût minimum d'une estimation de la taxe CO2 pour la Suisse. En 
conséquence des scénarios de référence pour la demande énergétique et des contraintes politiques 
doivent être formulés. 

Finalement un cadre macro-économique plus large doit prendre en considération les impacts 
économiques. A cette fin il faut appliquer un modèle d'équilibre général. Celui-ci, accompagné du 
modèle d'allocation énergétique susmentionné, permettra d'estimer une taxe CO2 en fonction de 
différents scénarios, ainsi que les impacts économiques dûs à son introduction. 
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Zusammenfassung 

Die als Folge des Treibhauseffekts zu erwartenden globalen Klimaverändeningen konfrontieren die 
Welt sowohl mit der Herausforderung zu internationaler Zusammenarbeit als auch politischen 
Massnahmen auf nationaler Ebene. Die Zielsetzung dieses Berichtes ist es, die Notwendigkeit einer 
"sowohl global orientierten als auch national gestützten Klimapolitik" in den Brennpunkt zu 
bringen. Dabei wird der schweizerischen Situation besondere Berücksichtigung geschenkt Die 
ökonomischen Grundlagen für einen Vergleich möglicher Politik-Alternativen auf nationaler Ebene 
sind dargestellt. Die zentrale Bedeutung des zugrundegelegten normativen Ansatzes und der damit 
verbundenen umweltökonomischen Voraussetzungen werden betont, welche es zu berücksichtigen 
gilt für eine effiziente nationale Treibhausgas-Politik sowie für die Berechnung einer entsprechen
den C02-Abgabe. Die jüngsten Resultate aus dem IEA/ETSAP-Projekt (Annex IV) über Treib
hausgase und nationale Energieversorgung: Technologien und Kosten für die Reduktion von 
Treibhausgas-Emissionen" verdeutlichen die besondere Kostensituation in welcher die Schweiz sich 
befindet, wenn sie in einem internationalen Vergleich ihre Treibhausgas-Emissionen vermindern 
möchte. Diese Tatsache dürfte in zunehmendem Masse eine Sensibilisierung herbeiführen für den 
Einsatz effizienter umweltpolitischer Instrumente und eine verstärkte internationale Zusammenar
beit. 

Die zunehmenden Konzentrationen von Treibhausgasen in der Atmosphäre beschäftigt sowohl 
Wissenschafter als auch die Regierungen in vielen Ländern. Es ist bekannt, dass ausser dem 
Kohlendioxid, dem weitaus wichtigsten Treihausgas, auch Methan, Fluorchlorkohlenwasserstoffen 
(FCKWs) und Stickoxiden zur globalen Klimaveränderung beitragen. Aus diesem Grund sollten 
die verschiedenen Treibhausgase entsprechend ihres globalen Erwärmungspotentials berücksichtigt 
werden bei der Formulierung klimapolitischer Ziele. Diese basieren ihrerseits auf gesellschaftlichen 
Werturteilen. 

Die Kontrolle der globalen Klimaverändeningen stellt ein intertemporales und internationales 
Allokationsproblem dar. Die Frage lautet: Wie sollten die "Emissionsrechte" verteilt sein zwischen 
verschiedenen Generationen und Nationen? Welches sind die besten Instrumente für die Kontrolle 
des Treibhauseffekts? — Aus einer konventionellen ökonomischen Sicht sind sowohl eine globale 
CO2 Steuer als aucn handelbare Emissionsrechte am effizientesten. Nun gilt es aber gerade gewisse 
dynamische Aspekte der Treibhausgas-Akkumulation und -Kontolle besonders zu berücksichtigen. 
Das Problem von Irreversibilität und Unsicherheit, möglichen Klima-Katastophen sowie induzier
tem technischen Fortschritt bilden die Grundlagen für einen alternativen Ansatz. Auf dieser Basis 
kann auch eine effizienzorientierte nationale Klimapolitik formuliert werden. 

Obwohl der Treibhauseffekt ein globales Phänomen darstellt, sind Veränderungen in grösserem 
Ausmass vor allem auf regionaler Ebene zu erwarten. Aus diesem Grund fühlen sich verschiedene 
Landerauch unterschiedlich betroffen durch die bevorstehende Klimaveränderung. Zudem bestehen 
enorme Differenzen bezüglich der marginalen Vermeidungskosten bei den Treibhaasgasen und dem 



VI The Requisites for Switzerland 

Stand der wirtschaftlichen Entwicklung. Dies alles sind Fakten, welche sowohl für eine nationale 
Klimapolitik als auch für die Vereinbarung einer internationalen Klimakonvention massgeblich sein 
dürften. Folglich müssen Effizienz-, Nachhaltigkeits- und Vertei'ungs-Kriterien berücksichtigt 
werder bei der Zuteilung von "Emissionsrechten", so Jass eine ausreichende Zahl von Ländern 
bereit wäre sich zu beteiligen. Dies stellt die Grundlage dar, um verschiedene Politik-Optionen auf 
internationaler Ebene zu vergleichen. 

Auf nationaler Ebene stellt eine CC^-Abgabe (oder "Steuer") das angemessenste Instrument dar. 
Sie sollte aber in vernünftiger Weise mit Kompensation- und Transfer-Zahlungen kombiniert 
werden, und die Einnahmen sollten nicht der allgemeinen Staatskasse zufliessen. Eine Zweckgebun
dene Verwendung ermöglicht es sowohl Effizienz als auch Verteilungs-Kriterien gerechtzuwerden. 

Eine nationale CO7-Abgabe lässt sich aufgrund der Minimalkostenbedingungen bestimmen, welche 
für die Einhaltung vorgegebener Emissionsziele innerhalb eines bestimmten Zeitraumes der 
Volkswirtschaft erwachsen. Da das bei weitem wichtigste Treibhausgas, nämlich CO2, vor allem 
bei der Verbrennung fossiler Energieträger entsteht, wird die Verwendung eines Energiesystem-
Modells wie MARKAL für die Bestimmung dieser Minimalkostenbedingungen als vorteilhaft 
erweisen. Für die Ausarbeitung eines Vorschlages im Hinblick auf die mögliche Einführung einer 
CQz-Abgabe in der Schweiz steht damit ein nützliches Instrument zur Verfügung, wobei noch 
entsprechende Referenz-Szenarien für die Energienachfrage und zusätzliche politische Restrik
tionen formuliert werden müssen. 

Die gesamtwirtschaftlichen Auswirkungen sollten in einem erweiterten makroökonomischen Rah
men bestimmt werden. Zu diesem Zweck sollte eine berechenbares "Allgemeines Gleichgewichts-
Modell" zum Einsatz kommen, welches zusammen mit dem Energie-Allokationsmodell die 
Möglichkeit bietet, für verschiedene Referenzfälle, Vorschläge für eine CCVAbgabe und deren 
volkswirtschaftliche Auswirkungen zu bestimmen. 
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1 Introduction 

The threat of global warming calls by nature for international response. Yet, international coopera
tion requires a broad consensus across nations and action based on international and national climate 
policy. The analysis of managing global wanning must therefore go back and forth "from global 
to national climate policy", whik taking into consideration the negotiation of an international 
agreement on climate change. The first question constitutes the topic of this report, whereas the 
second one determines the overall circumstances for imposing a national climate policy. 

The fact is then, that any global or national climate policy aimed at contributing to the management 
of global warming faces numerous challenges and objectives, such as economic efficiency, environ
mental effectiveness (or sustainability), social and international equity (distributive justice), and the 
choice of appropriate policy instruments, which inevitably imply value judgements. Correspond
ingly, this report explicitly focuses on the normative framework and the related environmental-
economic requisites that must be made plain before establishing an efficient national climate policy 
and computing the related "carbon-tax". The Swiss perspective is at issue. 

What is a normative framework? There are two different types of economic analysis that can be 
applied to increase our understanding of environment-economic relationships: On the one hand, 
positive economics deals with what is, what was, or what will be. Normative economics, on the 
other hand, deals with what ought to bt. The essence of the normative approach is principally to 
maximize the welfare of individuals and of the nation. More specifically, it is to minimize the social 
cost of reducing greenhouse gas (GHG) emissions and damages due to unavoidable climate change. 
This cost-minimizing objective should be achieved both globally and for Switzerland. 

What are the corresponding national GHG reduction goals based upon? National reduction goals 
represent each nation's commitments in solving the challenge of global warming. They are based 
upon various steps, as follows: 

(a) Scientific assessment: Intertemporal objectives (benchmarks) for GHG reduction that 
are consistent with global sustainable development must be determined on a scientific 
basis. This also includes the design of a suitable fiamework to face up to potentially 
irreversible changes, catastrophes, and surprise events. 

(b) Distribution of "emission rights": Alternatives for the initial distribution of emission 
rights or commitments to reduce GHGs among different nations as well as the criteria 
for acceptable commitments must be developed. 
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(c) Cost assessment: National opportunity costs for different GHG reduction scenarios 
must be computed. This aids in determining proposals for national carbon taxes and 
possibilities for international bargaining of abatement activities. 

(d) Economic impacts: Macro-level distributional incidences, structural changes and 
further effects on production factors Oabor and capital) and the environment must be 
analyzed both from a national and an international perspective. 

(e) Technical progress — *hich must be addressed along with uncertainty. 

(f) Energy scenarios: The question of the costs and benefits of GHG control in a small 
country like Switzerland with a "Coefficient energy system" requires special atten
tion. 

(g) The use of carbon tax revenues — which must be properly elucidated. 

This report elaborates on the economic requisites tint accompany all these steps, (a) to (g). It thus 
constitutes the very economic background which is indispensable to anyone confronted with 
national climate policy and the computation of a carbon tax. 

What are these economic requisites? They correspond to the environmental-economic ways and 
means any country must rely upon to fulfill climate policy goals. The objective for a national climate 
policy should primarily be cost-minimizing on the national level. It should further open room for 
international bargaining (bilateral or multilateral) to reduce global inefficiencies and for jointly 
fulfilling the global GHG emission goals at lower cost for each country. 

These requisites consist of various rationales (or economic foundations): One with which the tax 
is assessed, another similar one for dealing with tht international context, still another for addressing 
the use of the carbon tax revenues. Explaining these economic rationales in full constitutes the core 
of this report. 

The report is made up of seven chapters. Chapter 2 briefly introduces the global warming facts and 
figures for Switzerland. Chapter 3 is devoted to the economic rationale of assessing a carbon tax 
for Switzerland. It is aimed at designing the normative framework for computing this tax on the 
national level while taking the question of global efficiency into account. Chapter 4 is devoted to 
the economic rationale for the use of carbon tax revenues. Besides the regressivity of a carbon tax 
across income groups, a national carbon tax procures revenues to the public hand. Although there 
is no generic connection between carbon taxes and general taxes, this can be used to reduce the 
government's budget deficit, to increase its expenditures, to offset some other taxes, or to allow for 
compensation payments to consumers and/or producers. Chapter 5 addresses the international 
context within which climate policy instruments can be implemented. On the global scale, interna
tional agreement and cooperation are necessary prerequisites for controlling climate change. In 
particular, managing our climate system is not only a question of efficiency and sustainability 
anymore, but also of international distribution and development. Chapter 6 focuses on energy 
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scenarios and emissions control for Switzerland, which is a "COi-efficient energy system". It needs 
special attention, in as far as applying e.g. the Toronto recommendations for percentage reductions 
in carbon dioxide emission to each individual country would be unrealistic. "This would punish 
countries that have a very efficient carbon dioxide energy system." This chapter consequently 
focuses on optimization of the Swiss energy system using the MARKA^ model with various 
assumptions as to future carbon dioxide emission restrictions. Finally Chapter 7 opens to policy-
related questions regarding the implementation of a pragmatic approach to computing the Swiss 
carbon tax under the normative framework, that this report will have contributed to design. 

Last, this report also contributes to the interpretation of the carbon tax. In the perspective of the 
Economics of Global Warming, it must be interpreted as the price to pay for the use of global 
environmental service flows — that is, to no degree as a burdensome charge. 

This PSI-report is a contribution of the Environmental and Systems Analysis Laboratory (Dr. Fritz 
Gaismann). It was conducted by Dr. Gonzague Pillet, Head of the Environmental Economics 
Section. Chapter 2 was prepared by Socrates Kypreos and Catherine Corbaz, Chapters 3-4 were 
written by Dr. Werner Hediger, Catherine Corbaz wrote Chapter 5, and Socrates Kypreos is the 
author of Chapter 6. 
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2 Global Warming: Facts and Figures 
The purpose of this chapter is to give an overview of the global warming problem and to summarize 
the facts in the greenhouse effect debate. Global carbon dioxide emission distribution is presented, 
as well as other gas emissions which contribute to global wanning. The global warming potential 
concept is discussed. This concept allows the estimation of die equivalence between carbon dioxide 
emissions and other greenhouse gases (GHGs). Finally, an assessment of the Swiss GHG emissions 
is briefly presented. 

2.1 The greenhouse effect 

Emissions from human activities are substantially increasing the atmospheric concentrations of the 
greenhouse gases, carbon dioxide, methane, CFC's and nitrous oxide. The Mauna Loa measure
ments document an almost exponential increase of the C02 concentrations with time. This data, 
along with the estimated total release of C02 in the atmosphere due to fossil fuel use between 1958 
and 1990, indicates that almost 50% to 60% of of that C02 remains in the atmosphere. The rest 
is assimilated by the ocean and biomass. Similar changes in concentrations are measured for the 
other greenhouse gases. C02 concentrations are now at 355 ppm, i.e. 75 ppm higher than during 
die pre-industrial era (1750). This increased concentration results in a higher absorption of infrared 
radiation from the sun and die earth's surface by the atmospheric C02, disturbing die climatic 
equilibrium. The contribution of omer gases, which are also above their equilibrium concentrations 
accelerate diis effect. The change AF(W/m2) in net radiative flux at the tropopause, is given 
by: AF = 6.3 * /n(C,/Cegu,/i6r,um) 
Ct is the C02 concentration in ppmv in the year t. Assuming a doubling of the C02 concentrations, 
this relation gives AF = 4AW/m2. 
The change in the equilibrium mean troposphere temperature AT, necessary to increase the upward 
heat flux by AAW/m2 is estimated from die relation: 

(AF) = A(c * AT4) ~ 4crT3 * AT (1) 

i.e. 
AF 

Witii the mean temperature T = 255°K (at about 5 km above see level), the estimated tempera
ture increase is AT ~ 1.2°K. Assuming that the tropospheric temperature gradient {gd = ~°^) 
remains constant, then AT is also the approximate steady-state temperature increase at the earth's 
surface, corresponding to a doubling of C02 concentration. 
Geophysicists expect positive feedback due to this temperature change. This refers to changes in 
albedo, i.e. an increase in die absorbed fraction of solar flux falling on die earth's surface, but 
mainly due to changes in die atmospheric water vapor content, which is a more effective absorber 
than C02. These two types of positive feedback could further increase the steady-state temperature. 
This stationary temperature increase is higher dian the realized dynamic temperature increase at 
a given time, because of time lags due to diermal inertia of die ocean surface layer and die heat 
sequestering to die oeep ocean. 
Complex 3-D models, which take some types of feedback into account, reproduce or rather increase 
die prediction on temperature increase. Clouds could have positive and negative feedback. Their 
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net effect on the heat balance is not known. There are also uncertainties concerning ocean to atmo
sphere interactions and concerning increased biomass formation at higher C02 concentrations. The 
overall effect of all types feedback is poorly understood but it seems likely that they will increase 
the greenhouse effect. 
According to IPCC, the expected equilibrium temperature increase if the C02 or the equivalent 
C02 concentrations are doubled (i.e. 560 ppmv) is between 1.5°C and 4.5°C , with 2.5°C as the 
most probable value. The Intergovernmental Panel on Climate Change (IPCC-90) concludes that 
the stabilization of the GHG concentrations could be obtained by reducing present emission 
levels between 50 percent and 60 percent 

The international complexity related to the IPCC recommendations (which specify the con
ditions of climatic sustainability) become apparent by looking at this proposal from the long term 
point of view, when the steady-state conditions of economic equilibrium are established. 
To exemplify this model and treat the IPCC recommendations as a special case of sustainability, 
we assume that the world population will be stabilized by doubling its present level and that the 
economic output would increase by a factor of three, to allow for growth in the LDC countries. 
In that case, die C02 emissions would increase by at least a factor of six. The expected use of 
coal based synthetic fuels during die second half of the next century will make this factor even 
higher. These conclusions are also justified by such global models as the Edmonds-Reilly model 
and die Manne-Richels model. Since the IPCC recommendsa reduction of present emissions by 
at least 50%, the required reduction of expected future C02 emissions is 93%. This is a severe 
constraint and demands long term coordinated actions at national and global levels. It is also of 
importance to reduce scientific uncertainties associated with die green-house effect, to identify the 
implications of not fulfilling die recommendations and to assess expected damage. This will help to 
establish optimal control paths which simultaneously consider control and damage costs of climate 
destabilization (CETA Model, The Energy Journal 1992.) 

The political complexity of me GH problem becomes apparent by examining die present status 
and distribution of die C02 emissions by country, versus the more or less official positions taken 
by die different administrations involved. This distribution is shown in die following Figure: 

Fig. 2-1: Distribution of C 0 2 emission for 1987 
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The USA and the former USSP, die most significant contributors to global warming, have not yet 
committed to any important policy to stabilize the world climate. The USA argues that there are 
significant uncertainties associated widi the greenhouse problem which do not justify any crash 
programs prior to a careful scientific assessment of the problem. "Non-regrets" policies (mainly 
conservation and reduction of CFCs) are in discussion. Russia hopes that climatic destabilization 
will be associated with some benefits for their Siberian territory, although energy system experts 
of the former USSR do recognize that there is a significant potential for energy conservation (up to 
50%). In any case, die administrations of die former USSR are, for the moment, fully occupied w-'th 
a more important problem, i.e. stabilizing die political situation and the economy of dieir countries. 
Japan has committed to stabilizing per capita C02 emissions at die present levels. Due to implied 
technical innovation associated widi GHG constraint and new expected markets, mere is hope tiiat 
Japan will choose a more active policy. European countries are determined to formulate an active 
policy for sustaining the world climate. Reduction levels between 20% to 25%, by die year 2005, 
are under discussion but no formal decision has yet been made. The third world countries are 
again unable to finance any C02 mitigation policy, they face extreme population growth rates and 
die need of industrialization. For die tiiird-world countries, lacking know-how and capital transfer 
from the industrialized world, realization of the IPCC proposals is impossible. It is not unrealistic 
anyhow, to say that success or failure of a global policy against die greenhouse effect depends upon 
die administration of die USA (See also Chpter 5.3). (The argumentation discussed above was not 
changed during die Rio UNCED-Conference in 1992). 

2.2 Global Warming Potential Concept 

The GWP concept defines die equivalence among different greenhouse gases based upon die esti
mation of dieir induced effect i.e. die global warming, and allows die estimation of die warming 
effect of different GHGs. 
The equivalence is defined by taking into account: 
- die change in die earth's radiation balance per unit of change of a GHG concentration, and 
- die residence time of different GHGs in die atmosphere as a function of die ocean and biomass 
uptake (C02) chemical reactions. 
The GWP concept is based upon the IPCC work but is extended to take into account die changes 
in global concentrations of GHGs and to define die "instant forcing" of die different GHGs as 
functions of dieir concentration. In this way, a general formulation of die relative importance of 
die GHGs is obtained under continuously changing global concentrations. 
The main advantage of die GWP concept is die possibility of taking into account die combined 
effect of different GHGs and deriving an index which allows conclusions as to whether die different 
proposed solutions are sufficient to fulfill die recommendations of IPCC. An even more imortant 
consequence of this concept is mat it can be used in an energy model to assess die evolutios of die 
energy system, to derive optimal allocation of resources and to scale economic activities. 

2.2.1 GWP theory 

In order to define die WP of Am emissions in an environment of continuously changing global 
concentrations of C02 , we use die equation which specifies climate forcing. 
The change AF[W/m2} in net radiative flux, t years after 1990, is given by: 
AF t = 6.3 * MC/Cn) = 7c * IniCt/Cu) 
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Ct is the C02 concentration in ppmv in die year t. 
The warming potential is estimated by integrating die flux over time, i.e. 
H7>(9) = fiAFt*dt 
Assuming now diat Am emissions of C02 are released in die year 1990 and that die induced 
COi concentration increase (Am * 3Q) decays exponentially widi time, die change in die wanning 
potential from 1990 and up to year 9, due to Am, is: 

H-fwe) - x A . ^ - ^ ! * - */"*.£* (3) 
JO O90 JO O90 

The first part (of die right-hand side) is die WP due to global and national emissions, while die 
second pan eliminates die WP effect due to global concentration change. Finally, 

wP^m = *ri»lc'+^'-"n]« (4) 
Jo Ct 

and since Am/3be~'/T° << Ct , and /n(l + x) = x for x << 1, we have: 

W / W 9 ) = lcAm * 0O £ e-^/Ctdt (5) 

Assuming now diat die global concentration follows an exponential increase widi growdi rate g, 
i.e. Ct = Co * egt, and integrating we have: 

H 7 W 0 ) - fAmh/Co f e-^fePdt = Ama0 * [1. - e""*4"]/^ (6) 
Jo 

a0 = 7o * do/C0 is die instant C02 forcing, while S0 = (1. + gTQ)/T0. 
The main conclusion of diis relation is diat die induced warming potential due to some instant 
emissions is a linear function of emissions (for a fixed integration time). This relation allows die 
definition of a wanning potential per unit of emissions. The same calculations could be made by 
assuming diat die emissions are released in die year t after 1990. In diat case die wanning potential 
between the year t and up to die year 0 is: 

WP*m(t, 0) = Am * a0/60 * e"" * [1. - e ^ " ^ ] (7) 

and tiius, die WP per unit of emissions, WP(t, 0) is: 

WP*m(t,Q) = a0/60*e-'t*[l.-e-^-t^] (8) 

The use of an exponential decaying function for C02 is a simplification. In die Maier-Reimer 
and Hasselmann (1987) general ocean circulation model, die audiors have approximated die C02 

decaying function by superimposing a set of five exponential functions: 

fc=5 

C0.t = Co.<=o$>**<rt/Tvo (9) 

fc=S 

^ti'jt = 1, widi parameters: 
k=\ 
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weight wk (-) 
0.131 
0.201 
0.321 
0.241 
0.098 

Tk,o in years 
oo 

362.9 
73.6 
17.3 
1.9 

The first component has an infinite exponential decaying rime which implies that for each ton of 
C02 released, 131 kg remain forever in the atmosphere and another 201 kg take die next few 
centuries to decay. The rest of the mass decays relatively faster. 
Adopting this formulation for the description of C02 decay and repeating die approach as described, 
we obtain the following WP per unit mass of C02. 

k=5 

WP*n{t, e ) = £ QO/*M * e~3t * [1. - e-<*-*>***-°] * Wk 

with 6kA = (1. + gTk<0)JTkiQ 

(10) 
* = i 

Similar estimations could be carried out for other GHGs. 
Taking firstly the CFC's into account, which assume a linear forcing with concentration, i.e. 
AF,{t) = ji*(Ct — Co), and repeating the procedure as for C02 we get: 

WPtmi{t, 0 ) = Am, * fl * 7 i * Ti * [1. - e-"-«>'T'] 

and finally the coefficient of global warming (QWP) is: 

/?,-*7,.*T,-*[l.-e-<«-WT'] 
QWP^Q) 

£ * QolSkfi * e~* * [1. - e-l '- ') r f»] * Wk 

(11) 

(12) 

The coefficient a, = ^{w' c is the instant forcing of CFCi relative to C02 and it is tabulated by 
EPCC. 
The QWP for CHA and for N20 is more complex because the climatic forcing of these gases is 
not a linear function of dieir concentrations, i.e. 
AFf = 7* * {^(CN,t) - y/{CNJ») 
To estimate die WP we need to perform an integration of AF over time as in die case of C02 

defining an annual growth rate of N20 (or CH4) concentrations, gN. Performing die complete 
set of calculations we estimate mat: 

QW?N{t,Q) = 
gN/6N » e-

0b'SNt * [1. - e-t ' - 'H"] 

E* W o * e-«* * [1. - e-C-')'**."] * Wk 
(13) 

with 6K = 1/TJV + <?AT/2 and aN = \j2-yN * 0s/yJCNi9O 

It is, therefore, important to take into account the global trends in changing the C02 concentrations 
in order to properly estimate the WP and coefficients. 

2.2.2 Integration of continuous emissions 

The formulation of die previous section allows the integration of different GHG emissions at die 
national level and enables an estimation of their contribution to global wanning from 1990 to a 
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time 9-
Using (in agreement with IPCC) the definition: 

QWP,= 
WPj 

WE 
(14) 

and thus: WP, = Am, * QWP * WP0 or WP = £ WPt = £< Am, * QWPt * WP0, 
the warming potential of continuous emissions of different GHGs is: 

WP(Q) = £ [ *.•(*) * wpi(*>e) *dt (15) 

Index i varies from i = 0, for C02, to i = Jm a i and includes all the GHGs, while iiiIV<) are the 
emissions of GHG : per unit of time. Finally we get: 

»0 'max 

WP{Q)= / [*o(<)+ jrm,(t)QWPt(t,e)}WPo(t,Q)dt 
J° t=l 

(16) 

The equivalent C02 emissions meq(<,0) is me term in brackets, while 

W/yTe) = Zk oo/sk,o * c-»* * [1. - e-(fl-')-̂ .o] * wfc. 
It is of interest to show how die growth rates of different GHG's in die year 1989 modify die 
exponential decaying times, quoted by IPCC, and die QWP coefficients. The EPA report to die 
USA Congress (1989) gives die following values: 
gco2 = 0.003/yr and dius l/«50 = 88.5yr (vs 120 yrs as assumed by IPCC) 

gNjo = 0.002/yr and dius 1 / ^ = 130.5i/r (vs 150 yrs) 

9cHt = 0.01/yr and thus l/SCHt = 9.5yr (vs 10 yrs) 
The equivalence of die warming potentials, shown in die following table 2-1, compares die IPCC 
estimates widi die estimates of tins paper, which correspond to constant growth rates of die GHG 
concentrations valid for 1989 and for 100 years integration time. 

Table 2-1: Equivalence of Global Warming potentials 

greenhouse gas 
C02 

CH4 

N20 
CFC-11 
CFC-12 
HCFC-12 
NOz 

NMHC 

this paper 
1 

28 
353 
4710 
9820 
1980 
10.8 
14.8 

IPCC 
1 

21 
290 
3500 
7300 
1500 

8 
11 

The extension of die GWP theory to variable GHG concentrations explains how die non-linear 
functions defining "climatic forcing" have been approximated and how die national emissions could 
be accounted for in a globally changing environment. 
If me Toronto proposal is accepted, men we can assume tiiat the concentrations remain constant 
and use die QWP coefficients as specified by IPCC. In die "business - as - usual" case, estimated 
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adjustments should be taken into consideration. 
The use of the concept in simulation models which take into account the exogenous specification 
of different emissions is justufied and the time variation of the GHG concentrations is given by 
numerical integration. In national optimization models, the coefficients should be known a-priori. 
In that case only an iterative procedure can define the QW^ coefficients where the national results 
are integrated into global conclusions. Important is also to emphasize that in global optimization 
models, which impose constraints on emissions, it is possible to define the proper value of the QWP 
coefficient, since the gas concentration is a function of the imposed constraint. In other words, for 
each global C02 constraint level imposed, the proper QWP coefficients must be used in order to 
define the equivalence between the different GHGs. 
The other main sources of uncertainty associated with the use of the global warming potential 
concept refer to the fixed residence time of the GHG in the atmosphere and mainly the treatment 
of the indirect effects. 

23 Global carbon dioxide and other GHG emissions 

The IPCC report estimates present and future GHG emissions under different policy assumptions. 
The emissions of carbon dioxide and other gases are given in CO? equivalents, using the concept 
of Global Warming potential for different integration times. The basic conclusions on global 
emissions and their relative distribution in terms of C02 equivalents are summarized here. The 
indirect effects on stratospheric water vapour, carbon dioxide and tropospheric ozone are included 
in the table, although these effects are quite preliminary and subject to change. 

Table 2-2: The relative cumulative climate effect of 
1990 man-made emissions. Source IPCC 

GHGs 

C02 

CH< 
N20 
CFCs 
HCFC-12 
indirect 

GWP (100 yr) 
1 

21 
290 

various 
1500 

various 

1990 emissions (Tg) 
26000 

300 
6 

0.9 
0.1 

contribution over 100 yr 
61 % 
15% 
4% 
11% 
0.5% 
8.5% 

The cumulative effect of the different GHGs over a long time period depends on several parameters, 
such as their instantaneous climatic forcing, their residence time and the amount of emissions 
released. The cumulative effect of a GHG is expressed by multiplying the GWP coefficient with 
its emissions. For this reason, although carbon dioxide is the least effective GHG per unit of 
emissions, its contribution to global warming is the most important because of the large amounts 
released into the atmosphere and its residence time. 

2.4 Facts and Figures for Switzerland 

Switzerland contributes by 0.2% to global C02 emissions with 0.1% of the global population and 
approximately 0.8% of the global value added. In comparison with the main producers of carbon 
dioxide emissions, die 12 million tons of carbon (MCt) per year (reference year 1987) produced in 
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Switzerland is a very small amount. Compared with the European Community (EC) (870 MCt) or 
the European Economic Space (EES) (934MQ), it is rather negligible. 
Switzerland is efficient in terms of energy and also in terms of specific C02 emissions, mainly due 
to the structure of the energy system. 

• Electricity production is based mosdy on hydroenergy (57%), nuclear energy (41%) and fossil 
fuels (2%) Thus, the emissions of the primary conversion system to secondary energy fuels 
are negligible. 

• The industrial sectors are not intensive energy consumers or C02 producers. Industry is 
considered in many countries as one of the main producers of emissions, but this is not the 
case in Switzerland. Since die country has no endogenous fossil fuel resources, most of the 
national production is based on imported, energy intensive raw materials and goods. Industry 
is responsible for only 19% of the final energy consumed in Switzerland. Liquid fossil fuels 
used in industry represent 26%, gas 18% and coal 9.5% of die final consumption. The rest 
is mainly electricity. The industrial sector is responsible for about 13% of the energy related 
C02 emissions in 1990. 

• Pollution intensive sectors are the private transportation, residential and commercial sectors. 
Energy statistics show that 32 percent of the final energy consumed in Switzerland in the year 
1990 was by transportation, 29 percent by the residential and 20 percent by die commercial 
sectors. 
Private transportation is emission intensive and is based on oil products. Ninety-five percent 
of the final energy consumed in the residential and commercial sectors is covered by fossil 
fuels, (57 percent of which are oil products) and that mostly for heating. 

We have many reasons to suppose that the marginal cost of reducing C02 emissions in Switzerland 
is radier high. This is due to the relatively efficient energy system, its structure and die fact diat the 
sources of C02 emissions are small and highly dispersed. This is illustrated in Chapter 6 where 
some energy scenarios arc discussed and die marginal cost of C02 control is estimated under 
different levels of emission reduction. 
Finally, it is of importance to present some information for die non-energy related C02 emissions 
and die emissions of other greenhouse gases (GHG) for Switzerland. The results of an internal PSI 
study which summarizes the Swiss balance of the GHGs is presented in table 2-3. This table is the 
base for trading off carbon dioxide and other GHG emission as described in Chapter 6. According to 
tius table, 62 percent of die C02 equivalent emissions are related to the energy use in the country, 
including burning of municipal wastes, cement production and methane leakages. Agriculture 
contributes by 12 percent due to methane and nitrous oxide emissions. CFC's contribute by 18.5 
percent. The rest is due to indirect formation of ozone and carbon dioxide in the troposphere. The 
primary emissions responsible for indirect effects are CO, NOx and non methane hydrocarbons. 
Again, the private transportation sector is the main source of indirect emissions. 
Contributions of the so-called "grey emissions" associated witii importing energy intensive products 
into Switzerland are not included in this table. However, from an economic perspective, they should 
not be taken into account for efficiency oriented decision making within the frame of international 
trade and cooperation for greenhouse gas control. Accounting This would result in accounting for 
"grey emissions" twice or more. In addition, it would induce trade distortions and decrease die 
efficiency of economic instruments aiming at reducing pollutant emissions. 
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The global dimension of the problem and the fact that different gases must be controlled raise 
a set of questions that must be addressed in this respect. In order to elaborate on the economic 
requirements of a Swiss climate policy (welfare and cost consideration), environmental effectiveness 
(sustainability) and distributional impacts (equity requirement) must be taken into account, both from 
a national and international perspective. Finally, energy and greenhouse scenarios for Switzerland 
will further illustrate the situation. 
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Treibhausgas-Emissionen in der Schweiz 1990 
F. Gassmann, Update Januar 1992 (lOOy) 

Verursacher 

Brattoenergieverbraacfc 
-Verkehr 
- restlicher Energieverbrauch1* 
- Zementprod' Jction9) 
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CO, 
CO., 
CO, 
CO, 
CH, 
CH« 

CH, 
N20 
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CCI, 

CO 
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Emis
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inkt/y 
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27 
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35 
31 

2.1 
0.4 

1.5 

0.08 
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1 
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184* 
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GWP5' 
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1 
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; 
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290 

3500 
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100 
= 1500 

1300 

3 
8 

11 

CGy 
Äqu. 

inMt/y 

16.0 
29.0 

2.5 
1.0 
0.6 
1.0 

0.7 
9.0 

7.4 
2.9 
2.3 
0.5 
0.3 
1.5 
0.03 

1.3 
1.5 

3.3 

Anteil 
in% 

«1.9 

19.8 
35.9 

3.1 
1.2 
0.7 
1.2 

12.« 
0.9 

11.1 

18.5 

9.2 
3.6 
2.8 
0.6 
0.4 
1.9 
0.0 

7.6 

1.6 
1.9 
4.1 

" Energiestatistik der Schweiz 1988 + 3 %, ohne Holz, Abfälle und ohne C02-Emissionen des 

Zement-Herstellungsprozesses 
2> Zunahme 1866 bis 1985 
3i N. Gotscb, Emissionen von Treibnausgasen durch die Landwirtschaft, ETHZ, 1989 + Update 1990 
4) Stoffverordnung Anhang 4.9 
51IPCC 1990; GWP = Global Warming Potential, bezogen auf Masse für instantané Abgabe von 1 kg des 

entsprechenden Spurengases, integriert über die kommenden 100 Jahre 
6> indirekte Effekte in GWP berücksichtigt 
71 Vom Menschen verursachte Schadstoffemissionen in der Schweiz 1950-2010. 

BUS Nr.76,1987 + Update Sept. 1988 
81 Wert für CFjBr = Halon 1301 aus IPCC 
91 Zementhandbuch Ausg. 1988 

10) PD Dr. P. Brunner. Vorlesung Abfalltechnik, ETHZ 1988; BUWAL 

Table 2-3: Greenhouse gas emissions, Switzerland 1990 [Source: Gassmann (unpublished)] 
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3 The Economic Rationale of 
Assessing a Carbon Tax for Switzerland 

The aim of this chapter is to design the normative framework for computing the level of a carbon 
tax for Switzerland. This is related to considerations on both the global and national scale. First, 
managing the greenhouse effect is a challenge to the international community. It can be analyzed 
as a special case of environmental pollution that is caused by global atmospheric accumulation of 
CO? and other trace gases that are emitted from many human activities and natural processes. From 
the economic perspective, the control of global climate change is a question of managing these 
emissions and the related use of natural resources. This again is a question of global efficiency and 
calls accordingly for globally coordinated allocation policy. But since a general consensus is 
necessary for global policy or cooperation, it is also a question of international distribution, and thus 
of economic development As a consequence, managing global comr ons, such as the atmosphere, 
must be based on both national policy and international cooperation. For this reason, the final 
question in this chapter is about deriving national climate policy in correspondence with global 
scientific and economic aspects of the greenhouse problem. The subject of this chapter is the 
economic rationale of a national carbon tax, whereas international environmental agreements are 
the subject matter of chapter 5. 

It must be emphasized here that designing a carbon tax scheme is not only a question of value 
judgments, scientific and economic impact assessment, and the estimation of costs and benefits, but 
also of the appropriate formulation of the entire problem within a dynamic ecological-economic 
frame. Accordingly, the ultimate aim of this chapter is to determine a suitable, normative framework 
for assessing the carbon tax for Switzerland. 

First, the economic reasons and interpretation of the Pareto-optimal global carbon tax are discussed. 
Then, considerations about uncertainty and irreversibility in the accumulation of greenhouse gases 
(GHGs) and their impacts ("damage") give an argument on behalf of a global sustainabiiity rule. In 
a dynamic context, further considerations are made on the relationship between the carbon tax and 
technical progress and related uncertainty. The international rationale of a Swiss carbon tax is also 
briefly addressed,' aimed at analyzing the shift "from global to national climate policy". The 
corresponding recommendations for a national climate policy should be, as far as possible, 
consistent with the optimal international policy to manage the challenge of global wanning. 

1) The international rationale of the carbon tax is circumstantially discussed in chapter 5. 
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3.1 Towards an efficient allocation of atmospheric resources 

— the tax idea 

"Environmental use today influences future environmental quality through interdependences in 

the ecological system as well as in the economic system. We therefore must decide to what extent 

the intertemporal interactions among generations should be consider/, d in our current decisions " 

(Siebert, 1987: 190). 

This fundamental statement referring to environmental pollution as an intertemporal (or intergenera-

tional) allocation problem also applies to the apprehended global climate change due to increased 

concentrations of carbon dioxide (CO2) and other greenhouse gases (GHGs) in the atmosphere. 

The permanent use of the atmosphere as a sink for greenhouse gases produces impacts on global 

environmental quality (climate on earth). It affects the human society and global ecosystem through 

world-wide ecological and economic interdependencies such that intergenerational and interna

tional externalities arise. As long as present generations do not compensate future generations for 

these external effects, resources are misallocated, i.e. environmental goods and services are 

over-used, now and in the future. Similarly, an externality problem is present on the international 

scale because polluting nations do not compensate other countries that are potential victims of global 

climate change. As a consequence of these externalities, intergenerational and international welfare 

losses arise. 

The source of the greenhouse effect, and thus of the apprehended global climate change, is the 

accumulation of CO2 and other GHGs in the atmosphere. This can be considered to be a special case 

of environmental pollution on the global scale. Accordingly, managing global warming represents 

a classical problem of intertemporal choice as well as a challenge to the international community 

to collaborate. In spite of the global dimension of this problem, both impacts and political actions 

occur on national levels. At this stage, economic impacts arise in two ways: (1) effects on production, 

environmental resources and social well-being from climate change, and (2) effects from abatement 

activities in form of increasing costs to economic activities. Hence, national economies are faced 

with opportunity costs of global climate change, i.e. the alternative costs of damage from climate 

change and controlling GHG emissions, respectively. The assessment of these costs is implicitly 

based on the assumption of a normative framework (e.g., ?areto optimality or "ecological-economic 

sustainability"), which is also an implicit part of any recommendation derived from the correspond

ing analysis. The choice of the normative framework must therefore be discussed before starting 

policy-related analysis. 

The basic idea of applying economic instruments for an environmental policy is to provide 

incentives towards efficiently allocating environmental goods and services. The economic objective 

of a global warming policy should accordingly be that of an efficient allocation of atmospheric, 

oceanic and biospheric resources This lies at the core of economic analysis: "The primary strength 
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of economic analysis lies in its ability to shed light on efficiency questions. This does not mean that 

effectiveness and equity considerations are unimportant. It is simply that economics is best-suited 

in assessing efficiency criteria" (OECD, 1991: 9). Correspondingly, the first question considered 

in our analysis is that of economic efficiency. The other two objectives — environmental effective

ness (or "sustainability") and social equity (distributional "fairness") — will be considered sub

sequently. 

From the economic perspective, taxes on GHG emissions ("carbon taxes") as well as tradeable 

emission permits are the most efficient instruments in managing global warming and the resulting 

local impacts, and thus integrating the above mentioned externalities in economic decision-making 

processes. This is the subject of this study tfiat is concentrated mainly on the tax idea for correcting 

market prices. This is first accomplished at the global level, and finally, the analytical framework 

for assessing a national carbon tax is derived. Although tradeable permits are discussed for trading 

CO2 emission rights among nations, a carbon tax seems more practicable at the national level than 

a system of tradeable permits. The large number of economic agents involved would entail very 

high transaction costs. Trading is handicapped by the fact mat an efficient scheme would have to 

allocate permits to suppliers, since the number of consumers is too vast In addition, there is no 

evidence that tradeable permits would work better (in efficiency terms) than taxes. The latter should 

have lower transaction costs, since fossil fuels are already taxed and no problem to market power 

(Barrett, 1991). In addition, carbon taxes have the advantageous side-effect of rising revenues for 

correction of undesirable impacts from the greenhouse policy.2 However, some form of tradeable 

permits could be an appropriate instrument for international bargaining among nations to allocate 

"GHG emisr.ion rights" or obligations to internationally reduce emissions in a more efficient way.3 

The basic idea of the carbon tax is the same as that of taxing environmental pollution in general, 

i.e. that via a suitable tax, the government can introduce an "artificial price" to generate incentives 

for the economic agents in order to attain the "desired" (or "optimal") allocation. This theoretically 

is based on the polluter-pays principle (PPP) proposed by the OECD (1975). It constitutes a 

fundamental cost allocation principle. The basic idea is that the polluters should bear the expenses 

of preventing and controlling pollution to ensure that the environment is in an acceptable state. The 

PPP is in general consistent with: "(1) a Pigovian lax, (2) any tax or charge on polluters which 

encourages them to install measures to abate pollution, whether to the 'optimal' level or not. In 

narrower terms it is usually thought of as a (Pigovian) tax which is justequal to the marginal damage 

cost at the optimal level of pollution" (Pearce, 1986). But since the PPP is not in itself intended to 

internalize fully the cost of pollution (OECD, 1975:6), it should be referred to as the environmental 

pricing-and-standards approach (Baumol and Oates, 1971) rather than as a Pigovian tax. 

2) This is particularly analyzed in chapter 4. 

3) This is further considered in chapter 5; see also Hediger and Corbaz (1992). 
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Nevertheless, the theoretical background of the PPP is that economic efficiency requires all 
resources to be allocated to their highest valued uses (Pareto optimality). This is not the case in the 
presence of external effects since market prices do not completely reflect social costs. The most 
efficient correction of market, prices is referred to as the internalization of externalities which is 
commonly used to determine social optimality by considering all economic agents jointly (Just et 
al., 1982: 271). However, social optimality does not necessarily imply that externalities should be 
restricted to zero, and internalization is not the only market conform instrument to generate 
incentives for an "optimal" use of the environment (cf. Table 3-1). On the one hand, there is the 
debate on the "taxes/subsidies" versus "property-rights approaches", that basically refer to Pigou 
(1920, 1932) and Coase (I960).4 They are based principally on the Pareto criterion. On the other 
hand, there are proposals in economic literature for environmental protection policy based on 
aggregate acceptability standards. First, Dales (1968) proposed a system of tradeable emission 
permits as a practicable property-rights approach for many pollution problems. Later on, Baumol 
and Oates (1971) proposed the use of standards and prices to protect the environment instead of a 
Pigovian tax. One of the central arguments was that determining a Pigovian tax requires enormous 
amounts of information about "the unknown value of marginal net damages" (Baumol and Oates, 
1971: 45). In contrast, the pricing-and-standards approach is based on aggregate acceptability 
standards combined with taxes on emissions, which reduces the information requirement However, 
it is cost effective. The objective of these "second-best" approaches (tradeable pollution permits 
and pricing-and-standards procedure) is no longer Pareto optimality but cost minimizing. 

TAXES (AND SUBSIDIES) 

Pigovian tax 

(Pigou, 1920) 

pricing-and-standards 

approach 

(Baumol and Oates, 1971) 

PROPERTY-RIGHTS 

APPROACHES 

individual bargaining 

(Coase, 1960) 

tradeable pollution permits 

(Dales, 1968) 

normative frameworks 

Pareto optimality 

(internalization) 

least-cost solution for achieving 

aggregate standards 

("second best") 

Table 3-1: The normative frameworks of economic instruments for environmental policy 

4) On this debate cf. Baumol and Oates (1988: en. 12), Tietenberg (1985), Mumy (1980) and Pezzey (1990). 
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In summary, the basic idea of the carbon tax is to produce incentives to the economic agents 
(producers and consumers) for reducing CO2 and odier GHG emissions in order to attain an 
"optimal" allocation of global resources (including atmospheric services). The expression "optimal" 
is a reflection of the normative framework employed for analyzing optimal resource allocation and 
determining environmental taxes. The fact is that this implies value judgements which, in modern 
economics, are traditionally based on the Pareto principle. However, under specific conditions like 
"irreversibility and uncertainty" this is not the appropriate framework. Therefore, we successively 
develop the suitable framework for assessing the "optimal" carbon tax for Switzerland and analyzing 
its impacts on the national economy. To this end, the use of the global ecosystem (atmosphere, 
oceans and biomass) as assimilator of greenhouse gases is discussed first 

3.2 Greenhouse gas accumulation, ecological and economic impacts 

3.2.1 Modelling the accumulation of greenhouse gases 

The increased greenhouse effect is caused by the atmospheric accumulation of C02 and other GHG 
emissions of mainly anthropogenic sources, whereby energy transformation is by far the most 
important, followed by the agricultural sector (cf. Barrett, 1991: 68). To a certain extent GHGs can 
be assimilated by the global ecosystem within the assimilative capacity of the atmosphere, oceans 
and biosphere. This is a function of the atmospheric concentration of GHGs. 

The problem of global warming — such as that of conventional stock pollutants — arises if, in a 
period of time, the assimilative capacity of the affected ecosystem is exceeded by the received flow 
of "pollutants". As a consequence, the stock of "pollutants" — i.e., the atmospheric concentration 
of GHGs—inevitably increases. This is illustrated by the equation of motion where S(t) provisional
ly denotes the intertemporal change of the global stock of C02 and other GHGs (in terms of carbon 
contents or C02 equivalents):5 

S(t) = dSWdt = E(Y(t)) - A(S(t)) (3-D 

m 

with E(Y(t)) = j£ /y( r ) ) E- > 0 , £/' > 0, for all j 

5) In this context, one can refer to the concept of global wanning potential (GWP), which defines the equivalence among 
different greenhouse gases (GHGs) based on the estimation of their induced effect, hence allowing the estimation of 
global warming as a cumulative effect of the annual emissions of different GHGs (cf. Kypreos et al., 1990; and chapter 
2 of this report). 
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Different GHGs (/ = l,...,m) are emitted into the atmosphere as by-products of economic activities, 

Ej{Y(t)). They accumulate in the atmosphere unless they are assimilated. The global assimilative 

capacity, A(S(r)), is assumed to be a function of the "stock" of atmospheric GHGs, as expressed in 

CO? equivalents. The curve of the assimilation function is an indicator of the global ecosystem's 

reaction to increasing GHG concentrations in the atmosphere. The determination of its functional 

form is subject to further considerations later in this section.6 At this stage, emphasis is laid only on 

the existence of the global assimilative capacity as a function of the stock of "pollutants", S(t); i.e. 

the atmospheric concentration of GHGs. 

Due to this accumulation, damage can occur in different ways. Economic production, human 

well-being (health, quality of life, etc.), stocks and regeneration of natural resources (marketed and 

non-marketed), and the assimilative capacity of the environment can be harmed as a consequence 

of the global accumulation of GHGs. In the end, all these damage categories affect social welfare, 

be it through the "material channel" of economic production and consumption activities or the 

impairment of "environmental quality".7 

The direct impacts on economic production and social welfare generally can be perceived by 

economic agents in the "short-term". The impacts on natural resources affect social welfare in two 

different ways. First, natural resources are inputs to the economy, whereas pollution effects 

production and consumption of economic goods and services. In addition, environmental quality as 

a reflection of the "state of ecosystems" (including natural resources and pollution) is assumed to 

be impaired, at least over the long-run (existence, bequest and option value). In contrast to these 

more or less direct impacts on social welfare, the influence arising from the degradation of the 

assimilative capacity of the environment is of a different kind. 

The former categories correspond to what is conventionally called "economic and environmental 

damages". Generally, they are measured in terms of production or welfare losses ("economic 

impacts"). On the other hand, the impacts on the assimilative capacity affect social welfare in the 

long-run by means of what might be called an "environmental discount rate" (Hediger, 1991a: ch. 

8) or "C02 discount rate" (Nordhaus, 1982). This will be further developed later on in the chapter, 

but first more attention will be given to "conventional" or "economic" damages. 

6) For a discussion of alternative assimilation functions see Elliott and Yarrow (1977), Hediger (1991a: ch.4), Pethig 
(1990,1992). 

7) The term "environmental quality" is understood here in its broadest sense. 
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3.2.2 "Economic damages'* 

In modelling the greenhouse problem one can formalize the welfare economic impacts by using two 
different damage functions, ty(S(t)) and D(S(t)), respectively. The first one reflects the impacts on 
the production of economic activities, Y(t\ whereby fossil fuels, F(t), and labor, Lit), are considered 
as substitutive input factors:8 

Y{t) = f(F(t),L(t))-${S{t)) 

with fF>0, / „ r<0 , / t > 0 , / JU.<0 , <|>'>0, f >0 

(3.2) 

In contrast to these damages to aggregate economic production, environmental pollution in general 
and global warming in particular can directly effect social welfare. Morbidity and mortality as well 
as individual perception of environmental degradation must be considered in this context. These 
effects are summarized in the second damage function, D(S(t)). It can formally be considered in a 
social welfare function, W(t), represented here as the difference between the social benefit of 
aggregate economic activities, U(Y(t)), and social damage, £>(£(/)), arising from the pollution stock: 

W(t) = W(Y(t),S(t)) = U(Y{t)) - D(S(t)) 

with l/>0, U"<0, D>0, D">0 

(3.3) 

a) production damage b) welfare damage 
('environmental quality effect") 

Figure 3-1: Damage functions ("economic damages'') 

8) Nordhaus (1982,1991)a» well as Goninger(1990)areconsKlenngonlythis type of damage in tbeiranalyses. 
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As illustrated in Figure 3-1 where the two different types of damage function are shown, it can be 

assumed that below a certain stock of pollution {.Sd and S/>, respectively) no damage entails. But 

above these levels damage increases exponentially with any further GHG accumulation. 

Although damage generally can be a direct funcuon of emissions (flows of pollutants into the 

environment), this is not relevant for global warming since the greenhouse effect is a consequence 

of the atmospheric concentration of GHGs only. 

3.2.3 "Ecological damages" 

The above considerations concentrate exclusively on "economic damage". The further discussion 

focuses on the third category of impacts that the stock of pollutants has on the global ecological-

economic system. These impacts can be considered as a reflection of "ecological damage". In this 

context, the concept of the assimilative capacity of the environment (Pearce, 1976; Hediger, 1991a: 

ch. 4; 1991b) is applied to the problem of global warming. A further type of ecological damage is 

the impairment of the regenerative capacity and stocks of natural resources. This is not explicitly 

considered in this study, since resource damages also affect the economic production, social 

well-being, and the assimilative capacity of the ecosystem. Thus natural resource effects of global 

warming are considered only as indirect effects. 

The assimilative capacity of the global ecosystem, as the capability of the atmosphere, oceans and 

bio-geophysical system to degrade GHGs, has already been introduced formally in equation (3.1) 

as the function of global GHG accumulation (stock of "pollutants"). Since this capacity is an 

essential function for the whole system, the appropriate description of this function becomes evident 

for the analysis of dynamic pollution problems (cf. Hediger, 1991a, 1991b). The shape of the 

assimilation function seriously influences the optimal allocation of resources and economic ac

tivities. Hence, basic research of this elementary ecological function is required. 

A conceptual definition of the assimilative capacity of the environment is given by Pearce (1976). 

Accordingly, any ecosystem has the capacity of receiving, degrading and converting wastes 

("pollutants") to nutrients or to render them harmless to the occupants of the ecosystem.9 The 

maximum rate at which an ecosystem can cany out these functions within one period of time is 

called the assimilau »e capacity of the environment. This capacity is a function of biological, 

chemical and physical processes within the particular ecosystem. These processes can again be 

effected by the accumulation of "pollutants". In particular, degrader populations and other in

habitants of the ecosystem can be influenced by flows of pollutants exceeding the system's 

assimilative capacity. This is source of a third category of damage that can be identified within the 

9) Tbe concept of tbe assimilative capacity of tbe environment can also be translated into the greenhouse problem and 
suitably be applied to CO2 and other GHGs (see below). 
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descriptive concept of assimilative capacity. Within this framework, "marginal ecological damage" 
can be defined as the reduction of the assimilative capacity due to increasing environmental pollution 
(cf. Hediger, 1991b: 236). This type of damage can formally be represented by: 

TOO) = -A\S(t)) = -[3A(S(r))/3S(0] (3.4) 

For the analysis of the allocation problem of global climate change, the employment of a strictly 
concave form of the assimilation function is proposed (see also Figure 3-2): 

A(S(t)) with A'(S(t)) 
> 0 forO<S<Sm (3.5) 
= 0 for S = Sm and A"(S(t)) < 0 
< 0 for Sm<S<Sf 

There seem to be good reasons for this assumption: 

(1) Linear forms, as used for example by Nordhaus (1982, 1991) and Gottinger (1990), are very 
restrictive simplifications of natural pr >cesses. They may be good approximations within a very 
limited range of pollution problems. Such simplification can be useful for very short-term considera
tions, if the assimilative capacity and the corresponding proportional rate of decay do not 
significantly change with further pollutant accumulation. But it is not appropriate for determining 
an optimal allocation of environmental resources in the long-run, or for assessing a carbon tax. 

(2) To analyze problems with long-term perspective such as the challenge of global warming, it is 
much more appropriate to use a strictly concave form, enabling the consideration of the saturation 
of natural processes. This also seems relevant for the assimilation of global C02 concentrations. It 
should not be assumed (as in the IPCC scenarios) that the airborne fraction of CO2 emissions will 
remain constant in the future. It is more likely that it will increase than decrease. In addition, if CO2 
emissions and global warming further increase, then it is likely that the major C02 sinks in the 
terrestrial biosphere and the oceans will decrease rather than increase. Thus the growth rate of C02 

concentration in the atmosphere will become more rapid (Bolin, 1991: 30-31; Gassmanri, 1991). 
This can be translated into a concave global GHG assimilative capacity form. 

(3) Finally, it must be emphasized that the use of respectively linear and non-linear forms of the 
assimilation function leads to different results regarding optimal pollution and the corresponding 
shadow prices (cf. also Hediger, 1991b). The result of applying a linear form instead of a strictly 
concave one leads to "over-pollution" in the long-run in comparison to the optimal solution. But 
this is exactly what should be avoided by efficiently managing environmental resources and 
pollution. 

According to these considerations, it is much more appropriate to use a concave form for modelling 
the assimilative capacity of the atmosphere, oceans and biosphere with respect to the different 
GHGs. Nevertheless, for simplicity most scientists and economists (e.g. Nordhaus, 1982,1991; and 
Gottinger, 1990) use linear forms. This has been criticized by Bolin (1991:30) for scientific reasons. 
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sm ? s 

Figure 3-2: Assimilative capacity and stock of pollutants" 

On the contrary, many economists have criticized the use of non-linear assimilation functions in 
intertemporal allocation models because of mathematical complications. Forster (1975), for in
stance, has discussed the use of non-linear assimilation functions in pollution control models. He 
found that under certain conditions, multiple equilibria may arise and that it may be optimal to let 
the environmental media die; i.e., to let the assimilative capacity (decay rate) decrease to zero. 
Forster emphasizes die social discount rate as the critical factor determining whether multiple 
equilibria exist. But he makes no reflection about the (social) value of letting an ecosystem die. If 
we define the assimilative capacity with respect to an entire ecosystem, then we cannot assume a 
solution to exist for any stock of pollutants S > & (cf. Figure 3-2) — unless we accept that 
ecosystems may be fully destroyed at acceptable social marginal damage cost In fact, it must been 
assumed that the shadow price of pollution increases towards infinite value before the assimilative 
capacity of the ecosystem is totally destroyed. Concerning global warming, a solution resulting in 
total destruction of the global ecosystem must be considered unreasonable. 

3 3 Determination and interpretation of a global carbon tax 

Up to this point, the challenge of global warming as a consequence of net GHG accumulation 
induced by emissions resulting from human activities has been discussed. Yet, the corresponding 
ecosystem dynamics (accumulation, assimilation and ecological damage) as well as the economic 
impacts (direct damages on economic production and social welfare) must be taken into considera-
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tion. This constitutes the background for further considerations about managing the greenhouse 
effect The assimilation and damage functions can be introduced into an intertemporal economic 
analysis. 

The next step is to determine the appropriate carbon tax as a shadow price of the global allocation 
problem, and to derive economic interpretations of the tax. The first question to be analyzed pertains 
to what exactly should be taxed. In other words, the question is: What should individuals and firm? 
be charged for by a carbon tax? To this end, the economic reason for taxing GHG emissions will 
be explained, and the problems of valuing global atmospheric resources and determining the 
appropriate carbon tax will be illuminated. To this end, a simple intertemporal allocation model 
considering the above examinations is applied (cf. equations 3.1 to 3.5, and Appendix 3A): 

maximize \ e-"\U(Y{t)) - D(S(t))}dt 
o 

subject to 5(f) = E{Y{t)) - Z(t) - A(5(f)) 

and Y(t) = / ( F K ' W ) ) - <KS(')) 

ZW = S^zOUzO)) 

with 5(0) = 5o, Fy(t) + FAt) < JZ{t), Lyifi + LAt) < L^(t) (3.6) 

The objective of the model — widi r denoting the social discount rate — is to maximize the net 
present value of social welfare that is earned by consuming economic activities and injured by the 
stock of "pollutants" (CO2 and other greenhouse gases). The latter is accumulated over time because 
of the continued emission of GHGs into the atmosphere, E(t), which are presumably expressed in 
terms of equivalent carbon contents. These emissions are by-products of aggregate economic 
activity, Y(t), produced by employing fossil fuels, Fy(t), and labor, Ly(t). They can be reduced by 
means of abatement activities, Z(f), using the factor inputs F^t) and L^t), and by natural assimila
tion, A(5(f)), unless the assimilative capacity itself is impaired by the stock of "pollutants". The 
latter function is assumed in this model to have a concave form as drawn in Figure 3-2 and equation 
(3.5). Due to the shape of this function, the validity of the model is restricted within the interval 
(0, Sf). In other words, the analysis does not go beyond maximum atmospheric pollution 5*. At this 
level the global ecosystem would be totally destroyed, i.e. the global climate system would collapse. 
It can reasonably be assumed that beyond this (theoretical) level 5* there would be no more life on 
earth and no economic activity. Accordingly, this cannot be subject of environmental economic (or 
ecological-economic) analysis. 
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The analysis of such an intertemporal global allocation model of GHG accumulation (see Appendix 
3 A) shows that the rate of the global carbon tax is non-negative, and that it must equalize the shadow 
prices of pollution (stock of GHGs), emissions (flow of GHGs into the atmosphere), abatement of 
GHGs, and natural assimilation of them. Accordingly, we can interpret the Pareto-optimal carbon 
tax (or GHG-tax) as follows: 

(1) The carbon tax is a charge for internalizing external costs that arise due to the emission of GHGs. 
Since these costs are a function of global GHG accumulation, and damages are internationally 
discriminating, the carbon tax aims at internalizing inter gene rational and international exter
nalities. The latter type of externalities is not shown in our model, which does not distinguish among 
different nations. The former type is formally taken account of the time path of the tax rate. However, 
the tax does not allow for intergenerational and distributive justice as long as the objective is Pareto 
optimality alone.10 

(2) The carbon tax can also be considered as "factor price" for GHG emissions (negative input factor, 
by-product of fossil fuels etc.) and for the use of natural services (see below). Accordingly, the 
carbon tax might be a charge on GHG emissions or related factor inputs. 

(3) The carbon tax is furthermore the "price" for industrial abatement of GHGs. Since it is aimed 
at generating incentives for investing in new technologies and abating GHG emissions, it equalizes 
the shadow price of GHG emissions and abatement activities, on the equilibrium time-path. 

(4) The global carbon tax finally represents an "artificial price" for the natural assimilation of CO2 
and other GHGs. This "price" is not and cannot be determined on conventional markets. It is the 
"price" for a global environmental service that is provided by the atmosphere, oceans and biosphere. 
As a consequence, the optimal carbon tax rate must be determined globally and might not differ 
between nations and individuals.11 

In conclusion, the global carbon tax makes allowance for uie fact that natural assimilation of GHGs 
is no free good. It is not only aimed at internalizing intergenerational and international externalities 
(welfare economic foundation; microeconomics) and generating incentives for reducing GHG 
emissions (environmental policy) but should also carry information about the limitation of global 
assimilative capacity with respect to these gases (ecological-economic foundation; environmental 
macroeconomics).n 

10) Distributional aspects are considered in chapter 4, which is devoted to the problem of using the revenues generated by 
a national carbon tax. The international aspects are tbe subject matter of chapter S. 

i 1) However, there are otuer reasons than efficiency for determining national carbon taxes instead of this unified global 
carbon tax. This is subject to further considerations in this report. 

12)Cf. PiUet et al. (1992), Friend (1990), Daly (1991). 
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As a result of the above allocation model, we can determine the optimal tax rate at a given time t as 
follows (see also Appendix 3A): 

T(r) = t(S(fl) = 
mdc(S(t)) + i(S(t)) 

r + A'(S(t)) 
(3.7) 

with the marginal economic damage costs 

mdc{S{t)) = D\S(t)) + XHOf (5(0) (3.8) 

The latter is the sum of the marginal direct welfare loss (value of social damage, D'(S)) and the 
marginal value of impaired economic production (value production loss, XytyXS)). These are 
functions of the GHG stock which again is a realization in time. 

The significance of the tax determined in (3.7) is to direct the system form the starting conditions 
(to, S0) at time t = 0 towards the steady state (x*, S*), i.e. the long-term welfare maximum that is 
assumed to be obtained at infinite time. This is drawn in the phase-diagram of Figure 3-3, with Sb 

denoting the threshold level of damage from global GHG accumulation.13 

i/s=o 

s, s 

Figure 3-3: The steady stale and optimal lime-path of the global carbon tax 

13)Tbis is either 5j or So as drawn in Figure 3-1. 
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As mentioned above, the objective of the tax is to control the atmospheric concentration of CO? an*, 
other GHGs, and thus, to control global warming and the corresponding impacts. Accordingly, the 
optimal carbon tax should produce incentives for directing the economic system under consideration 
of global GHG accumulation towards the steady state.14 To do this job the tax rate must reflect the 
present value of the marginal overall period damage costs generated in time r, i.e. 

mdc(S(t))/[r+A'(S(t))] , 

plus the corresponding discounted intertemporal adjustment term that could be called the "marginal 
intertemporal external cost" (cf. Hediger, 1991a: ch.8) 

x(5(r))/[r+A'(5(r))] . 

The choice of the social discount rate r is of paramount importance for determining optimal climate 
policy and the appropriate tax rate. But, our results also show that the discount rate must be extended 
by the ecological damage term A'(5(0). The appropriate "extended discount rate" is 

o(5(/)) = r + A\S(t)) (3.9) 

It can also be called "C02 discount rate", "GHG discount rate", or "ecological-economic discount 
rate". It is dependent on the marginal assimilative capacity (negative term of "marginal ecological 
damage", med) and the long-run social discount rate r.is By considering equation (3.4), it can also 
be written as follows: 

<T(S(/) = r - ¥(S(0) = r - med(S(t)) (3.10) 

A fundamental fact is that the greater the marginal ecological damage (med) accrues, the lower the 
"ecological-economic discount rate". 

Consequently, in the presence of "stock pollutants" — such as GHGs — optimal management of 
the environment requires discounting for time, both as a reflection of social time preference and the 
"state of the environment". Since the latter is represented in our model by the marginal assimilative 
capacity, a function of GHG accumulation, the "extended discount rate" is not constant over time. 
On the contrary, it is a function of the GHG concentration which is a realization in time. The aim 
of the carbon tax is to control this concentration. 

14)For simplicity, tbe assumption here is that there is a unique steady state solution 

15)Markandya and Pearce (1991) as well as Lind et al. (1982) give a good overview to the problem of determining the 
social rate of discount. For tbe interpretation of (he "extended discount rate", see also Nordhaus (1982) and Hediger 
(1991a: ch.8). 
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The optimal time-path of the carbon tax under alternative initial GHG concentrations is determined 
by the canonical equations 

x(i) = T(/)-[r + yi'(5(»))] - mdc(S(t)) (3.11) 

and 

5(f) = E(Y(t)) - Xt) - A(S{t)) (3.12) 

If the following steady state conditions 

T = 0 and 5 = 0 (3.13) 

are fulfilled, then the long-term optimum Oong-term welfare maximum) is obtained, and all relevant 
variables of the system no longer change. This is illustrated in Figure 3-3 by the intersection of the 
t=0 curve and 5=0 curve at point P(T* , 5") which is asymptotically achieved in this type of model 
with time towards infinite. The phase-diagram shows that the optimal time-path for a given initial 
stock of "pollutants" is theoretically located in areas I or HI. Only in these two areas does there exist 
a stable path towards the steady state point P, but not in areas II and IV. 

In addition, the solution is characterized by a pole that is determined by the "extended discount rate" 
[r+A'(S)] going towards zero at the stock 5#. As a consequence, the relevant range for managing 
environmental pollution is restricted by the interval (0, 5#). Hence, any rational environmental 
policy must start before the stock of "pollutants" exceeds the critical level 5#. 

With respect to global warming, this is not the major problem, in as far as it is assumed that the 
process is still in area I. This assumption can be held at least as long as no damages accrue due to 
the atmospheric accumulation of C02 and other GHGs. Consequently, the optimal carbon tax rate 
must progressively increase with any further accumulation of GHGs. But, the greater this stock 
becomes before an efficient global carbon tax is introduced, the higher the tax rate must be in the 
starting period. The goal of the Pareto optimal carbon tax is simply to guide the whole system 
towards the steady state. 
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3.4 Towards a "sustainable development": 

considering irreversibility under uncertainty 

Up to this point, the results are due to the normative framework of Pareto optimality. They can be 
considered as deiermining the so-called "first best' solution which can be supported under very 
restrictive assumptions: 

"Unless there is substantial asymmetry in thi structure of the costs or benefits, or in the way in 
which uncertainties are resolved over time, we should act now on the best guess (or certainty 
equivalent) basis" (Nordhaus, 1982). But especially the greenhouse problem is characterized by 
such asymmetries that result from both irreversibility and uncertainty. Hence, an alternative 
framework to the one using Paretean value judgments is required. 

Irreversibility and uncertainty must be considered, especially in analyzing the challenge of global 
wanning. This becomes a serious problem if the accumulation of "pollutants" (here GHGs) and/or 
the destruction of the assimilative capacity are considered as potentially irreversible (cf. Pillet et 
al., 1992). For this reason, a so-called second best approach, describing a sustainable use of the 
global assimilative capacity of greenhouse gases, is designed in this subsection. 

Even if there is consensus among scientists about the greenhouse effect and global wanning, there 
is huge uncertainty about the local impacts that, in addition, could occur within a range of surprise 
(cf. Pearce, 1991). This makes the assessment of a Pareto-optimal GHG control policy very difficult, 
if not impossible. This problem becomes even more serious if the impacts from global warming are 
irreversible. Consequently, managing global warming becomes a global and long-term problem of 
decision-making with irreversibility under uncertainty. 

In general we consider a decision irreversible when it reduces future possibilities of choice for a 
long period of time (Henry, 1974). This gives rise to a quasi-option value the decision-maker gains 
by delaying an irreversible decision of which the future consequences are not known with certainty 
(Piliet zt al, 1992). The fact is that irreversibility introduces asymmetry because of the binary-choice 
of developing versus preserving an ecosystem. On one hand, we can decide for developing an 
ecosystem today. In this case, we would preclude the possibility of acquiring more information about 
the future consequences of this d-, /elopment. On the other hand, we can decide for preserving it 
and keeping the possibility of getting new information. This would make us aware of what we would 
have lost in choosing the development alternative. 

The major result of Krutilla and Fisher's (1985: 75-76) "analyses of intertemporal conflict and 
uncertainty with respect to the use of a natural environment is that it will be efficient to proceed 
very cautiously with any irreversible modification." Moreover, they emphasize that "if 'irreversible' 
is identified with 'destructive,' the implication of the analysis of irreversibility under uncertainty is 
similar to that of the assignment of property rights to the nondestructive uses." One emerging 
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question is henceforth on how to apply this major result of Krutilla and Fisher and how to account 
for irreversibility under uncertainty with respect to the challenge of global warming. How can we 
describe the nondestructive use of global atmospheric and climate resources? 

There is consensus among scientists that equivalent C02 concentration in the atmosphere should 
not exceed a maximum level of approx. 560 ppmv which corresponds to doubling the pre-industrial 
CO2 concentration (TPCC, 1990; Gassmann, 1991). First, we can interpret this equivalent CO2 
concentration in the atmosphere as the threshold level of economic damage due to global temperature 
increase. This can be denoted by the global GHG stocks SD and Sd respectively (cf. Figure 3-1). 
Second, we can interpret this maximum concentration as an indicator for the maximum stock of 
GHGs (C02 equivalents) that does not entail unacceptable damage to global ecosystems. In terms 
of the concept of assimilative capacity this is denoted by Sm (cf. Figures 3-2). Hence, for the 
achievement of sustainable development the equivalent stock of global atmospheric "pollutants" 
should not exceed the equivalent C02 concentration of 560 ppmv in any period of time (cf. Hediger, 
1992). This must not necessarily imply that no climate change, or no increase in global mean surface 
temperature is acceptable. On the contrary, a suitable policy should rather be aimed at reducing the 
likelihood of catastrophic events. This could be achieved by controlling atmospheric GHG con
centrations below a maximum critical level, as the IPCC proposed. 

This gives rise to a "new" normative framework considering a global sustainability rule that is either 
characterized by the maximum stock of GHGs that does not entail ecological and economic damage: 

5™ = mm[Sm,Sd,SD] (3.14) 

Alternatively, the maximum stock should be predetermined which would restrain damages within 
an acceptable range: 

S„ux = Si : £>(S4) < D\ , #5,) < <ft and A(S5) < A| (3.15) 

whereas D\, ̂ JandAJ denote the acceptability levels with reference to welfare, production and 
ecological damage. 

From this perspective of sustainability, the total opportunity ccst of global climate change is the 
sum of the costs the global economy must bear for abating "excessive" GHG emissions over the 
long-run. These costs are the present value of the sum total of welfare losses, AU(Y(t)), due to forgone 
economic activities and additional costs, AC(Z(t), Y(t)), of controlling GHG emissions ("abatement 
activities"). These two components of social costs are formally given by 

Aumt)) = umm - iroo) 
with V>0, U"<0 (3.16) 

and 
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AC(Z(r), Y(t)) = C(Z(t),Y(t)) - Q>(0,?o(») 

= T(Z(0lz(0=Z(y(r))) + Co(0,nt)) - Q£0,Ut)) 

= T(Z(r)|z(0=Z(y(/))) + AG£Y(t)) 

with r > 0 , r ' > 0 , Q ' > 0 , Q " > 0 (3.17) 

Fo(f) denotes the initially desired ("ecologically unconstrained") activity level, and Y(t) denotes the 
economic activity level that results when abatement activities to the extent of Z(r) are undertaken, 
whereas the latter is a function of the aggregate activity level and sustainability constraint. To bear 
in mind global demand of economic activities, U(.), is considered as the formal representation of 
a global social welfare function.16 Correspondingly, T(.) and Q>(.) are the global abatement and 
"pure" production cost functions, respectively. So we can distinguish between the abatement (or 
control) cost as function of abatement (or control) activity at a given level of economic activity on 

rqQ = C(rt) - Co'OQ 

Figure 3-4: Determination of (be optimal, sustainable activity level at time t 

16)Tue existence of such a global function is a very daring assumption. Nevertheless, on this level of abstraction, it is a 
useful simplification for modelling the allocation problem with respect to the challenge of managing global wanning. 
It is a helpful tool in emphasizing the importance of changes in social welfare. For further developments of a global 
allocation model this must be very cautiously allowed for (cf. Hediger and Corbaz, 1992). 
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the one hand, and the "pure production cost" which includes no pollutant abatement costs, on the 
other.17 Finally, ACo(.) denotes the savings of "pure" production cost due to the reduction in the 
level of economic activity (cf. Figure 3-4). 

Under irreversibility and uncertainty, the objective of managing global warming is no longer Pareto 
optimality but sustainability at least-cost. This can be represented by an alternative allocation model 
of minimizing global opportunity cost of GHG accumulation under global sustainability constraint: 

oo 

minimize je-"[MJ{Y{t)) + AC(Z(t), Y(t)) + D(S(t))]dt 
o 

subject to S{t) = E(Y(t)) - Z(t) - A(S(t)) 

S(0) = S0 , S(t) < S ^ (3.18) 

The term, D{S(t)), in the objective function accounts for the fact that, even under a global 
sustainability constraint, it cannot be assumed that no damages result from the increased greenhouse 
effect Even if the pre-industrial, atmospheric CO2 concentration is doubled, ecological and 
economic impacts will accrue, as most of the recent estimates on damage costs of global warming 
demonstrate. 

The modified optimization problem for time t, is illustrated in Figure 3-4. The two curves C0'(Y) 
and C(Y) show the marginal cost of producing economic activity with and without restriction on 
GHG emissions, respectively. Global demand for economic activity is represented by the marginal 
social welfare curve lf(Y). Even though the existence of such a global welfare function is a very 
daring assumption, it is used only to simplify the formal and graphical representation of this global 
optimization problem. Hence, it must be subjected to further specifications (see chapter 4). The 
optimal activity level, 1̂ , is determined by the intersection of the lf(Y) and C(Y) curves (point P 
in Figure 3-4). It is below the "unconstrained" activity level, Y0. 

Within the global sustainability framework, the optimal rate of the global carbon tax is determined 
by the marginal cost of abating GHG emissions at the optimal activity level, Y\(t): 

T;W = nm I r= (̂r)) = n^w) 0.19) 

In Figure 3-4, this is illustrated relative to the activity level. The tax rate is graphically determined 
by AP. This appears synonymously to the definition of marginal external cost, as the difference 
between the social and private marginal costs. But the social and external costs are defined here in 
terms of the applied sustainability framework. Thus, the cost difference is no longer defined within 
the Paretean framework, and the tax rate is therefore (in general) not equal to the Pigovian tax for 

17) Alternatively, abatement and control activities can be considered as tbe indirect effects of substituting renewable energy 
sources for fossil fuels, etc. 
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internalizing externalities. In contrast, it is related to the pricing-and-standards approach as 

proposed by Baumol and Oates (1971) for protecting the environment. The appropriate policy is 

characterized by the maximum sustainable C02 equivalent concentration of GHGs in the atmosphere 

and the corresponding "price" required for directing the global system towards a long-term 

sustainable optimum. This concept o' global efficient and sustainable climate policy is principally 

open to new information from the scientific, technological and economic sides. This appears to be 

an advantage of the proposed pricing-and-standards approach for managing global warming. Yet, 

the determination of a carbon tax is still complex, since it must be assessed in a changing world. 

There are still dynamic aspects such as technical progress and population growth to be addressed. 

The dynamics of technical change are the subject matter of the next section, whereas the impacts 

of population growth are not discussed in this report. 

3.5 The carbon tax and technical progress 

Up to this point, uncertainty has been considered only with respect to GHG accumulation and 

corresponding damage. Yet, uncertainty is also typically assigned to technical progress and the 

impacts upon technological change that may be induced by a carbon tax. Since environmental 

taxation in general effects the investment behavior of the firms, and thus the innovation of new 

technologies, the related uncertainty must be considered in an appropriate form by environmental 

policy makers, and correspondingly be accounted for in the analysis. To this end, the dynamic impact 

of the rate of technical progress on the optimal rate of the carbon tax is discussed in this section. 

Sustainable management of global warming means managing the atmosphere as a sink for GHGs 

and thus, as a natural service to the global economy. This requires investment in technologies using 

less fossil fuels and producing less GHG emissions. Accordingly, sustainable development is related 

to a process of substitution among technologies. This is a function of technical progress which can 

be considered either as autonomous or induced by the carbon tax. As far as the authors know, no 

model really exists that can endogenously explain technical progress. No theory of induced technical 

progress exists yet. In contrast, so-called "vintage approaches" generally describe technical progress 

as a dynamic process of innovation and diffusion in the sense of a pufiy-clay model. Technical 

progress i.-, thereby generally seen as completely embodied and exogenous (cf. Stoneman, 1983: 

113). In this case each technology ("vintage") is characterized by fixed input-output relations and 

fixed factor input ratios. Hence, a production function can be characterized in a vintage model by 

one single input factor (capital or fossil fuels etc.), and by a technology index (cf. Hediger, 1991a: 

ch.10; Hediger, 1992). In each time period, the carbon tax is then determined by the marginal cost 

of the marginal GHG abatement technology required for fulfilling the transversality conditions of 

the dynamic optimization problem. 
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Technical progress can formally be described by a dynamic term in cost and/or production functions. 
In a very simple form, this can be characterized by a constant rate of technical progress, A, in the 
abatement cost function: 

r(ZM,«) = e-^UiZit)) (3.20) 

In this case, the "optimal" tax rate would be determined as follows: 

x(t) = ViAtXt) = e^ToiKt)) (3.21) 

whereas the optimal time-path is given by the canonical equation 

t(r) = rx(t) (3.22) 

If technical progress is not considered in cost and production functions, then the tax rate must 
intertemporaly increase at a rate r+h that is equal to the sum of the social discount rate r and 
technical progress rate h:u 

Xo(r) = (r + /j)ib(f) (3.23) 

with 

To« = e*-x(t) (3.24) 

Thus, in order to control environmental pollution in the long-run, it is essential to know whether 
and in which form technical progress has been considered in the analysis, since it can have grave 
consequences on policy impacts if the carbon tax is not properly assessed. If, for instance, the 
expectad rate of technical progress is much less than the real one will be, then the tax rate assessment 
is too high. The consequence then is that the impact of the carbon tax on induced technical progress 
in particular is too strong. There would be not enough money for research and development (R&D) 
of new technologies. 

It is the basic idea A the carbon tax to produce incentives for investing in cleaner technologies, i.e. 
in technical progress by means of investment in new capital and in R&D activities. Both types of 
investment require financial means that are no longer available for other economic activities 
(opportunity cost of technical progress). On the other hand, the carbon tax also skims money from 
economic agents that would be required to finance investments and R&D activities. This leads to 
welfare losses because of reduced consumption opportunities in the long-run. 

18)In the context of economic growth theory, the discount factor must also be adjusted for projected economic and 
population growth (cf. Nordhaus, 1991; Barrett, 1991). 
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The problem is thus how to appropriately account for technical progress in the assessment of the 
carbon tax. If a relatively high rate of technical progress can be expected for the future, then the tax 
rate in the terminal period must be lower in comparison to cases with low rates of technical progress. 
In addition, the intertemporal increase (time path) of the tax rate must also be lower if the carbon 
tax as such produces positive impacts on technical progress. 

Because the system reacts very sensitively to the rate of technical progress, and the latter is, at least 
over the long-run, hardly predictable, it is recommendable that the carbon tax be calculated for only 
a restricted time period. This period should be maximum 10 to 15 years, which allows only to 
consider the innovation and diffusion of already developed and fairly good foreseeable technologies 
(cf. Spreng and Hediger, 1987:195). This adjustment of the calculation procedure is basically aimed 
at ensuring an intertemporally efficient allocation of GHG emissions and abatement technologies, 
at first bearing in mind a "foreseeable" time horizon, and only thtn the long-term management of 
global warming. Accordingly, such temporally restricted calculation requires the formulation of 
intermediate constraints on global GHG accumulation consistent with the long-term sustainability 
rule. 

3.6 From global to national climate policy 

So far, this report has focused on a global carbon tax. It is known from economic literature that a 
national carbon tax would be lower than an optimal global tax, and global pollution would be higher 
in the former case than in the latter (cf. Van der Ploeg and De Zeeuw, 1992). The reasons are the 
short time horizon of governments and insufficient perception of future climate changes, as well as 
the neglect of global economic and ecological impacts. As a consequence, global warming cannot 
be controlled by a single country. However, national actions are required. In fact, as global 
phenomenon, managing the greenhouse effect calls for international cooperation and coordination 
of national environmental policy. Correspondingly, the aim of this study is not only to design the 
optimal global policy, but also to illuminate ecesarry conditions for starting an effective interna
tional cooperation based on a system of national carbon taxes. It is particularly aimed at assessing 
a carbon tax for Switzerland. This first requires the description of an analytical framework consistent 
with the global dimension of the problem. Therefore, the international rationale of managing global 
warming must be briefly introduced. It will be further discussed in chapter 5. 

To design the conditions for a suitable "national climate policy", a few fundamental characteristics 
of the problem should be considered. First, managing global commons such as our climate system 
is not only a question of efficiency and sustainability but also of international distribution and 
development Second, on the global scale, agreement and cooperation is a necessary prerequisite 
for controlling climate change. Hence, the challenge of managing global warming is to find a 
solution that can be accepted by all countries. This could result in a set of "national climate policies" 
which together are sufficient for global sustainable development. Such a network of national 
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"climate policies" and related emission controls provides room for bilateral or multilateral bargain

ing, and thus for gains from trading "pollution rights" and/or abatement activities (cf. Hediger and 

Corbaz, 1992). 

The basis for this chapter is the implicit assumption of a global agreement designing the initial 

distribution of "carbon emission rights" among nations. This distribution determines a scaling factor 

for the assessment of a national carbon tax for each country. The negotiation of an international 

GHG agreement and the analysis of related impacts will be considered in chapter 5. 

The point is that national emission or reduction goals — whether globally determined or not — are 

generally inefficient They are neither Pareto optimal nor cost minimizing on the global scale. The 

new objective for any efficient national climate policy should be primarily cost minimizing. 

Secondly, it should open room for international bargaining (bilateral or multilateral) to reduce global 

inefficiencies and for jointly fulfilling the global GHG emission goals at lower cost for each country. 

The initial distribution of national emission goals (restrictions) along with bargaining procedures 

should finally lead to the global sustainable development described in the above subsections. The 

corresponding national GHG reduction goals represent each nation's part in conjointly meeting the 

challenge of global warming. The main questions which arise in this context are as follows: 

(1) Scientific assessment. Intertemporal objectives (benchmarks) for GHG reduction that are 

consistent with global sustainable development must be determined on a scientific basis. 

(2) Distribution of "emission rights": Alternatives for the initial distribution of emission rights or 

commitments to reduce GHGs among different nations, as well as the criteria for acceptable 

commitments must be developed. 

(3) Cost assessment: National opportunity costs for different GHG reduction scenarios must be 

calculated. This aims at determining proposals for national carbon taxes and possibilities for 

international bargaining of abatement activities. 

The related question arises, whether to consider different GHGs (expressed in terms of "global 

warming potentials", GWPs)19 or exclusively CO2 emissions. Theoretically, it is evident that all 

GHGs should be included in the analysis, but for practicality's sake it seems appropriate to reduce 

them to C02 and other energy related GHGs. This pragmatic approach could be extended by 

including CFCs (chlorofluorocarbons). This means that the use of CFCs would not only be regulated, 

it would also be taxed according to their global warming potentials. 

19)Sce chapter 2 



38 Assessing a Carbon Tax 

Once the cumulative constraints of the "relevant" GHG emissions are predetermined, then the 
national carbon tax can be calculated. For this assessment, a national optimization model can be 
applied that is basically characterized as follows:20 

T 

minimize \ e-"[AU(Y(t)) + T(Z(r), r) + ACo(Y(t), t)\dt 
o 

subject to Q = E(Y(t),t) - Z(t) 

Q(0) = 0 

a) Q(7) < iV or 

b) a(T.) < Q with Ti = TuT2,...,T (3.25) 

For a given (set of) cumulative emission constraint(s) Q r (or Qi). the objective is to minimize the 

nation's opportunity cost over the time interval [0, T]. Here, Q(7}) denotes the nation's cumulative 

GHG emissions from time 0 to /: 

r< (3.26) 
CUTd = j[E(Y(t)) -Z(t)]dt 

o 

The optimal rate of the national carbon tax is thus given by the following equations: 

x„(r) = r(Z(t),t) (3.27) 

and 

lf(Y(t))- Q>'(Y(t),t) (3.28) 
t„(0 = WM.0 

At any period of time, the national carbon tax rate x„ must, on the one hand, be equal to the marginal 
abatement cost P , and on the other hand, it must equalize the difference of marginal welfare and 
pure production cost of the economic activity level divided by the corresponding marginal GHG 
emissions. The optimal tax rate is not constant in time. It must intertemporally increase at a rate 
equal to the social rate of discount: 

x„W = r-c(0 (3.29) 

20) For simplicity, it is assumed that no damages result from global warming within the examined period. 
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Essential for a suitable calculation of the carbon tax is the consideration of both supply (cost) side 

and the demand side of the whole economy. This inevitably calls for a broader modelling framework, 

such as a macroeconomic model or computable general equilibrium model to account for the major 

economic impacts that will arise from a national carbon tax.21 Of particular interest will be the 

macroeconomic impacts, structural change, distributional incidence, and consequences for interna

tional trade. This determines the questions discussed in the subsequent chapters. 

3.7 Conclusion 

The challenge of global warming caused by the atmospheric concentration of CO2 and other 

greenhouse gases constitutes an intertemporal and international allocation problem. The dynamic 

aspects of this problem are basically analyzed in this chapter, both on a global and national level. 

The international dimensions and interactions are the subject matter of chapter 5. 

The oialysis in this chapter shows first that a global carbon tax would be the most efficient 

instrument for managing global warming. It would basically be aimed at internalizing intergenera-

tional and international externalities from global warming by suitably charging for GHG emissions. 

It provides an incentive to reduce GHG emission, i.e. to invest in abatement and control technologies 

and fuel substitution. And it represents an "artificial price" for the use of global environmental 

services provided by the atmosphere, oceans and biosphere for partly assimilating CO2 and other 

GHGs. 

Theoretically this instrument has both micro and macro economic foundations. The latter are of 

fundamental importance within a framework of sustainable development which, in general, does 

not lead to a pareto-optimal solution. The macro economic approach is rather aimed at globally 

minimizing the opportunity cost of avoiding undesirable damages or minimizing the likelihood of 

catastrophic events arising from GHG accumulation. This is initially founded on managing global 

ecosystems under irreversibility and uncertainty, and calls for the predetermination of an acceptable 

set of atmospheric GHG concentrations, such as proposed by the IPCC. 

Second, in assessing a carbon tax, the dynamics of technical progress, which can be both autonomous 

or tax induced, must be accounted for. Because of the problem of imperfect foresight in this concern, 

a carbon tax should be assessed for only a relatively restricted time period of 10 to 15 years. This 

appears at first sight as non-compatible with the long time scale of the greenhouse effect (cf. Cline, 

1991), however, when the capacity constraints in the industries are suitably taken into account, it 

provides the basis of a pragmatic approach towards the assessment of a carbon tax proposal. This 

21)Tbe problem of linking an energy allocation model for Switzerland with a general equilibrium framework has been 
discussed by Kypreos (1992). 
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approach inevitably calls for the fixation of some interim GHG emission levels or reduction targets 
consistent with the long-term sustainability goal, and also for sensitivity analyses with different time 
horizons. 

Within such a framework, national carbon taxes can easily be determined when the emission targets 
are suitably shared among the nations. This must then be embedded in the network of an international 
climate convention such as discussed in chapter 5. 

Finally, it appears that the consequences of a national carbon tax must be analyzed within a broader 
macroeconomic framework. This should be aimed at analyzing questions about distributional 
incidence, structural change, effects on other production factors such as labor and capital, nuclear 
and hydro power generation, as well as consequences for international trade, economic growth, 
general taxes, social welfare, and environmental quality. In particular, there is the question of the 
costs and benefits of GHG control in a small country like Switzerland with its low CO2 intensity 
("C02-efficient energy system"). In this context, the incidental benefits of GHG control in the form 
of reduced "conventional" air pollutants, transport accidents, etc., and the profit of participating in 
an international environmental agreement on GHGs must also be taken into account The latter 
question is theoretically analyzed in chapter 5. But first, some fiscal, distributional and macro-
economic aspects with special reference to the use of the carbon tax revenues should be discussed. 
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Appendix 3A: 

A simple model for designing a global carbon tax 

In order to determine the optimal global carbon tax, one can refer to the optimal control problem as 
drawn in (3.6) above:22 

maximize je-"[U(Y(t)) - D(S(t)j]dt 
o 

subject to S(r) = E{Y(t)) - Z(t) - A(S{t)) 

S(0) = So 

and Y(t) = fiFyitlLyit)) - O(S(0) 

m = gWALM) 

FAt) + Fz(t) < F^t), LM + L^t) < L^it) 

with ir>o,ir<o,D'>o,ir>o 

F > O , £ " > O , Z , > O , Z " < O 

A'(SM) 
> 0 for0<5<5m 

= 0 for S = Sm and A"(S{t)) < 0 
< 0 for5m<5<5 t 

/ f > 0 , fFF<0, fL>0, fu<0, <(>'>0, f > 0 

gF>0, gFF<0, gL>Q, gu<0 (3A.1) 

This dynamic optimization problem can be reduced to a set of static ones for any period of time 
(t = 0,..., <»). The pertinent Lagrangian function in current values is then:23 

A = U(Y) - D(S) + \i[E(Y) - Z - A(S)] 

- Xr[Y - f(FY,Lr + WW ~ WZ - f(Fz,Lz)] 

- XrlFy + Fz - F„^\ - XL[Lr + U - L^ (3A.2) 

Assuming an interior solution, this results in the following optimality conditions for the shadow 
prices "ky ,"kz ,\F ,XL, and -\i: 

22)For an overview on tbe use of optimal control models in environmental economic literature (witb reference to tbe 
greenhouse effect): cf. Cesar(1991). 

23)For simplicity, tbe time indues are not represented bere. 
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IT = Xr - VET (3A.3) 

Xz = - j i (3A.4) 

XF = XrfF = XTgF (3A.5) 

*L = V/i = Irgi. (3A.6) 

-\i= -\i-(r + A') + D' + XrV (3A.7) 

The negative value of the costate variable, u., can be interpreted as the optimal rate of the global 
carbon tax: 

T = -\i (3A.8) 

It is determined by the present value of the marginal damage cost caused by atmospheric GHG 
accumulation: 

D' + Xr<t>' + t (3A.9) 
x = 7TX'— 

In addition, it must equalize the marginal abatement, or control cost 

x = Xz (3A..0) 

and be internalized for correcting economic production and consumption towards less polluting 
activities 

If = Xr + x £ ' (3A.11) 

This determines the Pareto-optimal solution to the problem of global pollution in general and of 
global warming in particular. Yet, Pareto optimality does not constitute the only possible normative 
framework for assessing a global carbon tax. An alternative framework, aimed at minimizing the 
global opportunity cost of achieving sustainable development, is designed in section 3.4. It would 
formally be characterized by an additional sustainability constraint in the optimization model 
(3A.1): 

S(t) < S^ for all t (3A. 12) 

whereas S^ denotes the maximum sustainable stock of pollution, as an equivalent to the maximum 
sustainable atmospheric GHG concentration. This maximum "stock", or concentration should not 
be exceeded within any period of time ("environmental sustainability"). Global economic develop
ment must then accrue under this environmental constraint National development will correspond
ingly be determined within such a framework. However, it can be subject to international negotiation 
processes (cf. Hediger and Corbaz, 1992). 
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4 The Economic Rationale for the 
Use of Carbon Tax Revenues 

Up to this point, the carbon tax has been analyzed exclusively under the perspective of allocation. 
Tax revenues and distributional consequences have not been considered. However, besides the 
regressivity of a carbon tax across income groups, a national carbon tax naturally procures revenues 
to the public hand. In fact, it must be assumed that in developed countries any effective carbon tax 
would bring enormous money income into the public treasury. Although there is no generic 
connection between carbon taxes and general taxes, this can be used for reducing the government's 
budget deficit, to increase its expenditures, or to reduce general taxes. Hence, even if the tax revenue 
is not earmarked for any predetermined intention, it is source of macroeconomic impacts (cf. 
Poterba, 1991). A central issue in this regard is the disposition of carbon tax revenues by the public 
hand. Consequently, this section is aimed at analyzing alternative uses of the tax revenue from both 
an efficiency and distributional perspective. 

As shown in the previous section, the basic economic rationale for instituting a carbon tax, like that 
of any other pollution tax or charge, is to impose an artificial price on emissions (here: C02 and 
other greenhouse gases) that arise from economic activities. Such a t x can generally be interpreted 
as a price for the use of the environment (here: the atmosphere) as recipient and assimilator of wastes. 
As such, the carbon tax should give a basic signal (price incentive) to the market system, harnessing 
it on behalf of environmental protection. Under these circumstances, a carbon tax, like any system 
of "environmental taxes", generally should be set by environmental objectives, not by revenue 
considerations (Oates, 1988). The level of tax rates should therefore be determined according to the 
selected environmental policy target which, in this case, is the reduction of CO2 and other GHG 
emissions to predetermined levels.1 For this reason, it should not be a priori related to the general 
government's budget. 

Poterba (1991: 75ff.) has emphasized that carbon taxes have the potential to generate substantial 

revenues for most developed countries. A tax of US$ 100 per ton carbon, for instance, would raise 

revenues of more than 3 percent of the GNP in the United States, about 2 percent in OECD Europe, 

and only 1.15 percent in Japan. Other studies by Nordhaus (1991b) and Whalley and Wigle (1991) 

estimate global tax revenues at about 2 percent and 10 percent of world income, respectively. In 

addition, it has been found for the United States that even a moderate carbon tax of about US$ 50 

per ton of carbon could raise between 50 and 75 billion US$ annually. The same tax might reduce 

the real GNP of the U.S. by only 1 percent annually. But, nevertheless, it would have major 

1) This approach corresponds to the priring-and-standards procedure as proposed by Baumol and Oates (1971); see also 
chapter 3. 
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distributional consequences (cf. Kopp and DeWitt, 1991). For this reason, the efficiency requirement 

of a carbon tax and the impacts on distribution of income and wealth must be simultaneously 

analyzed. This has also been emphasized by Baumol (1986) for public policy in general, and holds 

for any system of environmental taxes (cf. Colby, 1990). A similar approach has been proposed by 

the OECD (1975) with the polluter pays principle, which calls both for efficiency and equity 

requirements. 

In short, the rationale of the carbon tax is not only that of economic efficiency but also of equity 

and fiscal policy. This raises two main, interrelated questions: 

(1) What should firms and individuals be charged for by the carbon tax? 

(2) How should the carbon tax revenues be used? 

The first question was the topic of chapter 3. It will be readdressed here only as far as is necessary 

to analyze the second question, which constitutes the subject matter of this chapter. First, the 

identification of the revenue problem is dealt with on a theoretical basis, and then alternative uses 

of the carbon tax revenues are discussed. Finally, different modelling frameworks for computing a 

tax-compensation scheme are developed. The related question is: How can the distribution and 

budgetary problem be solved without undermining the solution to the allocation problem (at least 

not all too excessively)? Therefore, alternative models for the assessment of the carbon tax for 

Switzerland are briefly compared, and a normative framework for the assessment of a Swiss carbon 

tax is designed. 

4.1 Identification of the revenue problem 

Chapter 3 of this theoretical study is aimed at analyzing the basic economic rationale (efficiency 

criterion) of a carbon tax and at the theoretical determination of such a tax at the national level. 

Emphasis has been put on the significance and implications of the normative framework chosen to 

determine the optimal tax rate. Yet, the tax revenue is implicitly determined within the same 

normative framework as the tax rate. This interdependence is illustrated in Figure 4-1 for the 

Pareto-opumal solution with a Pigovian tax, and Figure 4-2 for the least-cost solution based on the 

pricing-and-standards approach. In both figures, the "optimal" tax rate for reducing pollutant 

emissions and the corresponding tax revenues are graphically represented. 

As mentioned in the above chapter, the choice of the "optimal" level of pollution and "optimal" tax 

rate is inevitably based on value judgements. In other words, the solution of this quantity-price 

problem is characteristic for a particular normative framework, such as Pareto optimality and 

sustainability at least-cost, respectively. In the former case, both activity and emission levels are 

implicitly chosen with the optimal tax rate, so that in the long-run, social welfare should be 

maximized. It is based on very idealistic assumptions, such as perfect foresight, substitutability and 
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reversibility. In die later case, the tax rate is to be assessed such that a predetermined set of 
environmental or emission standards is fulfilled at least-cost for the whole economy. This can also 
be applied on a less perfect system than the one assumed in a Paretean world. In general, these two 
different normative approaches lead to different outcomes. In both cases, "optimality" is charac
terized by a set of shadow prices and quantities (dual of "optimal" tax and "optimal" emission level). 
The Pareto-optimal solution can be considered as a special case of the pricing-and-standards 
approach if the emission standards are occasionally Pareto optimal. This is illustrated in Figure 4-1 
by a comparison of the tax rates required to achieve alternative emission standards. 

Note that in the previous chapter we have argued in favor of the pricing-and-standards approach 
rather than for the Pigovian tax scheme. Nevertheless, with respect to the revenue problem, the 
solutions of the two normative approaches are discussed here again. 

4.1.1 The Pigovian tax revenue 

In the presence of externalities, the Pareto optimal emission and activity level can be achieved by 
levying the Pigovian tax on the polluting activities. As illustrated in Figure 4-1, this would cause 
the economic agents to reduce their activities and corresponding emission levels from Jo and £b to 
the optimal levels Y* and £*, respectively.2 The Pareto optimum is then characterized by the equality 
of the marginal damage cost, mdc(E), and marginal abatement cost, maciEff-E), for reducing 
emissions to any pollution level E<EQ. AS illustrated in Figure 4-1, the optimal tax rate x| is 
therefore equal to the distance £*/*". Since the tax rate is to be interpreted as an artificial price levied 
on each unit of pollutant emissions this would give rise to a tax revenue of the amount i£-£*- This 
is represented by the hatched rectangle in Figure 4-1. It is now easy to see that this tax revenue 
exceeds the total damage cost per period of time indicated by the double hatched area below the 
mdc curve in Figure 4-1: 

f (4.1) 
Xf-£" > J mdc(E)dE 

Hereby Ed denotes the threshold level of damage in the static sense. The optimal emission level 

E\ which should be achieved as result of tax induced incentives, is below the initial level E$ but 

above the threshold level Ed. Total damage cost would be reduced by the amount of 

j mdc{E)dE 
e 

2) For simplicity it is assumed in tbis illustration that social welfare is only affected by the flow of pollutants (emissions 
£"). but not by their accumulation (stock S). For this reason Figure 4-1 shows only the solution of the static allocation 
problem. Toe analytical solution of the dynamic model is shown in section 3.3 above. 
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mdc(E) 

mdc(EJ 

Figure 4-1: The optimal tax rate and tax revenue under tbe Pigovian tax regime, and a comparison 
with the tax rates for achieving alternative emission standards 
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The tax will give an incentive to economic agents to reduce emissions to thj optimum level £*. 
Therefore, the tax must not cover the marginal damage cost at the initial emission level mdc{E^). It 
must only be paid for emissions up to the Pareto optimal level £* < EQ- The Pareto-optimal tax rate 
is thus: 

Tf = mdc(E*) 

The Pigovian tax is equal to the marginal damage cost at the Pareto optimal emission level £*. 

4.1.2 Revenue from the pricing-and-standards approach 

The pricing-and-standards approach was presented in chapter 3 as the most appropriate and efficient 
instrument for the achievement of sustainable development As illustrated in Figures 4-1 and 4-2, 
this is characterized by a predetermined emission standard £8. Principally, this aggregate standard 
can be met in two different ways. First, it can be fulfilled without investments in cleaner tech
nologies, and thus without additional costs on the production side of the economy. To this end, the 
activity level must then be reduced to If, which is not at all efficient (cf. Figure 4-2). The alternative 
is to invest in abatement and control technologies, which is not without cost Yet, it can reasonably 
be assumed that for any activity level above Jf, the marginal control cost, mcc(y| E=E0, to reduce 
emissions to the level Ei (progressively) increases. 

As shown in Figure 4-1, the optimal tax rate tj, coinciding with the pricing-and-standards approach, 

is equal to the marginal abatement cost, mac(E-£{), at the "optimal" emission level E$. With 

reference to the aggregate activity level, as illustrated in Figure 4-2, the tax rate iJ-E^yj) is 

characterized by equality of the marginal control cost ,mcc(YI E=Ek), and marginal net private 

benefit, mnpb(Y). This least-cost condition is met at the optimal activity level Y\, between the initial 

level Y0 and the above mentioned level Y%. 

Since total emissions should not exceed the level £8, the tax revenue going to the "public hand" is 

_ y; *; (4.2) 
z\Eh = x\j E'(Y)dY = mcdfyj PiYydY 

o o 

The revenue is a function of the carbon tax rate and total emissions in the economy after imposing 
the tax. This is illustrated in Figure 4-1 by the rectangle 0£sPjBj, and in Figure 4-2 by the hatched 
area OYsuvb^DB^. This can be explained as follows. 

First, a special case is based on the simplifying assumption is the existence of only two technologies, 
using fossil fuels and solar energy, respectively. The use of fossil fuels is then, presumably, the only 
source of COj emissions, whereas solar energy does not produce any emissions. In this case, it is 
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mcc(Y0) 

x\mr%) 

mcc(Y\E=E$ 

Ei(Y) 

E2(Y) 

Figure 4-2: Tbe optimal tax rate and tax revenue under tbe pricing-and-standards approach 
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optimal to reduce carbon-emitting activities to I^, and subsitute solar energy for fossil fuels to 

produce any activity beyond that level. The carbon tax must then only be levied on the use of fossil 

fuels; i.e., the economic agents will only be charged up to the activity level Y%, but not for solar-based 

activities. Correspondingly, the tax rate is determined by the marginal surplus cost of solar-based 

production at the optimal level FJ. 

Second, for a more general case, a set of differnet technologies is introduced, and the assumption 

is relaxed such that even new technologies can generate CO2 emissions. For any ecologically 

sustainable increase of the level of aggregate economic activity, the economic agents must then 

invest in emission control. This inevitably results in higher marginal control cost A suitable policy 

requires an increasing carbon tax as a function of the marginal emission, which again is dependent 

on the activity level. 

4.1.3 Economic impacts from a carbon tax 

The proposed carbon tax induces a reduction of economic activities to the new, "optimal" level Y\. 

This entails, on the one hand, a loss of social welfare due to forgone activities known in economic 

literature as "dead-weight loss": 

r° (4.3) 
dwl = J mnpb(Y)dY 

This is illustrated in Figure 4-2 by the shaded area r$r*oPj below the marginal net private benefit 

curve (mnpb). It illustrates the net welfare loss consumers must bear in order to sustain the 

assimilative capacity of the environment. As any environmental tax system, a carbon tax effects the 

tax bill itself. As mentioned above, the tax-induced reduction of economic activities goes along with 

less pollutant emissions. It therefore results in a reduced tax bill for the economic agents that are 

obliged to pay the effluent charge. Formally, this is represented by the amount not charged because 

of lower emission levels at the "optimum" (£4 < £0); i.e., 

n 
xl-jem-dY . 

Beside these savings on the tax bill, society benefits from the resulting cleaner environment. In other 

words, it benefits from long-term sustainability of the ecosystem and its functions. In addition, any 

carbon tax produces incidental benefits by reducing "conventional" air pollutants, road accidents, 

etc. 
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Further economic impacts arise from a carbon tax due to the structural changes and adjustment costs 

industries must bear. Even if macroeconomic impacts were more or less moderate, structural changes 

(impacts on industries) and distributional consequences (impacts on households) could rise dramati

cally. One fundamental question is therefore how the economic impacts from a carbon tax could be 

reduced by means of alternative uses of its revenues. This constitutes the topic of the following 

sections. 

4.2 Alternative uses of carbon tax revenues 

There are considerable alternatives for the use of the revenues from environmental taxes in general 

and a carbon tax in particular. Both efficiency and distribution issues must be considered in the use 

of these tax revenues. In fact, not only the collection of environmental taxes but also the use of 

related revenues by public authority effects the distribution of income and wealth, the allocation of 

resources and the general tax system. Even if the carbon tax revenues are not assigned to any 

particular use, they become part of the government's budget and hence influence other taxes. In 

short, efficiency, equity, and fiscal aspects must be taken into account for assessing any system of 

environmental taxes (including a national carbon tax).3 

Principally, it can be said that taxes on pollution do not only offer an effective policy approach to 

protection of the environment, but also a very appealing addition to the revenue system of the public 

hand ("fiscal argument"). Revenues from such taxes could thus substitute, to some extent, for 

revenues from other "harmful" tax sources (cf. Oates, 1988). In other words, a carbon tax can 

substitute for other revenue sources that are based on activities which damage the environment. The 

carbon tax revenue can be used for reducing the general tax bill. In fact, even if pollution taxes 

cannot completely replace major taxes (income and sales taxes) in the public authority's revenue 

system, they can be used for partially reducing general income taxes or sales taxes. It has, for 

instance, also been suggested for the United States that the revenues generated by a carbon tax could 

be used to reduce the federal budget deficit (cf. Kopp and DeWitt, 1991). However, it must be 

emphasized that carbon taxes basically are not thought for such purposes. As shown in chapter 3, 

the rationale is an allocative one: The basic idea of the carbon tax is to produce incentives to firms 

and individuals to reduce GHG emissions, and consequently to invest in "cleaner" technologies. 

This requires financial means that are no longer available for other economic activities (production 

and consumption). It is therefore popular for economic agents faced with extra cost for pollution 

abatement to ask government agencies for financial assistance (subsidies or compensation pay

ments). Accordingly, compensation payments for emissions abatement and control costs can be 

considered as one alternative for the use of environmental tax revenues in general and those arising 

from a carbon tax in particular. This is analyzed below in a modified model for assessing a 

tax-compensation scheme which is fundamentally based on the "efficiency argument". 

3) Designing a system of environmental taxes in a broader ecological-economic context is topic of further research. 
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Fairness and distributive justice can give rise to further arguments on behalf of the assignment of 

the tax revenues. These arguments enclose compensation for damages as well as intra- and 

intertemporal (i.e., social and intergenerational) redistribution of income and wealth. This "equity 

argument" takes into account that both externalities and their control induce distributional conse

quences. To this end, a simultaneous analysis considering both efficiency and equity aspects would 

be required (cf. OECD, 1975; Baumol, 1986). For instance, an overlapping-generation model with 

different income classes could provide a suitable framework for analyzing these aspects.4 

Howarth and Norgaard (1992) concluded that a socially desirable distribution of welfare across 

generations and a social optimum will result only if international transfers are chosen with social 

objectives regarding the proper distribution of welfare in mind. They indicate an opportunity to 

improve social welfare through the reallocation of resources accompanied by appropriate inter

generational transfers. Ethical considerations defining the proper intergenerational distribution of 

welfare must also be taken into account in the assessment of the efficient allocation of resources, 

and finally of the use of related tax revenues. The latter could then provide the financial basis for 

the required transfers. 

With respect to the global dimension of the greenhouse problem, international transfers must be 

considered as additional alternatives for the use of national (or global) carbon tax revenues. They 

can be based on an efficiency argument (technology transfers), an equity argument (economic aid), 

or a combination of both. 

Finally, the above alternatives can be combined in several ways to form a system for the use of 

carbon tax revenues. The different alternatives are presented in the subsequent list: 

a) substituting or reducing major taxes 

/) general reduction of income taxes 

ii) substitution or reduction of sales taxes 

b) compensation of emission abatement and control costs 

c) compensation for damage costs 

d) redistribution of income and wealth (equity) 

/) socially determined transfers (intratemporal redistribution) 

ii) intergenerational transfers (intertemporal redistribution) 

e) international transfers 

i) for investing in cleaner technologies (technology transfers) 

ii) for increasing economic development (economic aid) 

4) However, such a model will not be developed in this report. 
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m)for technological and. economic aid, conjointly 

0 combinations of the above alternatives 

Before choosing an appropriate set of instruments for using the carbon tax revenues, the different 

alternatives must be discussed. For this reason, one should first reconsider that the basic idea of the 

carbon tax proposal as a means of environmental policy is to correct for market-shortcomings 

(externalities) and thus to give incentives for optimally allocating scarce resources.5 The use of 

carbon tax revenues is therefore primarily discussed with the background of economic efficiency. 

Nevertheless, distributional aspects should always be taken into consideration. The fact is that, even 

under the regime of a pure environmental tax, both victims of externalities and payers of the tax 

must bear extra costs (or disutilities). Distributional impacts arise if these costs do not uniformly 

effect all economic agents, be it because of different physical or pecuniary impacts from the 

externality or differences in the income or production levels. Because of these costs and disutilities 

economic agents immediately will call for compensation payments and subsidies. This is in fact 

what can be observed in political discussions on carbon and other environmental taxes. 

Providing compensations and subsidies is not beyond dispute in economic literature. At least within 

the Paretean framework, subsidies to polluters for reducing detrimental externalities as well as 

compensation of victims are suspect measures from the allocation perspective (cf. Baumol and 

Oates, 1988). This provides a straightforward argument for purely charging the use of environmental 

services such as the global assimilative capacity without subsidies or compensation payments. It 

seems therefore to be appropriate to levy a tax on C0 2 and other GHG emissions, directing money 

flows into the public treasury. It is self-explanatory that this looks very attractive to the government's 

budget policy and general tax system. Notwithstanding, there is a fiscal argument against the use 

of environmental tax revenues as part of the government's general budget. Allocative efficiency 

calls for budget neutrality (Musgrave, 1959: 16):6 "The basic idea of the Allocation Branch is to 

choose among alternative uses of resources. Thus, the problem is essentially one of opportunity 

cost.... In this basic sense of opportunity cost, the budget of the Allocation Branch must always be 

balanced." For this reason, the carbon tax revenues should not automatically become part of the 

government's general budget. "At the same time, we shall find that there is no conflict whatsoever 

between this principle of balance in the budget of the Allocation Branch and the quite different 

principle of imbalance in the budget of the Stabilization Branch" (Musgrave, 1959: 17). In other 

words, in the conventional economic framework, there is no conflict between allocation and 

stabilization policy but between allocation and distribution policy. "The general position seems to 

be that prices in the economy should somehow be set so as to achieve allocative efficiency, with 

5) Here again, we emphasize that the term "optimally" is based on the normative framework underlying the analysis. 

6) Musgrave (1959) distinguished three objectives of budget policy, i.e. the use of fiscal instruments to (1) secure 
adjustments of the allocation of resources (Allocation Branch), (2) secure adjustment in the distribution of income and 
wealth (Distribution Branch); and (3) secure economic stabilization (Stabilization Branch). 
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the policy maker urged to take some independent action to correct any unpalatable effects upon 

income distribution. The effects of some proposed pricing policy upon distribution are rarely 

considered explicitly" (Baumol, 1986: 2). 

The question is now whether compensations and subsidies for abatement and controlling activities 

can be consistent with an alternative to the traditional neoclassical economics framework. In fact, 

any (no-lump-sum) compensation of victims is inconsistent with Pareto optimality. But, one can 

suppose according to Baumol (1986:101) "that despite the reduction in welfare, it is decided to pay 

some compensation, presumably on grounds of fairness to the victims." He has shown that within 

the concept of '"superfairness" even overcompensation of the victims of externalities can be required. 

Yet, by emphasizing the trade-off between fairness and efficiency, he came to the conclusion that 

"it may be rational to impose a sort of deductibility feature on any compensation arrangement, 

precluding compensation for small amounts of damage and providing it only to the victims of (more 

or less) catastrophic externality effects" (Baumol, 1986: 107). This is similar to solving the problem 

of moral hazard in the case of insurances. It can thus be proposed that compensation payments to 

victims of externalities could well be accepted within a broader framework than the one based on 

Pareto optimality. 

As shown in chapter 3, alternative approaches are required for the economic analysis of many 

environmental problems. The basic fact is that environmental externalities are generally related to 

an intertemporal allocation problem. Because of the potential irreversibility inherent in many 

environmental uses intertemporal and intergenerational externalities might arise. This would con

sequently call for intergenerational compensation payments, be it for future generations as victims 

of dynamic externalities, or for the present generation if it provides external benefits to future 

generations (e.g. in the form of technological progress). Such compensation payments could simply 

be included in the general system of social and intergenerational transfers, and must therefore not 

necessarily become pan of environmental policy concerns. However, there might be reasonable 

arguments against institutionalized intergenerational compensation of victims. First, the heritage of 

technical progress in the form of capital accumulation7 is generally necessary for optimal intertem

poral allocation of resources. Second, even for the sake of fairness, compensation of victims should 

be restricted to catastrophic events (see above). Moreover, in chapter 3, the problem of irreversibility 

under uncertainty has led to the formulation of an alternative approach aimed at ecological and 

economic sustainable development In general, this is inconsistent with Pareto optimality but 

consistent with social cost minimizing. Even if the objective is still an efficiency criterion, 

subsidizing the reduction of detrimental externalities must be reconsidered. This is the topic of 

further analysis in this chapter. 

7) This can be physical or human capital (i.e., machines or knowledge). 
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4 3 Towards an Environmental Branch of fiscal policy 

Within our sustainability framework, environmental quality constitutes a new goal for stabilization 
policy.8 Therefore, a direct link can be made between stabilization and allocation policy as regards 
ecological and economic sustainable development Within such a framework, compensation for the 
extra cost of reducing GHG emissions must not be a source of inefficiencies. In contrast, they reduce 
the control and abatement costs that economic agents must bear, and therefore provide incentives 
for innovation (development and diffusion) of new environment-friendly technologies. Carraro and 
Topa (1991) conclude that a policy mix with environmental tax and innovation subsidy can be shown 
to reduce emissions more and to reduce output less than environmental policies based on a single 
policy instrument. This is one instance in favour of a tax-compensation approach (see also Mumy, 
1980; Pezzey, 1990; and the model below). 

Since any environmental policy creates income effects, it may be necessary to adjust for distributive 
effects arising from the carbon tax or externalities, respectively. In this case, allocation and 
distribution policy are interdependent and must therefore be subject to the same budgetary position. 
As a consequence, the three branches of fiscal policy as distinguished by Musgrave (1959) should 
not be completely detached, but rather adequately combined and extended within the framework of 
a "Sustainability Branch" or "Environmental Policy Branch". This additional branch of fiscal policy 
is characterized by 

a) ecological and economic sustainability as its long-run stabilization goal, 

b) economic efficiency (least-cost criterion) as its allocation goal, and 

c) adjusting for disturbances in income and wealth arising from the carbon tax 
and externalities as its distribution goal. 

After jointly considering these characteristics, the budget of the Environmental Policy Branch (EPB) 
must be balanced. 

This can first be shown in a more intuitive way. An illustrative argument for budget neutrality of 
the EPB is based on the general interpretation of environmental taxes as artificial prices for the use 
of environmental goods and services. The carbon tax for instance can be interpreted as an artificial 
price for global GHG assimilation as provided by atmospheric, oceanic and biotic ecosystems. The 
problem is that market prices are only counterpart to real flows within the economic system, but 
they do not cross the border of this subsystem. The related money flows are graphically shown in 
Figure 4-3 by the dash-dotted arrows. They remain within the closed production-consumption circle 
of the economy. But, there is no monetary flow out of the economic subsystem. In other words, 
ecosystems, in contrast to economic agents, are not paid for their goods ar.d services, even if they 
are scarce. This lack of the economic price system is largely known as the source of environmental 

8) This constitutes the macroeconomic dimensions of an ecological-economic policy approach. 
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externalities. Therefore environmental taxes are proposed to correct this inefficiency. This would 
naturally produce money flows going along with the use of natural resources and the emission of 
pollutants and other wastes. Yet, pollutants should rather be considered as "bads" than "goods". 
Therefore, the appropriate money flows must go in the same direction as the flows of pollutants. 
They must coincide with the real flows from the economy into the environment, and not go as 
counterpart flows in the opposite direction as in the case of economic goods. 

The complication for the use of environmental tax revenues in general arises because there is no 
"environmental agent" in the ecosystem to receive and spend money income. Therefore, the 
monetary circle must be closed within the economic system. Even if for allocation reasons this is 
not completely possible within the Paretean world, it should not lead to inefficiencies within the 
proposed sustainability framework. Therefore we come back to the basic idea of environmental 
taxes which is to provide incentives to the economic agents in order to control pollution at an efficient 
(or desirable) level at minimum cost to the economy. This would not be compromised by giving 
compensation payments to those who bear extra costs for reducing GHG emissions. In addition, 
compensation payments can create a suitable channel for holding the money flows from the carbon 
tax in a very efficient way within the economic system while the ecological objective (sustainability 
constraint) is still fulfilled. This is illustrated in Figure 4-4 by the economic interactions from and 
to the abatement-and-recycling (A&R) sector. The thin and dash-dotted arrows show the real 
economic and counterpart money flows, respectively. The thick arrows illustrate the parallel flows 
of pollutants and emission taxes within the economy. Thus, the A&R sector can be regarded as a 
suitable element for closing the tax-revenue circle within the economic system while the physical 
circle can still be partly open for ecological-economic interactions.9 

This is consistent with the fundamental concepts of the polluter pays principle (OECD, 1975) and 
environmental taxes (Colby, 1990) that are both based on efficiency and equity considerations. The 
implementation of a charge-subsidy or tax-compensation scheme (cf. Mumy, 1980; Pezzey, 1990) 
seems then to provide the most appropriate set of instruments. Correspondingly, a few modeling 
alternatives for the assessment of a tax-compensation scheme, which are appropriate for a national 
climate policy, are developed in the following subsections. This inevitably calls for a modification 
of the optimization model designed in section 3.4.1 and 3.6. 

9) This is for instance restricted by the bio-physical limits of the ecosystems. 
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4.4 A model for the assessment of an efficient 

tax-compensation scheme 

The huge amount of revenues for the public sector that would arise from a national carbon tax gives 
good reason to think about compensation payments to those who are reducing GHG emissions while 
suffering increased production costs.10 We start our analysis with the assumption that the revenue 
from the carbon tax does not become part of the government's general budget Accordingly, it must 
be used for efficiency and equity requirements. For the beginning we exclude transfers for national 
or international redistribution as well as compensation for victims of externalities. The entire carbon 
tax revenue is then available for compensation payments (or subsidies) to economic agents (firms 
and households) that make an effort to reduce their GHG emissions. These payments would suitably 
be aimed at reducing the control and abatement costs that the whole economy must bear for achieving 
the GHG emission targets. Thus, such payments indirectly reduce the dead-weight loss (cf. Figures 
4-5 and Table 4-1; and the analysis below). In short, this affords an efficiency argument on behalf 
of using carbon tax revenues for subsidizing abatement and control activities. It is formalized below 
in a tax-compensation model as an extension of the model described in section 3.6. 

For simplicity, we reduce the dynamic optimization problem of GHG control to a set of static ones 
on the national level. We assume that for each period of time t a (set of) national GHG emission 
standard(s) Q(r) is given. This can explicitly or implicitly be determined by some global warming 
convention or national policy goals. For the analysis, one can assume that the national standards 
coincide with the intertemporal efficiency criterion, i.e. that optimal capital accumulation both in 
production and abatement activities is ensured if these targets are fulfilled. Accordingly, the original 
optimization problem (carbon tax without compensation) can be written in a simplified static form, 
as follows:11 

minimize AU(Y) + T(Z) + AC0(10 

subject to E{Y) - Z < Q (4.4) 

By using the first order optimality conditions under the assumption of efficiency we can determine 
the optimal tax rate as follows: 

lf{Y) - Cp'(Y) (4.5) 
x* = — m ? ) — = r(Z) 

10)This idea can be applied to both Anns and households. In the latter case, it can be referred to the so-called household 
production theory (cf. Scott, 1980; Suding, 1984). 

11 )For simplicity, the rime index is not presented here, and it is assumed that no damage arises due to the GHG accumulation 
as long as the emission constraint is fulfilled . 
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Figure 4-5: The solution of the tax-compensation scheme 

Figure 4-5 illustrates the original optimization problem as well as the tax-compensation idea 
discussed in the following. Originally, the objective was to minimize the social opportunity costs 
(SOQ of sustainable development, or more appropriate, of the transition towards a sustainable 
development. These are the net costs and welfare losses society must bear to sustain the natural 
assimilative capacity and to reduce emissions to a suitable level. The minimum of SOC is shown in 
Figure 4-5 by the area DQPQP and is formally characterized by the dual solution (7$, tj). For any 
other activity level Y these costs would be higher. 

Now, the tax-compensation idea is that by subsidizing environment-friendly technologies — 
required to achieve the emission target — the control cost r and thus total costs C can be reduced. 
This is illustrated in Figure 4-5 by the new marginal cost curve 

t(Y) = C0'+ (l-e>r(Z) (4.6) 
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that results if a specified part (0 < 6 < 1) of the marginal control cost is subsidized out of the fund 

fed by me carbon tax revenues. The problem then is to determine the optimal tax and compensation 

rate conjointly. If "budget neutrality" should be guaranteed, then these two rates are interrelated by 

the budget constraint for the tax-compensation scheme. This is that compensation payments do not 

exceed the corresponding tax revenues: 

compensation payments < tax revenues 

Such a tax compensation scheme induces a shift of the optimal activity level to the right, i.e. an 

increase of economic activity due to compensation payments. This coincides with the reduction of 

the difference between marginal private benefits and marginal production costs (lf{Y) - C0'(Y)) 

from AP to AJPJ as illustrated in Figure 4-5. As a consequence, it also induces 2 reduction of the 

tax rate. The new optimal solution under the tax-compensation scheme is determined in Figure 4-5 

at point Pi and is characterized by the dual (Y\*, x"). For the special case with constant marginal 

emissions from conventional technologies and zero emission fromnew technologies, the resulting 

tax revenue is represented by the parallelogram 0D(fiiBx, and the total amount of compensation 

payments by the triangle D(^\Q\. 

Formally, the tax-compensation constraint can be written as follows: 

K K (4.7) 

and thus 

9 - r (Z |y= l7 ) < xj ' -f l (4.8) 

with 

T(Z) = C(Y) - Qff) > 0 for Y > Y°% 

and 

0 < G < 1 9 constant for allY 

If the tax revenues are fully used up for compensation payments, then the following equalities hold: 

9 • T{l\ Y=Y\*) = x;* • Q = tj* • [E(Y\') - 7%\ (4.9) 

and 

r(z|r=yp = x\' + enz|y=/7) (4.10) 
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At the optimal activity level, total marginal control cost V(z\ Y=Yl*) is equal to the sum of the 
optimal tax rate and marginal compensation payment (with the constant proportionate compensation 
rate 6). This is represented in Figure 4-5 by 

Afix = AXPX + PjZ), 

The tax rate is correspondingly determined by the remaining part of marginal control cost after 
compensation: 

xj" = (i-e)-nz|r=i7) (4.1 D 

If tj* is replaced in equation (4.9), then: 

e-r(z| Y=Y?) = (i -e) - nz l r=yp • [£(?;•) - ZJT 

dr(Z\Y=YV) (4.12) 

= (1-0) ^ S - [E(ip - ZH 

and thus 

6 = ( l -6) -e (Zn (4.13) 
whereas 

z. = anz|r=y;*) MY?) - z|*] <4.i4) 
^ } dz ' nz\Y=rp 

e(Z|*) can then be interpreted as the elasticity of control cost at the (optimal) abatement level, ZJ*. 
The optima] compensation rate, 6, can then be determined as a function of this elasticity: 

9 = irizr)= n(e(zr)) *** ° < e < 1 (415) 

In conclusion, in the case of an efficient tax-compensation scheme, we have thus developed a 
modified optimization problem that is illustrated in Figure 4-5. It can be formalized as follows: 

minimize AU(Y) + (1 -G)Y{Z) + AC0(y) 

subject to E(Y) - Z < Q (4.16) 

The corresponding optimal tax rate can then be determined by using the first order optimality 
conditions for an interior solution. The efficient tax-compensation scheme is characterized by: 

t« = ^(17) ~ Cb'flT) (4-!7) 
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and 

Tj* = ( l - 8 ) - n z | r = I 7 ) (4-18) 

whereas the proportionate compensation rate, 0, is limited by a function of the elasticity of the 
control cost due to changes in the optimal activity level: 

e(ZT) (4.19) 

If 6 is replaced according to (4.15) in (4.18), then we can represent the optimality condition for the 
tax rate as the function of the optimal activity level and related control cost: 

with 

(1-6) = — l — ( 4 2 1 ) 

' l + e(ZT) 

This can also be derived if the optimization problem (4.4) is be written in a modified form, as follows: 

minimize AU(Y) + J 7 ^ r ( Z ) + AQW 

subject to E(Y) - Z < Q. 

with P m _ iOZ) Wn-Z\ (4.22) 
with e(Z) - - ^ - - p ^ -

The proportionate compensation rate will implicitly be determined as function of the elasticity of 
the control cost at the optimal activity and abatement level. Thus, it must not be predetermined in 
order to assess the optimal carbon tax rate. 

The advantage of the tax-compensation scheme is not only that the reduced tax rate and increased 
level of economic activity makes it politically more attractive than any pure tax on emissions. It 
reduces also the opportunity cost society must bear for ensuring sustainable development In fact, 
both control costs and dead-weight loss are reduced in comparison with the pure tax solution. This 
is illustrated in Figure 4-5 by differently shaded areas. In addition, Table 4-1 presents a comparison 
of the two approaches. 
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The total economic gain from changing to the tax-compensation approach is equal to the area 
D0P1C1 in Figure 4-5. A tax-compensation regime can thus be considered as more efficient for 
achieving sustainable development than a pure tax system. However, it can still have distributional 
consequences. These are not considered in the above model for the determination of a tax-compen
sation scheme, which is exclusively based on efficiency and sustainability considerations. 
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Tabk 4-1: The tax-compensation versus "pure" tax approach 
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4.5 Distributional aspects and the tax-compensation scheme 

As Poterba (1991: 77) has noticed, one of the central objections to adopting carbon taxes in 

developed countries is the perceived regressivity of excise taxes, of which carbon taxes are an 

example. Since carbon taxes would be levied on fossil fuel consumption, and energy must be 

considered as a necessity, it is not surprising that such taxes would have distributional consequences. 

In fact, the share of income that low-income households spend for heating fuel, electricity and 

gasoline is significantly higher than that of high-income households. Accordingly, Poterba (1991) 

has concluded that the reiative tax burden would decline smoothly as one moves up the expenditure 

distribution. This is compatible with Baumol and Oates' (1988: ch.15) findings based on studies on 

the distributional incidence of excise taxes. It is safe to suggest that both transitional and continuing 

costs (i.e., adjustment and maintaining costs of improving environmental quality) may be higher 

for the poor than for the wealthy. 

Further distributional incidence of a carbon tax may arise from general equilibrium effects, market 

asset effects, and macroeconomic effects (Poterba, 1991: 82). In fact, one of the most significant 

adjustment costs of environmental programs will be a loss of jobs; i.e., a rise in short-term 

unemployment. "In principle, this burden need not inevitably fall more heavily on the poor.... The 

pattern of transitional costs by income class will thus depend on the relative change in demand for 

high- and low-income employees" (Baumol and Oates, 1988: 251). A computable general equi

librium model is then required to analyze these impacts of a carbon tax (cf. Kypreos, 1992). 

As Baumol and Oates (1988: 255) have concluded, even if the primary purpose of environmental 

programs is allocative, the goal should rather be to neutralize the more serious of the objectionable 

distributive consequences. This implies both correction of externalities and impacts of a carbon tax. 

If instituted as a stand-alone policy, the latter would be regressive. But a combination of income tax 

and transfer policy could be used to neutralize the distribution effect for most households. Poterba 

(199i: 82) has therefore emphasized the necessity to involve schemes designed to neutralize the 

distributional effects of the carbon tax. The aim of this section is accordingly devoted to the design 

of a carbon tax scheme with a fiscal policy to offset distribution incidence, and to compare the 

outcome with the results of the above models. 

The present assumption is that total carbon tax revenue is exclusively used to reduce income taxes 

for households and/or to provide income transfers to private households in order to counterbalance 

the distributional incidence of the carbon tax. On one hand, the latter is a source of changes in the 

relative prices of economic activities, and hence induces substitution and income effects. In 

particular this results in the reduction of the overall energy demand and substitution of fossil fuels 

by renewables. On the other hand, the income tax reduction and transfer policy leads to an increase 

of disposable income, which finally is revealed in a higher demand for energy services, and thus 

would be partly offsetting the C02 emission target. 



The Economics of Global Wanning 69 

c.ir* 
C(yiE=£j) 

frflO-UW + ^ P o ) 

c„W 

vm 

Figure 4-6: A carbon tax with income reimbursement to consumers 

For the analysis, the income reimbursement policy is equivalent to a reduction in the costs of 
economic activities that consumers must pay for. In other words, it is a kind of subsidy of economic 
activity from the carbon tax fund. As known from economic literature, subsidies have vicious effects. 
This is also illustrated in Figure 4-6. The maximum effect of such a refunding policy is characterized 
by offsetting the dead-weight loss. This implies that due to the "income transfers" the economy 
would stay at its initial activity level Y0. Yet, it seems to be more realistic to assume that due to the 
tax-induced price effects, the total economic demand structurally changes. Hence, even after 
refunding carbon tax revenues as income to private households, the economic activity level and thus 
social welfare would be at least slightly reduced in comparison with die initial activity level. In fact, 
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in an efficient economy, a structural change in the composition of economic activities must result 
in a lower level of social welfare.12 Thus, none of the redistributive schemes could completely offset 
the distributional impacts of a carbon tax (cf. Poterba, 1991: 83\ 

An indirect effect of reimbursing the tax revenues as "additional income" to consumers is that of 
increasing control costs that producers (firms and households) would suffer due to the higher activity 
level. As illustrated in Figure 4-6, these costs increase from DoAP in the "pure tax" case up to 
DQPOC- Thus, the burden of controlling GHG emissions * ould not only increase, it would be shifted 
entirely onto the producers. For the economy, this would offset the gains from reducing dead-weight 
loss on the demand side. In sum, the social opportunity cost of sustainable development, defined as 
the total of control costs and welfare losses, would be higher than under the scenario of a pure carbon 
tax13 and the tax-compensation scheme (cf. also Figure 4-7). In addition, the tax rate would increase 
from AP in the basic case to P^Q in the income refunding case. 

To summarize, by granting income tax reductions and income transfers to private households the 
dead-weight loss could largely be eliminated. Nevertheless, this would be less efficient than the 
tax-compensation scheme with subsidies to producers for reducing GHG emissions. One central 
question is obviously about the distribution of burdens that arise from a national (or even interna
tional) GHG policy, be it the cost sharing among producers and consumers, or the incidence between 
different income classes. It is therefore essential to declare the distributional aspect a central element 
of environmental policy in general and climate policy in particular, if it should be successful in the 
end. 

4.6 A model with tax-compensation and income reimbursement 

Any realistic carbon tax policy must therefore be characterized by a combination of compensation 
payments and income refunding to consumers. If implemented, such a combined policy will allow 
for both efficiency and equity. The trade-off between these two fundamental arguments is not 
necessarily serious if social welfare is function of both efficiency and distribution. In this case some 
compromise between efficiency and fairness would be likely the optimal solution, with neither 
maximal efficiency nor superfaimess actually achieved (Baumol, 1986:105). 

One essential point in this concern arises from the problematic of social welfare functions. The 
critical point is that of the impossibility of interpersonal utility comparison, and thus of a suitable 
aggregation. The following considerations illustrate one instance of this problem. 

12)On tbe contrary, this can be offset by the direct effect and incidental benefits of (be proposed carbon tax that is 
presumably aimed at sustaining environmental quality at an acceptable level, and thus in reducing 
pollubon/GHG-induced welfare losses. 

13)The case of a "pure tax" is theoretically equal to the hypothetical case where tbe collected money from the tax would 
immediately be burned after collection. This is not realistic however it provides tbe basic case for comparing all 
alternative designing schemes for tbe use of carbon tax revenues. 
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If we assume that social welfare is an additive, separable function of welfare perceived by the 
different income classes, then we can write the welfare loss due to the carbon tax as follows: 

(4.23) 

The different income classes are characterized by the index i (i = l,.../i). F, and fi, denote the activity 
and welfare level of class i, respectively, whereas total economic activity is 

(4.24) 

Y = £r, 

The parameter y, denotes a weighting factor for aggregating social welfare over different income 
classes.14 This weighting factor becomes essential for designing a climate policy since it enters one 
of the optimality conditions that determine the rate of the carbon tax: 

- yrUj(Y.) - CVOa (4.25) 
x5 = JTTJ: = r,(Z.) for all i 

n 

with Z = £ Z , 

Hence, it influences the optimal allocation of resources and economic activities across income 
classes, and therefore the distribution of income.15 Equity becomes obviously part of the efficiency 
argument. 

Devoting a part of the total carbon tax revenue for distributional concerns can thus be considered 
as efficient, even from a purely allocative perspective. Correspondingly, income reimbursements 
(transfers and tax reductions) to private households can be introduced in the above tax-compensation 
model. Therefore, the constraint for the use of carbon tax revenues must be reformulated as follows: 

tax revenue > compensation payments + income reimbursement 

14)The same formalism could be used to repr.^ent a "global welfare function" which is theoretically required for 
determining a global carbon tax (cf. Heaiger and Corbaz, 1992) 

15)The results are formally comparable for international distribution under a global carbon tax regime (cf. Hediger and 
Corbaz, 1992). The weighting factor for each income class (or group of nations) appear as a fundamental element for 
the long-term allocation of economic activities and "emission rights". If no weighting factor is considered in the model 
then it is implicitly assumed th- < uV: welfare changes are uniformly weighted across all inc die classes (or nations). 
The fact is, however, that it sho'.M oe explicitly specified in order to analyze the distr. utional and international 
incidence of managing global warming. 
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Compensation payments to economic agents for reducing their abatement and control costs are thus 

constrained by total carbon tax revenue minus total refunding (distributional transfers and income 

tax reduction) on behalf of private households. In this simple, highly aggregated model which does 

not distinguish between price and income effects, income transfers are equivalent to a general cost 

reduction for consumers. This can formally be given by: 

with 0 < 8 < 1 , 0 < p < 1 (4.26) 

As in the above tax-compensation model, 8 denotes the proportionate rate of compensation 

payments, i.e. the rate of total control costs that is financed by carbon tax revenues. On the other 

side, P is the rate of private costs that are indirectly subsidized by graming income transfers to private 

households. This can alternatively be written as follows: 

e-r(z|r=$n < (i-fl)-x;*-[£(%*)-zn = a - a ^ - a 

with 0 < 8 < 1 , 0 < ti < 1 (4.27) 

In this form, -d denotes the relative share of total carbon tax revenue that is devoted for correcting 

distributional incidence, and also for reducing macroeconomic adjustment costs (e.g. short-term 

unemployment) and international transfers (see chapter 5). 

The constraint (4.27) can be used for substituting inequality (4.8) in the above tax-compensation 

scheme. The optimal proportionate rate of compensation is then 

= ( l - ^ ) e ( Z n (4.28) 
l + (l-fl)-e(Zr) 

The optimization problem (4.16) can thus be reformulated as follows: 

minimize AU(Y) + 'i - Y^Yr(z) + Ac0ao 

subject to E(Y) - Z < Q (4.29) 

Under consideration of the first order optimality conditions, the optimal tax rate for the tax-com

pensation-reimbursement scheme can thus be determined by the two characteristic equations: 

J—, (»-*>-etfr) \r(ir) 
-*) l + (l-tf)-e(ZnJ ^° 

( 1 (l-f3)e(ZJ-) ) _ A _ (4.30) 

and 
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x;* • £-(%*) = i/($t) - C/($p (4.31) 

Ihis tax rate is greater than the tax rate of the tax-compensation scheme without reimbursement 
(see also Figure 4-7), but smaller than of the "pure tax" solution: 

xj > z\' > T ; \ 

The corresponding optimal activity level £|* lies within the interval (Y\, Y\*): 

Y\ > ft > rs*. 
This goes along with both higher control costs and dead-weight loss if compared with the 
tax-compensation scheme. However, as noted above, this must not necessarily be less efficient, if 
distributional fairness is an argument of the social welfare function. This is not considered in Figure 
4-7, however. 

In summary, it can be concluded that a combination of carbon tax, compensation and reimbursement 
is likely to be more efficient than using carbon tax revenues for correcting distributional impacts 
only. A combined tax-compensation-reimbursement scheme must thus be favored, for both efficien
cy and equity, as the most appropriate instrument of national climate policy. The same is true for 
environmental policy in general. 

4.7 An "extended supply-side approach*' for 

computing a tax-compensation scheme 

The analytical determination of a carbon tax has been based, up to here, on a general equilibrium 
framework. The optimal solution has been graphically characterized by the intersection of the 
marginal welfare and marginal cost curves under an aggregate sustainability constraint. Such an 
approach requires basically that both social welfare and aggregate cost functions be fully specified. 
Yet, the problem can theoretically be resolved into one on the demand side ("willingness-to-pay 
approach") and another one on the supply side ("technology-allocation approach"). These two 
approaches, when applied isolated, are generally insufficient for determining optimal policy and its 
consequences. Nevertheless, they are very popular with different groups of analysts because of the 
lower information requirement. As illustrated in Figure 4-8, the two opposite approaches are 
misspecified, and thus cannot generally produce the "correct" results for assessing a carbon tax, and 
calculating the related social costs and tax revenues. In contrast, a general equilibrium approach 
can, at least theoretically. Yet, as a matter of fact, we must face pragmatic ways of generating 
"useful" results. Correspondingly, the topic of this section is the comparison of these two biased 
approaches, and the design of a suitable model for running a supply-side approach. 
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Figure 4-9: rtie supply-skle model combined with a tax-compensation scheme 
— calculation of a pragmatic approach 

First, by applying the demand-side approach the problem of environmental control is reduced to 

estimating the change of social welfare that would satisfy the sustainability constraint without 

requiring investments in abatement and control technologies. It typically calls for the aggregate 

willingness-to-pay at the reduced level of economic activity Y\ (or the corresponding energy 

demand) which presumably would be sufficient for meeting the constraint on CO?, emissions. 

How over, it absolutely neglects the equilibrium activity level Y\, and the cost functions C0(Y) and 

C(Y). Consequently, the demand-side approach must generally be judged as producing erroneous 

results. This concerns all the estimation of the tax rate (marginal change of willingness-to-pay), tax 

revenue, and social costs (expressed in terms of aggregate willingness-to-pay only). 
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Secondly, the supply-side approach is typically based exclusively on technology-cost assessments. 

It does not generally account for economic responses on the demand side, nor for genera! equilibrium 

effects. It is based on cost calculations for controlling emissions at a given level of economic activity 

(or energy demand). It dius overestimates the tax rate (marginal control costs), tax revenues and 

total opportunity cost that society must bear. It neglects any form of dead-weight loss. Yet, a rather 

implicit interpretation is that the tax revenues are entirely used to compensate the dead-weight loss 

by granting income transfers to private households (cf. Figure 4-6 and 4-7, and section 4.6). As 

described above, this is far from being efficient However, it should rather be considered as an 

implicit assumption generally not noticed by the people employing supply-side models. 

Supply-side approaches are often based on energy-demand or economic-activity scenarios. They do 

not generally specify the equilibrium activity level Y\, but can by chance. In this case, the same 

estimates of tax rate and tax revenue would result as with the general equilibrium approach. 

Notwithstanding, it would consequently misspecify the social opportunity costs. Since the dead

weight loss is fully neglected by the supply-side approach, only production cost variations are 

considered. This is the difference between total control costs at the equilibrium activity level Y\ and 

the cost savings due to the reduction in economic activity from Y0 to Y\ in comparison with the 

reference case. This can obviously lead to the erroneous idea of negative total costs to society for 

the achievement of predetermined environmental constraints. In contrast, as illustrated in Figure 

4-8, the total opportunity cost, as the sum of total control costs and dead-weight loss, will always 

be positive. 

Finally, it can be demonstrated that the misspecification due to the supply-side approach can be 

reduced even while neglecting demand responses. This is the case if a tax-compensation framework 

is applied in combination with a supply-side approach. To this end, the activity level in the model 

(4.16) can be fixed at YQ. The optimization problem is then: 

minimize ( l - 9 0 ) -

subject to E'Jo) - Z < Q 

With ^ = l+e(zWo) 
• - dT(Z\Y=Y0) [E(Y0) -Z] (4.32) 

and e(Z! Y=Y0) = a z " r ( Z | v = v o ) 

Total compensation is limited in this model by the hypothetical tax revenue to the activity level 

U 

§0-r(z|r=y0) < xft-o (4.33) 
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This is illustrated oy Figure 4-9 where tht calculated compensation triangle DQAQQ is presumably 
equal to the calculated tax revenue ODyXik. Figure 4-10 shows then the economic response to the 
computed tax rate T|S-f(lo) = JV*o- This results in a reduction of economic activity on yjj. At this 
level, the total control cost is only D^iQ, and after granting compensation payments of D^2Q it 
remains at the net amount of D^Pi- But, society must bear a dead-weight loss of A2P(f2 so that 
the total net opportunity cost is equal to the sum of D(A2P2+A2P0P2. This, however, exceeds the 
opportunity cost at the "optimal" activity level Y\' resulting under the equilibrium tax-compensation 
scheme. Nevertheless, when calculated with a simple supply-side model, the misspecifications of a 
carbon tax proposal are much less serious than in the case of a "pure tax". In addition the model 
would still overestimate total control costs and tax revenues. Due to the economic response to a 

Figure 4-10: The supply-side approach combined with a tax-compensation scheme 
— ecomomic impacts 
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suitably assessed carbon tax, it would effectively remain an excess revenue after proportionally 

compensating producers for control costs. This excess tax revenue could then be used for income 

transfers and administrative expenses. 

Accordingly, as designed above, the combination of a supply-side approach with a tax-compensa

tion-reimbursement scheme is suggested. This form could be used as an initial run for the calculation 

of a carbon tax, particularly when it is subsequently linked with a computable general equilibrium 

model in order to analyze the macroeconomic and structural impacts on the Swiss economy. 

4.8 Conclusion 

Not only the collection but also the use of carbon tax revenues will have macroeconomic, 

distributional and structural impacts. It is therefore of paramount importance to design an ap

propriate scheme for both taxing GHG emissions and using the tax revenues. First, it is apparent 

that neither absorbing them into the public treasury nor redistributing them to the consumers (income 

transfers and tax reductions) can produce an efficient outcome. Although an income reimbursement 

could theoretically compensate for the dead-weight loss from the carbon tax, it would produce a 

higher opportunity cost to society as a whole, require a higher tax rate, and shift the burden to the 

producers. On the contrary, granting compensation payments ("subsidies") to those who invest in 

more environmental-friendly technologies (abatement and control activities) appears to be the most 

efficient way to make use of the carbon tax revenues. This results particularly in a lower carbon tax 

rate, lower opportunity costs and dead-weight losses. Thus, a tax-compensation scheme is very likely 

to be the most appropriate instrument for a national climate policy. This is generally true for any 

environmental policy. 

Yet, any environmental program creates distributional incidences. Therefore, a combined tax-com-

pensation-reimbursement scheme seems to be the most appropriate, i.e. the most efficient and 

acceptable instrument This enables the control of GHG emissions while allowing for efficiency and 

equity requirements. It is thus consistent with the polluter pays principle as proposed by the OECD 

(1975). The idea of the tax-compensation-reimbursement scheme is that within an Environmental 

Branch of fiscal policy, control cost subsidies and transfer payments should be financed by the 

carbon tax fund. It has been demonstrated in this chapter that, in order to reduce the dead-weight 

loss, it is not necessary to give payments only to those who suffer from this welfare loss. It can also 

be reduced if producers are partly compensated for their additional costs. In addition, the dead

weight loss arising from the imposition of a carbon tax must rather be considered as a phenomenon 

of transition than as a serious long-term problem of sustainable development. The key factor may 

be technical progress, and the dead-weight loss problem must thus be solved within the period of 

transition from "business-as-usual" to "sustainable development". 
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Finally, a pragmatic approach is required for the assessment of a national carbon tax. A supply-side 
approach, when combined with a tax-compensation (or even tax-compensation-reimbursement) 
scheme, is very likely to provide the most appropriate framework. In particular, it provides a suitable 
approach for the first attempts at assessing a carbon tax within a range of credibility. This will 
provide useful information for imposing a national carbon tax. In a second step, the economic 
impacts (income distribution, macroeconomic and structural consequences, etc.) can be calculated 
after linking the extended supply-side model with a computable general equilibrium model, or a 
suitable macroeconomic model. The dynamics discussed in previous chapters must be taken into 
account from the beginning. 

A remaining question regards a national GHG policy and its consequences in the international 
context. It is evident that for a small country like Switzerland this is of importance. It is therefore 
one object of the economic analysis in the next chapter. 
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5 Carbon Tax and other economic instruments in 
the international context 

The aim of this chapter is to analyze the impacts of national and global greenhouse gases policy in 
an international context The growing interest of the public for environmental problems and the 
perspective of global warming prompt many countries to consider, among other things, the 
introduction of a carbon tax as an instrument to reduce CO* emissions. The Global Warming Effect 
is by nature global, therefore both reduction and the uncontrolled course of CO2 emissions have 
repercussions on the whole atmosphere and the world economy. Accordingly the most efficient 
policy to control the greenhouse effect would be a global climate policy or at least international 
cooperation in coordinating national policy. 

Correspondingly, this chapter is devoted first to the study of the impacts of a national environmental 
policy in the international context, and second to design the necessary conditions for achieving a 
global environmental policy. The first of the five sections introduces the theory of international 
trade. The environment and a carbon tax solution are successively added. The second section 
considers the problem of international cooperation. The third presents a few alternatives to negotiate 
an 'International Climate Agreement* (ICA) as well as a world-wide overview of the situation 
regarding the position of the nations towards the negotiation of an ICA. Section four specifies 
possible roles for Switzerland and discusses different policy options. Finally the main statements 
of the chapter and the necessary conditions for a global environmental policy are summed up in 
section five. 

The reader will notice that this chapter generally refers to a tax on CO? emissions, instead of emission 
quotas; because in an idealistic world such as that of perfect competition, the tax appears to be as 
efficient as a quota (this is valid only for the first two theoretical sections). Moreover the discussion 
is restrained to CO2 emissions, one of the most important greenhouse gases contributing to the 
Global Warming Effect. Other chapters deal with greenhouse gases in general. 

5.1 Theory of international trade and the environmental dimension 

In this fim section, international trade and the environment are jointly analyzed. Under the 
consideration of the environment, with CO2 emissions in particular, studying international trade is 
quite complex. It is necessary to proceed step by step; first introducing the international trade theory 
alone, second adding the environmental dimension, as well as a tax on local emissions, and third 
focusing on C02 emissions. Finally this will allow us to analyze the impact of a carbon tax on trade 
and on environmental quality. 
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5.1.1 Theory of international trade without environmental dimension 

In this subsection, the basis of international trade theory without the environmental dimension and 
an illustration of the pure Heckscher-Ohlin theorem are presented. The latter says that a country 
'which has an abundance of, for example, LABOUR will specialize in the production and export 
of goods, which are intensive in the use of labour (because it can produce those cheaply), and import 
goods which are intensive in the use of the country's scarce factor of production" [Pearce, 1986: 
180]. 

A simple two-country model is used. Each of the two nations, say A and B, produces two 
commodities, numbered one and two, with two production (input) factors, capital and labour. 
Commodity one is capital intensive and commodity two is labour intensive. Country A is richly 
endowed with capital, country B with labour. So nation A is assumed to have a comparative 
advantage in the production of the capital intensive good, namely commodity one, and nation B in 
the production of the labour intensive good. The factor which is abundant is assumed to be cheaper 
than the scarce one. Consequently in nation A the price of commodity one is lower than the price 
of commodity two: 

P\<Pz 

and in nation B,1 we find the opposite relationship: 

P\>Pm
2 

The relative price in country A isp = P\/P2, and in country B it isp* = P\/P\. Considering the former 

price a Ivions, it follows that: 

P1/P2<P\/r2 and p<p' 

This difference in the relative prices is the origin of international trade. Figure 5-1 illustrates the 
advantage of trading. The quantities Qj and Q2 of each produced good are on the axes. In a closed 
system, country A produces at T and the whole production is consumed. The slope at point T gives 
the relative price p in a closea economy (the line is not drawn in the figure). In the open situation, 
according to the difference in the prices of the commodities, country A starts trading with nation B. 
Consequently country A specializes in the production of the commodity using the cheap factor, 
capital, more intensively (point G). Consumption reaches a higher utility curve at point H. As seen 
in figure 5-1, the quantity X] which is not consumed is exported to nation B, and the quantity M2 

necessary to satisfy consumption is imported from B (the reverse reasoning is valid for B). The slope 

1 By convention all variables with an * will refer to the nation B, also named foreign country. 
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Figure 5-1: Transformation curves with international trade between two nations 

at point G represents the relative international price pj that both countries are facing. It will be bigger 

than p and smaller than p*: 

P<Pi<P* 

Thus, international trade matches the relative prices for commodities in exchange. In addition, under 
the assumption that the consumption pattern is the same in both countries, with no reversal of factor 
intensity and under free trade, the price of factors will equalize (Factor price equalization theorem). 

According to figure 5-1 each nation gains from trade, first by specializing its production (shift 
due to the change in prices) and second from commodity exchange (a higher consumption 
indifference curve is reached). So the welfare of each nation increases, because it can obtain either 
a higher real revenue with the same quantity of input factors or the same real revenue with less input 
factors [Pearce, 1986: 165]. 

5.1.2 Theory of international trade with an environmental dimension 

The Heckscher-Ohlin theorem can also be applied for analyzing environmental problems in an 
international context. Economic theory suggests that a country richly endowed with natural 
resources will have a comparative price advantage over a country which is only scarcely endowed 
with natural resources. Therefore, the first country should specialize in the production of that 
commodity, which requires the intensive use of these resources. 
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First the Heckscher-Ohlin theorem is applied within the frame of a resource model. Then, environ
mental quality is introduced into the analysis of trade. Afterwards, the effects on environmental 
quality and trade are considered if pollution emissions are taxed. 

Model with n< itral resources 

Consider the two nations A and B and the two production factors F (fossil) and R (renewable). We 
suppose that nation A is richly endowed with factor R, like solar energy and hydraulic power. Nation 
B is richly endowed with F, like oil, coal, gas. Both countries produce two commodities, whereby 
commodity one requires the intensive use of R, and commodity two of F. According to the 
Heckscher-Ohlin theorem, nation A has a comparative price advantage in the production of 
commodity one, which uses the abundant factor R, and country B in the production of commodity 
two. As before, the relative price p of country A is smaller than the relative price p' of B (because 
PX/P2<P\/P\). 

Because this model is similar to the one presented in the former subsection the same conclusions 
are valid, although two other production factors are considered. Therefore, nation A will specialize 
in the production of commodity one and export part of it to country B. This implies renewable 
intensive production in country A and specialization in pollution intensive production for country 
B(cf. figure 5-1). 

Introduction of the environmental quality 

Up to this point, environmental quality has not been considered. The latter is assumed to be a function 
of the quantity of emissions due to the production of commodities one and two from the factors F 
and R. F is assumed to be more emission intensive than R. Consequently commodity one, requiring 
a higher proportion of factor R, is emission-poor, in comparison to commodity two, which is F 
intensive. The emissions produced by the two production factors JI each nation are assumed to be 
local pollutants, meaning that they effect only the environmental quality of the nation where they 
have been emitted. This is the case for pollutants like NO,. According to the Heckscher-Ohlin 
theorem, nation A, which is well endowed with factor R, has a comparative price advantage in the 
production of the less emission intensive commodity and nation B in the production of the pollution 
intensive commodity. 

Figure 5-2 describes the situation for one country. The axes OQj and OQ2 represent the production 
of the commodities one and two, respectively, and the axis OU represents the level of environmental 
quality. At point A, the latter reaches its maximum. Up to point B and E, the production of 
commodities one and two, respectively, do not effect the environmental quality. It starts to decrease 
as soon as these points are overpassed. The distance DD0, being smaller than CC0, demonstrates 
that commodity two is more pollution intensive than commodity one. The surface ABCDE is the 
transformation space of nation A. Country B is only represented by its production curve YZ. 
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Figure 5-2: Transformation space with environmental quality 

In a closed economy, country A produces at T. When it starts trading with the foreign country, the 
system reaches a new production point G. Each country will produce considering the international 
relative price pf. 

Thanks to trade, country A which has a comparative price advantage in the production of less 
pollution intensive commodities, will specialize in the production of commodity one. Conse
quently its environmental quality improves. This can be added to the traditional gains from trade 
described in section 5.1.1. 

The national environmental quality of country B decreases, because it has specialized in the 
production of the pollution intensive commodity. Hence, two opposite effects prevail: on the one 
hand, environmental quality becomes worse; on the other hand, trade leads to a welfare improve
ment. The final result will be negative if the decrease of welfare due to the worsening environmental 
quality is larger than the improvement due to trade. Thus, for the country, which is richly endowed 
with fossil fuels, international tr? -<e can cause net welfare loss. In contrast the country richly 
endowed with renewable resources is a net winner from trade (from an economic and environmental 
point of view). 
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Introduction of an emission tax 

It is now supposed that one of the countries is willing to improve the quality of its environment; it 
therefore decides to introduce a tax on emissions. Is is assumed that the government defines the 
correct tax rate. In order to answer the question how trade and environmental quality are effected 
by the tax, three cases are distinguished. First country A, which 1* an average-sized country 
specialized in the production of the less emission intensive good, introduces a tax. Second the same 
case is considered, but for a small country, and thirdly for a large country that dominates 
international pricing. It will be demonstrated that the effect of the tax will depend on the power of 
the country on the international market 

1) Country A, with a rather clean production, taxes emissions 

Country A decides to introduce a tax on emissions. This will influence its production of commodities 
1 and 2. However the production of the pollution intensive good is much more effected by the tax 
than the other good. Figure 5-3 illustrates the situation in a closed economy. The curve DC is the 
block of transformation before the introduction of the tax. It corresponds to the intersection of the 
transformation space in figure 5-2 at the level of environmental quality in autarky. After introduction 
of the tax, the new transformation curve is D'C. It is smaller because, as a consequence of the tax, 
the quantity of emissions has decreased, raising environmental quality. In figure 5-2, the equilibrium 
point moves up along the OU axes in the transformation space. So in figure 5-3, before the 
introduction of the tax, country A produces and consumes at T and afterwards at T'. The new relative 
price is the slope of the tangent at point T\ which is flatter than in the former situation. 

Figure 5-3: Impacts of tbe introduction of an environmental policy on transforma
tion curve in a closed economy 
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Because of the tax introduction, the prices in country A will increase. For i = 1,2: 

P.^P. + t&E/dQ,) 

Where Pt
i = price of commodity Qt after introduction of the tax 

Pi = price of commodity i without tax, 

t = tax rate for one unit of emission, 

dEi/dQj = marginal quantity of emission produced by commodity i; 

E, = g,{Qi) gives the quantities of emissions produced by the production of commodity L 

Therefore: 

Pi>Pi. and P,
2>P2 

Because commodity one is less pollution intensive than commodity two, the total tax HdEz/dQ2) 

on the pollution intensive commodity two is greater than f-(d£,/9g,).2 So the marginal increase of 

P'I is smaller than the marginal increase of Pi. Thus, the relative price in country A will decrease in 

comparison to the situation before the introduction of a tax: 

pt<p with p, = P,^P2 

And the following relation is valid between the relative prices of country A and B: 

P'<P' 

This rationale is the general case for an autarkic country that introduces an emission tax, under 
consideration of the factor endowment The question is open, how this change in the relative price 
of country A will effect the international relative price and what repercussions it will have on the 
environmental quality and trade of both countries. 

Figure 5-2 also illustrates the effect of introducing an emission tax in country A. G represents the 
trade equilibrium without emission tax, C the production after the tax introduction. It indicates a 
higher environmental quality than before. But this figure does not show how the introduction of the 
tax effects the trade between both countries. This is illustrated in figure 5-4. The situation is the 
same as in figure 5-3, but considers international trade. Before the tax introduction, country A 
imports the quantity M2 of the pollution intensive commodity and exports Xi of the "clean" 
commodity. The international relative price is given by the slope of line GH. After the introduction 

2 This is based on the mass balance concept of production, where a concave function of production implies a 
convex emissions function [Siebert, 1987: 28]. 
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M% 

Figure 5-4: Impacts of the introduction of an enviromental policy on international 
trade 

of the tax, country A imports M'2 (somewhat more than M2) and exports X'! (more than XO. In this 
case, trade increases a little. However, these statements are valid only for the figure 5-4, which is a 
particular case. For instance, the mapping of the consumption indifference curves can influence the 
new location of the consumption point and consequently the trade. In figure 5-4, two other 
indifference curves are represented with dotted lines, which express other preferences for the 
consumption. If the curve situated to the left of point on H' is considered, then both import and 
export would greatly increase. But if the second to the right of H' is valid, then the imported and 
exported quantities between both countries would decrease. L~. addition, as it is a function of the 
emission contents of respectively commodities one and two, the shape of the transformation curve 
D'C might influence the final result The tax could also effect the position of the new production 
point Another factor of influence is how the tax revenue is redistributed. If the consumers profit 
by redistribution, they can reach a higher consumption level. If the government gives it back to the 
producers, it might change the production price and therefore the shape of the transformation curve 
(see chapter 4).3 

3 Toe former remarks about the location of the production and consumption points also remain valid for the 
following subsections. 
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Apparently the specialization of country A quantitatively remains the same as before. But relative 
to the decrease in production of commodity two, the specialization in fact increases. 

Country B will be effected by the change in the relative price on the international level. Its 

specialization in the production of the pollution intensive good will increase, because the interna

tional relative price evolves in its favour. Consequently its environmental quality decreases. 

2) Small country case 

Here country A is assumed to be a small country, similar to Switzerland. Its main characteristic is 
that it cannot influence the relative price on the international level. Consequently there might be a 
distortion between the international relative price and the domestic relative price. Two cases are 
distinguished: 

2A) The small country adopts the international relative price 

When the domestic relative price is equal to the international one, the small country will produce 
and consume according to the latter, even after the introduction of the tax. In figure S-S, this is at 
point G' and H\ respectively. Therefore, specialization will increase as production of the emission 
intensive commodity decreases. Consumption will decrease, but environmental quality will im
prove. In our particular case, this is expressed as an increase in exports and imports (X'j and M'2 

are larger than X, and M2). 

2B) The small country does not adopt the international relative price 

In this case, a distortion appears between the domestic relative price and the international relative 
price. As the latter stays the same, country B has no reason to change its production level. Such a 
situation occurs mostly when the small country is not ready to accept the international price !• 
therefore sets "trade barriers" to protect its own production and/or consumption. If the introduced 
tariffs are environmental trade taxes, they will effect the emissions contains in the traded goods. 
Again two different solutions are possible. 

a) The small country produces and consumes according to its own relative prices. This situation is 
not equal to that of an autarkic country, because the small country is still trading. But the traded 
amounts are smaller than before, because of the protection tariffs. According to figure 5-5 the small 
country produces at point G" and consumes at point H". The welfare losses compared to the free 
trade situation, are rather important. In fact, in addition to the emission tax, the government levies 
tariffs to protect consumption and production. Consequently the traded amounts (X"j and M"2 in 
this case) decrease. If environmental trade tariffs are considered, the imported quantity of the 
pollution intensive good will priniaiily be effected. But, because of the exchange of exported for 
imported goods, this also has an effect on export,. 
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MS 

Figure 5-5: Different policy options for a small country 

b) The small country produces according to the international relative price (point C), but its 
consumption is based on the relative domestic price due to trade tariffs on imported goods. Therefore 
H'" is under the transformation curve in figure 5-5. The situation for the consumers is, in any case, 
sub-optimal and the least efficient in comparison to the others, despite the fact that the imported 
quantity, M'"2, is almost as large as in the case without tax. However the producers are in a better 
situation than in the former case; they export a large part of their production, X"V In this case, 
only a tax on consumption is levied in addition to the emission tax. If we suppose that the additional 
tax on consumption is an environmental one, then again the importation of the pollution intensive 
commodity decreases. Although specialization in the production of the clean commodity is enough 
to allow a larger importation than in the former case, it is not sufficient to reach an optimal point 
on the transformation curve. 

The optimal solution for a small country is the first one (2A), where it produces and consumes 
according to the international price of exchange. With this solution, welfare losses are least, because 
there is no trade limitation. This first solution illustrates the consequences to production, consump
tion and trade activity from the introduction of an emission tax by the small country in a global or 
regional system of open markets, like the GATT, European Community (EC) or European Economic 
Space (EES). The other solutions could be considered differently if the tax is redistributed so as to 
compensate for the large welfare losses of these less optimal situations. 
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3) Country B levies a tax on emission 

In this case country B is specialized in pollution intensive production and introduces a tax on 
emissions. As the transformation curve becomes smaller, the production of both commodities will 
decrease. Since commodity two is especially effected by this policy, country B is less specialized 
than before. The price of both commodities will increase, although the price of the emission intensive 
commodity will increase more than the "clean" commodity. The consumption will also decrease (a 
lower curve is reached), as well as import and export From an economic perspective there is a 
welfare loss. On the other hand, the environmental quality of country B will increase. If consumers 
arc sensitive to the improvement of their environmental quality and if it is part of their welfare 
function, then it might compensate for kisses in consumption and production. 

In country A, whether it is small or not, the change of the international relative price will effect its 
production. As the international price of exchange decreases, country A will become less special* 
ized than before the tax introduction in country B. Consequently its environmental quality will 
decrease. The consumption level may change, depending on the new location of the international 
relative price on the transformation curve. In any case there will be a decrease in trade for the small 
country. 

The tax protects the environment, as well as the less advantaged commodity. It has effects similar 
to a tariff tax. The case of an emission tax introduction, parallel to trade tariffs, by a country large 
enough to influence the international relative price has been studied by K. Krutilla [1991]. He 
showed that the level of the optimal tax was dependent on the trade position of the country (net 
importer or net exporter) and how the terms of trade were differently effected if the tax was levied 
on consumption or on production. Thus the introduction of an environmental policy, based on taxes 
should done very carefully. To reach an efficient solution, the trade structure of the nation should 
be taken into consideration. 

5.1.3 Theory of international trade and a tax on CO2 emissions 

To this point, the consequences of a local emission tax, which influences only national environmen
tal quality, have been analyzed. The repercussions of national environmental policies on CO2 
emissions with respect to the effect on the global environmental quality have yet to be described. 
The efficiency of a unilaterally decrease in C02 emissions, due to the introduction of a CO?, emissions 
tax by a country is of interest to this topic. The analysis of international trade is not considered here, 
because one can reasonably suppose that it is effected in the same way by a tax on C02 emissions, 
as it is by a tax in local emissions, therefore the former observations stay valid for the following 
cases. 
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Small country case 

In the above subsection, it was demonstrated that on one side, emissions produced by the small 
country will decrease after the tax introduction. On the other, emissions might increase in country 
B as a consequence of the change in the international relative price. 

According to the former assumptions, the production of the small country is not pollution intensive. 
Therefore it is supposed that its emission production is much smaller than the one of country B, 
even before the introduction of the emission tax. So when the small country introduces an emission 
tax to improve its environmental quality, its production of CC2 emissions will decrease, but this 
decrease is rather small. However, if the production of country B increases, it is possible that the 
reduction of COi emissioas due to the small country's policy may be least than supposed or even 
compensated. 

So if undertaken by a small country, which possesses an advantage in die production of non 
emission intensive goods, a national environmental policy to reduce C02 emissions would not 
contribute much to the improvement of the global environmental quality. The probability that 
this improvement is compensated by an increase in emissions in other countries is high. 

Foreign country 

When country B introduces a tax on C02 emissions, its emission production will decrease. As 
production in this country is emission intensive, global environmental quality will improve even if 
CO2 emissions of the small country, due to the change in trade, increase a little. This cannot be 
sufficient to compensate the decrease on the global level. Therefore we can reasonably suppose that 
the introduction of the tax in the foreign country would lead to an improvement of global 
environmental quality. 

If the foreign country is assumed to represent the rest of the world, then the small country illustrates 
the case of the free-rider behaviour. This constitutes a typical problem in managing global commons. 
By doing nothing for the improvement of the environment, the small country will nevertheless profit 
by the decrease in CO2 emission undertaken by the rest of the world while avoiding the costs of 
reducing emissions (see chapter 2), even if trade and consumption will suffer a little. 

5.1.4 Conclusion 

It has been demonstrated that, in any case, the introduction of a tax on local emissions has a 
protection effect on the environment but not necessarily on trade. The latter depends on the factor 
endowment and size of the country. Moreover, from a pure economic perspective, the introduction 
of an environmental tax leads to welfare losses. But the latter may be compensated by the 
improvement of environmental quality on national and global levels, even if the welfare benefit of 
this improvement is difficult to estimate. The analysis of the consequences of a tax on COj 
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emissions based on the traditional international trade theory shows that taxation of global 
emissions by a single small country, which already has the trade advantage of an emission-poor 
commodity, will not seriously effect global production of CO* If local amissions were also 
included in environmental policy, it would at least improve local environmental quality. 

This shows that international coordination of national policies is necessary; a global policy may be 
even better. And it must be kept in mind that this analysis had not considered all facets of the 
problem. For instance the tax revenue, distribution and technological progress have not really been 
taken into consideration. This could lead to some different results. 

Finally, repercussions on environmental quality are also a function of the particular environmental 
policy chosen by country A. As shown in chapter 3, this is generally different for a Pigovian tax 
and a standard and price approach [Baumol and Oates, 1988, chap 4]. In the former case, 
international trade can effect environmental quality and undermine the impact of the emission tax 
in country A. So environmental quality may be lower under international trade than in autarky. In 
contrast, the standard and price approach is characterized by a predetermined environmental quality. 
The tax must be assessed so that this standard is achieved. It must therefore adjust to potentially 
adverse effects to environmental quality in nation A that would arise from changes in the interna
tional relative price. 

5.2 Cooperation or how to reach an International Climate Agree

ment (ICA) 

As seen in section 5.1 the motivation for a country to trade is the improvement of its consumption 
level, resulting from specialization of its production. At first sight, there is no such incentive which 
could give rise to cooperation for environmental protection. In fact, most countries tend to free-ride, 
when confronted with problems concerning the management of global commons. Therefore, from 
a theoretical point of view the attempt is made to show how cooperation would appear between 
nations and what bases would be necessary for the initialization of negotiations on the international 
level. 

5.2.1 Theoretical aspects of cooperation 

Pareto optimal solution 

Barrett [1991a, 1991b] studied cooperation and non-cooperation solutions in a model based on the 
traditional assumptions of perfect competition. Figure 5-6 illustrates the problem. It includes N 
countries of the same size, each of them producing the same amount of pollutants emissions, £,. 
They have "the same abatement benefit function which depends on total abatement" and "each 
country's abatement costs depends on its own abatement level and no one's else" [Barrett, 1991a]. 
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These functions include the marginal benefit of abatement, MBh and the marginal cost of abatement, 
MC. When the N countries do not cooperate, the optimal point is £* for every nation. But if they 
sign an agreement, the global marginal benefit curve, MBly will be equal to the sum of all marginal 
benefit curves, MB,, so a new equilibrium point is reached at £**. The cooperation solution implies 
a greater decrease in emissions and a higher benefit level. The abated quantity is function of the 
slope of both curves. 

jfct 

£* & Abatement 

Figure 5-6: Cooperation and non cooperation solutions 
Source: Barret [1991b] 

The argument for cooperation is the perspective of a greater marginal benefit. But as CO? emissions 
are uniformly distributed in the atmosphere, a country can easily refuse to sign the International 
Climate Agreement (IC A), and still take advantage of the emissions reduction. A nation is therefore 
willing to participate as long as the benefit of cooperation is greater than that of free-riding. 
Accordingly, the ICA is stable when no other country wants to enter the agreement That is when 
the profit of participation is equal to that of non participation. 

Consequently if countries start leaving the agreement, it becomes weaker. The benefit for each 
country decreases, because fewer nations are taking part. If many nations do so, the ICA may then 
even collapse [Barrett, 1991a]. A very good non-monetary reason to participate is the existence of 
the agreement itself. For example, all countries directly concerned by the Global Warming Effect 
would probably participate, even if a reduction of their emissions would not bring much. If the 
signatories want more members in the ICA, they will have to make side-payments. But then they 
would be renouncing a pan of their benefit in order to give it to a new member. This is not a Pareto 
optimal solution, but it could be a second-best solution, where a stable point is reached for the 
agreement (see section 5.2.2). 
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Barren [1991a, 1991b] arrives at the conclusion that the need for an agreement is great when both 
s> opes of the marginal cost curve and of the marginal benefit curve are steep and when the problem 
is global. He also shows that, even when the marginal benefits are high, only a small number of 
countries will be interested in participating in an ICA. In the problem of global warming, the 
marginal cost of reducing emissions is high, but the marginal benefits are high as well. Therefore 
in that case, an ICA is highly necessary. Nordhaus [1991] maintains that the benefits of reducing 
CO2 emissions would not be so high. Therefore cooperation is not really necessary and if it should 
occur, then the nations would not be very willing to do much [Barrett, 1991 a]. But other economists 
do not agree with this statement and suppose marginal benefits would be high [Pearce, 1991]. 

Game theory approach 

The failure of cooperation is often due to a lack of communication between the participants. This 
can be illustrated by means of the well-known "Prisoners' Dilemma". Suppose two nations A and 
B are considering whether to introduce an environmental policy (EP) or not (NEP). If both decide 
to do so, it is assumed that each of the participating countries will secure a pay -off of 5. If A decides 
to introduce an environmental policy and that B decides to do nothing, implementation of the policy 
will cost A 3, while B gains a total of 8. Environmental quality of the latter has improved, without 
having to pay for it.4 The pay-offs are the same for the opposite strategy. The last possibility is that 
both countries undertake no environmental policy and consequently gain nothing. The possible 
pay-offs are shown in the matrix of figure 5-7. 

It is assumed that each nation maximizes profit, is risk averse and that there is no information flow 
between them. Then, according to the pay-off matrix (figure 5-7), each nation will separately decide 
to do nothing, hoping the other will undertake something. So they end up with no benefit at all. 

Another strategy is that they agree on what they are going to do. Hence A might be ready to undertake 
an environmental policy if it is sure that B will do the same. So each ends up with a pay-off of 5, 
instead of 0. According to the Folk theorem if such a game is played repeatedly the situation will 
necessarily end up with the Nash equilibrium of 5 to 5 (under the assumptions that there must be 
complete information and future gains must not be too greatly discounted). For instance if A says 
to B: "Our government will maintain an environmental policy as long as yorjs do the same, but if 
you once deviate and stop your policy, then we will stop ours too." Therefore, country B will 
consider if it is willing to renounce a repeated gain of 5 to secure a one time gain of 8, knowing that 
A will stop its environmental policy for good. Therefore they both will lose for the rest of the game. 
As it is assumed that the players are rational, B will not change its strategy and they will certainly 
continue cooperating. However, when such games occurs repeatedly in reality, it is always due to 
some changes in the conditions, such as technological progress, growth etc. So agreements must be 

4 This is also valid when one considers global pollutants. 
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Country 
A 

EP 

NEP 

Country B 

EP 

5,5 

8,3 

NEP 

3,8 

0,0 

Figure 5-7: Game theory example two 

flexible enough to be adapted to these changes, otherwise they would lose efficiency. According to 
Maler [1991: 87], the only way to avoid this problem is to make the information available for 
everyone. 

Another game, slightly different from the first one, is illustrated in figure 5-8. If nation B (we assume 
symmetry in the possible behaviour of each nation) introduces an environmental policy, but A does 
not, this time B has a net benefit of 3. In this situation, the issue of the game is less certain. For 
example, if nation A is a rational player, willing under any condition to maximize its benefit, it will 
choose to do nothing. And if B has the same attitude, again they end up with no gain at all. But 
suppose that nation B has some pressure group strong enough to convince the government of the 
necessity of even a one-sided environmental policy, although its benefits are not as high as under 
an agreement. Then B will have a gain of 3 and A of 8. To reach the cooperation situation might 
then be much more difficult than if both were willing to do so from the start. 

Country 
A 

EP 

NEP 

Country B 

EP 

5,5 

8,-3 

NEP 

-3,8 

0,0 

Figure 5-8: Game theory example one 

Another game is considered where the benefits are net symmetric as in figure 5-9. In this case, 
country A wants to introduce an environmental policy, but for B it is more interesting not to do so. 
Thus A gains 5 instead of 8, which is still better than nothing. However, if A is really willing to 
convince B to cooperate, it can make a side-payments of 2 to B. Hence B receives the same benefit 
as if it were doing nothing, and A is still in a better situation than before. Without side-payment the 
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Country 
A 

EP 

NEP 

Co Mry B 

EP 

8,3 

4, -4 

NEP 

5,5 

0.0 

Figure 5-9: Game theory example three 

most probable solution is that B will stay passive and that A will introduce an environmental policy 
(see also Anderson [1991], Kreps [1990]). 

The issue of the games presented here is rather simple. But the complexity increases when more 
nations are playing or if one or many of them display risky behavior. If probabilities are attached 
to each strategy again the outcome of the game might be different 

By using a game theory approach under cost minimization, Hoel [1989] demonstrated for global 
commons that if a country in a non-cooperative situation decreases its emission level, other nations, 
acting selfishly, will increase their emission production(this is the same result as found in the section 
5.1.3).5 However, the total amount of emissions should decrease. But then the situation of this 
country might be weakened if a negotiation process starts. This is true only with low marginal costs 
of reducing emissions. Hoel also maintains that it is not in the interest of the whole community, if 
only one country decides to reduce emissions. The only benefit might be that it could motivate other 
countries to introduce an environmental policy as well. This aoproach allows side-payments that 
could secure the participation of nations, which would otherwise not be willing to participate (see 
subsection 5.2.2, and Maler [1990,1991], Hediger and Corbaz [1992]). 

This way of treating environmental problems is closer to reality than what can be learned under 
Pareto optimality assumptions. It makes a sketch possible with situations where different partners 
with differed behaviour patterns come into play, leading to interesting results. These are not the 
same as those resulting from the traditional economic theory. The game theory asks for rational 
players. But here the players are governments which do not always act rationally. Hence, the game 
theory might not give all possible solutions to a negotiation process. Even when cooperation is 
theoretically considered it does not always seem to occur naturally. Apparently it is when nations 
really need cooperation, that it fails to come about. Game theory is an instrument that explains why 

5 Hoel is considering a normal nation wbicb undertakes a unilateral action. 
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cooperation can fail. It could therefore be used to simulate the efficiency or inefficiency of 

cooperation for improving environmental quality under consideration of the global dimension of 

the problem and economic activities occurring between nations. 

5.2.2 Starting up international negotiations 

The marginal cost approach is probably the best solution for the assessment of the price of avoiding 

climate change,6 therefore it will certainly be used to estimate the level of a tax in the negotiations 

of an ICA. Before considering the fixation of a reduction target and a possible solution for a tax 

with transfer payments, the idea of marginal cost is introduced. 

Marginal cost approach 

The marginal cost approach is fundamental to economic analysis. It denotes the additional co>t of 

an activity, such as the coct of an extra unit of output produced (marginal production cost). The 

notion of marginal cost can also be applied to the damage done by pollutants. It expresses the extra 

cost of damage done by an additional unit of pollution (marginal damage cost). The same idea is 

valid for the marginal cost to reduce pollution, which indicates the extra cost of reducing pollution 

by one unit (marginal abatement cost). Accordingly the marginal cost allows to put a value on a 

commodity which is not reflected in the market price. 

Under the assumption of perfect competition, the optimal tax rate is equal to the marginal cost of 

damage and the marginal abatement cost and is called the Pigovian tax. It must be levied on polluting 

activities in order to achieve Pareto optimality. In this case, private cost is perceived by the 

externality generating party as equal to the social cost of the considered activity [Pearce, 1986:327]. 

In the framework of this problem society is faced mainly with abatement costs. In this context, the 

marginal cost curve expresses the "marginal cost of an additional increase of emission reduction as 

the slope of their cost function" [IEA-ETSAP, 1990]. Figures 5-10b and c present the marginal cost 

curves of nations A and B. The "national cost function can be aggregated into an 'international cost 

function' by summing the emission level of the several nations at the point where their marginal 

costs are the same" [IEA-ETSAP, 1990], this constitutes the curve in figure 5-10a. 

Same reduction level for all nations 

All participating countries agree on a unilateral percentage of emission reduction, independently of 

their own marginal cost curve. In this solution, the differences in the cost of reducing emissions are 

6 For other methods to assess the "full" price of the environment see Annex 5A. 
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not considered and it is not a least-cost solution. Looking at figure 5-10, we see that the marginal 
cost of reducing emissions by 50% in country A is higher than for nation B. So it might be more 
efficient if country B would reduce more, because this would be cheaper.7 

0 50% C°2 m- 50% C02em. 50% C02em. 

a) Global curve b) Nation A c) Nation B 

Figure 5-10: Unilateral reduction of CO2 emissions 

One of the main objections to this solution is its inefficiency. For the industrialized nations, the cost 
of reduction will often be higher than for the less developed countries (LDCs). The linear reduction 
does not consider the cost of the reduction and consequently the economic situation of the 
participating nations. 

Marginal cost valid for all nations 

Here, the signatories will negotiate a global percentage of emission reduction. Thus it "will be 
achieved at least cost by allocating the reduction among nations at the levels where their marginal 
costs of reduction are equal" [IEA-ETSAP, 1990]. This will lead to a different percentage of 
reduction for each country, but at the same international tax rate. 

This solution has the advantage of considering the economic situation of each country, as well the 
efficiency of the energy system. For example a relatively high marginal cost for emission reduction 
will fall on an industrialized nation and a lower costs on a less favoured country. So forces and 
investment resources will be concentrated on the nations where it is the most efficient to reduce 
emissions. 

7 See also Hoel [1991a, 1991b]. 
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The global dimension of CO? implies that the reduction of these emissions cannot only be considered 
from a national perspective. It seems difficult for a nation to choose an optimal level of reduction 
on the basis of its national marginal cost curve, and to hope at the same time that this would lead to 
an efficient solution on the glo' J level. Negotiations between countries are a prerequisite. Fr^ai 
the start it should be based on the global marginal cost curve, because it is cheaper to reduce 
emissions in some nations than in others. The use of such a rationale will certainly increase the 
chances of success. Tli*re are other problems which must be studied (tax or pollution permits, 
financial and technological transfers) and are addressed in the next subsection. 

Tax solution and international transfer payments 

As shown above, nations will agree to cooperate only if they are sure not to lose. Therefore an 
efficient ICA should include an incentive to secure the participation cf countries, which at first sight 
are not willing to cooperate. 

Three hypothetical countries or groups of nations with identical marginal cost curves, as in the figure 
5-11. are differently effected by climate change. It is assumed that the group of nations A wants to 
reach a global stabilization of C02 emission production. The two other groups of nations B and C 
are not interested in decreasing their emission levels because they feel less conceT ied with the 
problem. A is willing to undertake, for instance, a 50% reduction of its emission production. But 
the marginal cost, MCA(Ej), of reaching this target is very high (cf. figure 5-11). It would be much 
more interesting if A would convince another group of nations, say B, to cooperate. If we assume 
exponentially increasing cost curves, the marginal cost of the two groups of nations would be 
reduced by more than half [Hediger and Corbaz, 1992]. Group A will profit by cooperation 2iid 
therefore has an interest in making transfer payments to B to secure its participation in the ICA. 
When B cooperates, the tax rate is smaller than under unilateral solution. This is also true if only A 
charges for emissions and fully supports abatement in B. In fact, 2MCA+B(E?)<MCA(Ej), A's 
marginal cost are still smaller than in a unilateral case. The marginal cost would be even smaller if 
the agreement is extended to group C. As the cost of reducing emissions are so much smaller, the 
decision could be made to reduce even more. This could still be an interesting solution for A. 

A's tax revenue can be entirely transferred to nation B to support technical change and reduce 
substitution costs. However, if only a part of the tax revenue went to B, the rest would be 
redistributed to either consumers and/or producers within A. Theoretical foundations are to be found 
in Hediger and Corbaz [1992], where the interesting result is prese .ed that country A's tax rate 
level is also determined by the sum of B's net marginal control cost after compensation (B's carbon 
tax rate) plus the marginal opportunity cost of emission control in B, if the latter's activity level 
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MCA(Ei) -

2MCA^Ej) 

-A-_ 

Figure 5-11: Tax solution with international transfer payments between three groups 
of nations 

further increases (non restriction on B's economic development due to the ICA).8 In other words, 
it is more efficient to transfer a part or the total of the tax revenue to a group of nations with lower 
marginal cost, here B. Consequently A will reduce the optimal tax rate and the negatives effects 
(dead-weight loss) on its economic activities (see chapter 3). The welfare loss in this case will be 
smaller than under a unilateral action. This rationale stays valid if the foreseen emission reduction 
is equal or larger than A's production (EA). Therefore the importance of cooperation and the 
interrelation between the tax rates of cooperating countries are emphasized in this work. 

Maler [1990,1991] has illustrated the advantage of side-payments in his acid rain model (see next 
subsection and Hediger and Corbaz [1992]). But Folmer et ai. [1991] showed that with the help of 
interconnected games, side-payments would not be necessary, because when a nation is involved 
in different negotiations on trade (GATT, EC), security, etc, its participation in an ICA might 

8 The use of the term "marginal control cost" is equivalent to marginal cost. This is due to the fact that the model 
is optimized in a dynamic world. 
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be induced with propositions of advantages or threats of withdrawal of some of them in other 
cooperation domains. 

The reader should also keep in mind that a country may have many other reasons than environmental 
economic ones to want an agreement settled. For example, J. Krutilla [1967], in studying the 
economics of the Columbia River Treaty, found that from an economic point of view Canada 
profited much more by it than the United States. So he researched the motivation of the USA. Among 
other reasons, he found that the USA lay value on keeping a good relationship with its neighbor, an 
important trade partner (quoted from Maler [1990]). 

53 Implementing an International Climate Agreement 

The object of this section is to give an overview of how an ICA could be designed. The three systems 
discussed the most in literature are presented here: an international carbon tax, an international 
system of tradeable permits and a system of national tax with international transfer payments. Next 
the problem of deforestation and reforestation, which should be included in a credible ICA, are 
presented as well as an overview of the world situation and of the attitude of a few groups of nations. 

In fact, countries with large forestlands participate in the absorption of a part of the C02 emissions. 
These nations are not paid for this function. Unfortunately forests exploitation is also a source of 
revenue for them, most being LDCs. As they receive no advantage for tending their forests, they 
often overexploit them. Payments for preservation and afforestation could be financed either by 
means of a tax reduction or extra emissions permits, or even better by means of financial or 
technological transfers from countries which utilize this absorption service either through importing 
timber or exporting waste. 

5.3.1 Starting up an ICA based on an international tax on CO2 emissions 

For the discussion of the normative framework of a carbon tax, the reader will refer to chapter 3. 
Under the assumptions of perfect competition, the idea of a Pigovian tax is to equalize marginal 
damage cost and marginal abatement cost. This solution is Pareto optimal. However, Baumol and 
Oates [1971] considering the difficulties in obtaining information on the shape of the marginal 
damage curve in order to determine the optimal level, suggested the charges and standards approach. 
This method "consists of the use of a set of standards that serve as targets for environmental quality 
coupled with fiscal measure and other complementary instruments used as means to obtain these 
standards" [Baumol & Oates, 1988:159]. This leads to a least-cost solution, although it is no longer 
a Pareto optimal solution (cf. section 3.4). 

As suggested in section 5.2.2 and in chapter 3, the level of the tax should be calculated according 
to the global marginal abatement curve. Whereas each nation has a different marginal abatement 
cost curve, each will have a distinct reduction target. Note that we do not consider the instruments 
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that could be used to reach the objective on the national level. The collection of the international 
tax, the redistribution of financial supports, the control of the CO2 emission production should be 
realized by an international institution. We call it the "Bank of the Environment" (BoE). 

For a delimited period, the reduction targets are fixed for each nation, and the tax rate is globally 
determined. So each country will have to pay an international tax on its C02 emissions production. 
This would act as an incentive for governments to motivate their national industries to reduce their 
emissions and therefore reducing the tax burden. The J>oE would collect the tax. One of the 
conditions of an IC A is the existence of financial and/or technological transfers to LDCs. Therefore, 
the tax revenue should be redistributed, to provide help for the economic development of the less 
favoured nations, thus helping to control CO2 emissions in these countries. As suggested in chapter 
4, for efficiency requirement, the money should go to support economic agents in reducing CO2 
emissions, i.e. for investing in clean technologies, or development projects which should, among 
other things, limit CO2 emissions (for example to help people in LDCs to use in a more rationale 
way wood and other energies) or help to finance transfer of clean technologies. 

This brings up to the first problem of an international tax. Industrialized nations might not be billing 
to renounce the large revenues a carbon tax could bring. The same is valid for LDCs, which are 
always in need of money. They might not agree to give this money to the BoE, without being sure 
they would get it back in some form or another. Therefore, the existence of financial and/or 
technological transfers is one of the most important incentives to secure the participation of LDCs. 
Nevertheless it may be difficult to choose the rules according to which money should be returned, 
projects and countries are selected for financial support, and so on. Apparently the most important 
problem of an international tax on COz emissions is that a simple system for revenue 
distribution will not be easily find. 

An alternative solution could be that only a percentage of the tax revenue should be given to the 
BoE and then be redistributed to LDCs. But most of the problems stay unsolved, and this solution 
might be less efficient than the other. Another solution is that each nation would be obliged to 
dedicate a percentage of the tax revenue to support projects or to ensure technological transfers in 
one or more LDCs. If no BoE existed, it would imply the conclusion of many bilateral agreements, 
the transaction costs of which would be higher. 

If a nation does not reach its reduction goal, it shou?d be possible to tax the extra production at a 
higher rate. Supplementary revenue could be put into a special Fund and spent to support particular 
environmental projects, to motivate new participants or to help nations which are put to a difficult 
situation (financial or other) by the tax (Barrett, 1991b: 93]. At the end of the period, new targets 
and tax levels would be assessed for the future. 
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Another problem is how to assess the emission targets or, in other words, how to collect information 
on the shape of the marginal abatement cost curve.9 In addition it is very difficult to define the 
optimal tax level, many adjustments would have to be made until the tax rate is optimal. This would 
lead to inefficient outcomes. 

Apparently the implementation of an international CO2 tax does not seem easy, according to the 
complexity of the international community. However the tax solution offers a second-best solution 
under the form of national tax and transfer payments between participating countries (see section 
5.3.3). 

5.3.2 Starting up an ICA based on international tradeable CO2 emissions permits 

The idea of tradeable pollution permits was first suggested by Dales [1968] and then analyzed, 
among others, by Tietenberg [1985]. It is characterized by a predetermined set of environmental 
standards and leads to a cost-minimizing solution for the entire economy.10 We will see how an ICA 
based on tradeable pollution permits could be designed. 

The rationale is that at the beginning of a limited period, tradeable emission permits will be sold to 
the participating nations according to specific criteria. Theoretically each nation is not allowed to 
emit more C02 thar. permits authorize, therefore it may be obliged to reduce its CO2 emission to 
that level. 

Tradeable emission permits can be offered on a "market for permits", where the price is a function 
of supply and demand of permits. Consequently the rich, industrialized nations would probably buy 
most of the available permits, and the LDCs would not be able to get enough of them without taking 
out loans — thereby endangering their economic development Clearly, such an ICA would never 
be accepted by the latter, because permits would not be equally distributed.11 The distribution of 
the permits is again an important problem (see next subsection). 

But tradeable pollution permits could be a reasonable alternative for redistribution, if they were 
distributed to the participating nations in such a way that the LDCs received more than they really 
needed and the industrialized nations less. The latter will seek to buy permits from nations, who 
have some to spare. This method would secure financial transfers to the LDCs. For instance, 
suppose country A has too many permits. It can make use of its pollution permits either by 
developing its national industry or selling them. The money it receives from the sale could be used 

9 This problem is also valid for tradeable pollution permits, see next subsection. 

10 From a theoretical point of view, the tradeable permit solution leads to the same least cost solution as a global 
tax. 

11 This is the same problem as a global tax solution based on a unilateral reduction of CO; emissions (see subsection 
5.2.2). 
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in improving local industries, buying technologies, etc. From a theoretical point of view it would 
be much more interesting to sell them as long as the market price is higher than the marginal damage 
cost of increasing the emission level. The permits couJd also be paid for with technology or 
know-how transfers. This solution has the advantage that it would not slow down economic 
development of the concerned countries. And a nation which does not have sufficient pollution 
permits can either decrease its emission level or buy permits from LDCs. It will buy additional 
permits as long as the market price is higher than the marginal cost of reducing emissions. Permits 
that remain unused during the period could be bought by the BoE for at least the market price, but 
they could also be an entitlement to new permits for the next period. Countries having overpassed 
the quotas and not possessing the necessary permits, would have to pay a penalty fee on the surplus 
emissions. The addiuonal revenue could be spent on special projects or invested in countries facing 
a difficult situation. 

This solution offers a new source of revenue for LDCs. However, it should be spent on projects 
which contribute to the reduction of emissions. Consequently, the ICA should include such a 
condition, because the risk exists that LDCs spend this money in some "prestige" expenditures, such 
as military ones, etc. Industrialized nations would have an incentive to reduce their emission level 
as long as it is cheaper than buying more permits. And then by doing so they would indirectly 
participate in a welfare redistribution. The permit solution can allow an increase of the emissions 
level in LDCs'. And of course nothing keeps a nation from reducing its emissions even more. In 
this case it could increase its revenue by selling the unused pollution permits to other nations. 

The permits markets would be controlled by the BoE which would issue, buy and sell the emission 
rights. However, nations might not agree to relinquish any power to a supranational organization, 
in which case they could exchange permits directly. This alternative is less expensive than the BoE 
option, but it could lead to less efficient solutions or to abuses. The existence of a control institution 
like the BoE could at least guarantee the reliability of this particular market 

5.3.3 Starting up an ICA based on national taxes and international transfer payments 

This subsection proposes a second-best solution for a global carbon tax, namely a system of national 
tax with international transfer payments. From a theoretical point of view this solution is similar to 
the second-best solution presented in the subsection 5.3.1. For a start only a small group of nations 
is necessary for the conclusion of an agreement. This group should, if possible have similar marginal 
cost curves. They can introduce a national tax on CO2 emissions, but their main interest would be 
to convince other countries to participate in the agreement. Especially nations with lower marginal 
cost than theirs. Hence they could bargain with new participants on transfer payments. And if they 
finally agree, their national tax rates would decrease. 

There are additional advantages to this system. For instance a supragovernemental organization is 
still necessary, to control emission production and the process of transfer payments. But it has a less 
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important role to play in comparison to an international lax solution. In addition, the redistribution 
of the tax revenue is itself at the roots of the agreement Therefore, all nations have an incentive to 
participate. There should be no losers relative to any other solution. Nations with high marginal 
cost, have the advantage of a lower tax rate than in a unilateral solution. Countries with low marginal 
cost curves receive money or technological transfers for participation in the ICA. This also enables 
improvement in the economic development of these countries. 

However, it seems that in reality side-payments are not often used because nations which would 
accept them are considered to be weak negotiators. Side-payments are also the illustration of the 
victim pays principle, the opposite of what international organizations have suggested for environ
mental problems. The OECD [1975] namely, has recommended the polluter pays principle. 
Excepting the difficulties bound to the redistribution of tax revenue, the other problems of the tax 
solution still exist. 

5.3.4 Allocation of carbon emission rights 

Both the tradeable permits and the international tax solution imply that one must find optimal criteria 
for the distribution of permits and emission targets. The usual discussion about criteria for assessing 
"pollution rights" is based on GDP, emission levels, etc. (see Grubb [1989], Bach and Jain [1991], 
Benhaim, Caron, Levarlet [1991]). Grubb [1989] proposes allocating "carbon emission permits in 
proportion to national population". To avoid encouraging an increase in population, he also suggests 
a minimum age requirement He justifies this criterion with the moral principle "that every human 
being has an equal right to use the atmospheric resource". It is notable that his proposition seems 
to meet the agreement of many environmental specialists. But there is also criticism. For instance, 
Godard [1991] thinks that it is confusing to give pollution permits to governments, according to a 
criterion of equality (each human being has the right to emit a certain amount of emissions). 
Moreover the population criterion does not make consideration of future generations [Barrett, 
1991b: 91]. Atmospheric concentrations of greenhouse gases will increase, along with population 
growth. It is the case, that giving to each human being the same "right" to use the atmosphere would 
impede the rights of future generations to a stable climate. 

The main obstacle in reaching consensus on criteria for assessing carbon rights or emission targets 
is the difference between economic development, energy and industrial sectors and the level of 
consumption. So an alternative could be to create an indicator reflecting the differences which 
directly or indirectly influence C02 emissions. It should at least include the GDP and the population, 
but also the structure of the energy sector; i.e. main sources for electricity production, fossil fuels 
consumption and so on. Thus, the considered factors must correlate well with CO2 emissions, so 
that the positive or negative variation of a factor could be compared with national emission 
production. If we restrict to the main economic measures, a reasonable indicator could be found. It 
should also account for the deforestation/reforestation in some countries. However the problem of 
allocating emission rights might act as a serious objection against a global climate policy, even 
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though both are based on a global carbon tax or a system of tradeable emission permits. In fact, the 
problem of "prices" and quantities is a dual one. 

5.3.5 World situation 

Without entering into details of the world's production of CQj emissions, figure 5-12 gives an 
overview of the most important carbon producing nations. Table 5-1 widens it with the emission 
production of other nations, including Switzerland. An agreement between most of the countries 
without China and CIS would not be successful. As USA, CIS and China produce more than 50% 
of all emissions, the efforts undertaken by the rest of the world to reduce emissions, would only be 
compensated by the growing production of these three nations. 

Without deforestation With deforestation 

Total: 5684 millions tons C Total 8490 millions tons C 

Figure 5-12: World production of Carbon emissions (millions tons) for year 1987 
Source: WRI1990-1991 

France 

Germany 

Sweden 

Switzerland 

94,2 Mil. tC 

267 

156,9 

42 

Brazil 

Mexico 

Thailand 

South Africa 

53,54(1253,54) 

81,6(113,5) 

15,5 (109,5) 

78 

Tabic 5-1: Carbon emissions of a few countries during 1987. The amouts in 
brackets represent tbe emission production with deforasiation 
Source: WRI 1990-91 
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53.6 Groups of countries 

International analyses or simulation studies of an ICA show that different groups of countries can 
be constituted, according to their position in the face of negotiations; i.e. their economic develop
ment and their CO2 production (see Grubb [1989], Bach and Jain [1991], Benhaim, Caron, Levarlet 
[ 1991 ]). Without entering into details of each study, a brief overview of the major groups is presented 
(reference is made mostly to the works of Benhaim, Caron, Levarlet [1991]). 

OECD countries 

This group includes almost all industrialized nations, having many similar characteristics: high 
GNP, rather efficient energy system12 and so on. However some homogeneous groups can be 
observed. The USA is actually the biggest producer of CO2 emissions. Its energy system is fairly 
less efficient than some European countries. In addition, up to now the USA has not been in favour 
of an ICA, for fear it could slow down its economic growth. Canada's government tends io defend 
the same view as the U.S. government, because they have many economic bonds. But apparently 
Canada shows more concern and motivation than its neighbor; the population having more influence 
on the government 

Another group of nations is that of the European Community (EC), which demonstrates willingness 
to introduce a common policy to limit CO2 emissions. They are discussing the introduction of a 
carbon tax, which should not be enacted before the main economic partners of the EC have 
introduced similar policies. The Netherlands have already limited some emission production 
[Poterba, 1991]. However, there is quite a gap between the less developed southern European 
countries and the northern ones. Another problem is that the emission levels of some countries has 
already been reduced, due to an increase in the nuclear energy proportion of electricity production. 
This is the case for France where CO2 emissions have been decreasing by 30% during the last fifteen 
years. A positive point of the EC plans is that the member countries seem willing to consider financial 
and/or technology transfers to Less Developed Countries (LCDs) and Eastern countries. Among the 
non EC-members, Sweden and Finland have also introduce a carbon tax [Poterba, 1991]. And during 
the Rio Conference of June 1992, the Netherlands, Austria and Switzerland were willing to sign an 
agreement to stabilize their emissions at the level of 1990 by uV year 2000. But the Netherlands 
had to withdraw under the pressure of the European Community, which is not willing to undertake 
an action as long as its trade partners do not follow. Hence the agreement was finally signed by 
Austria, Switzerland and Liechtenstein. 

Up to 1990 Japan refused any engagement in the discussion of a reduction target for C02 emissions, 
because there was no proof of the global warming effect. Since then it is supporting actions aimed 

12 Concerning CO2 emissions and other pollutants 
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at the conclusion of a convention at the World Conference in Rio. New Zealand shows a strong 

interest in the problem and presents itself as a leader among the nations within that area. In addition, 

Australia, very much concerned about ozone depletion, is strongly engaged in the negotiations 

process for an ICA. 

Eastern couitries 

A second group of nations are the Eastern European countries. They are characterized by an energy 

system mostly dependent on carbon exploitation, which is generally less efficient than that of 

western Europe. Furthermore it is disadvantaged by an old production infrastructure and an economy 

in a difficult position. Their governments show little interest for the problem, having to face 

restructuring their planned economies into a free market The main energy resource is based on 

carbon, but the old state of the exploitation infrastructure and international competition could also 

lead to a new restructure with a positive impact on C02 emissions. The main problem is in realizing 

an alternative energy system. The situation is made more complicated because of the instability of 

the area; namely in the former USSR and the self-determination processes occurring in many 

countries. 

China 

China is the second largest producer of CO2 emissions, with an energy structure also strongly carbon 

oriented. It is not willing to conclude an ICA, that would certainly compromise its economic 

development The problem is that if China does not participate in ICA, the growth rate of its CO2 

emissions might compensate the reductions accomplished by all other countries. For instance, 

Kappel and Staub [1989] estimated the growth of Chinese C02 emissions between 1,9 and 3%, 

according to different scenarios. This represents an increase of between 11,3 and 17,8 million tons 

of carbon per year (1989). 

Rest of the World 

The rest of the world (ROW) includes the very large group of nations not considered up to this point 

Its main characteristics are the same as those of the LDCs: debt, strong population growth, health 

problems, etc. In Africa subgroups are distinguished according to how they will be effected by the 

global warming. Most C02 comes from deforestation and the use of wood as an energy resource. 

Deforestation also effects CO2 emissions, because it reduces the carbon absorption capacity of 

forests. Most countries, especially in Africa, are confronted with other acute problems: debt, 

beginning of democracy process. An environmental crisis would worsen the situation. In South 

America, the main problem is deforestation. Particularly Brazil is strongly engaged in negotiation 

discussions. Although like others it is not ready to reduce emissions at the cost of its economic 

development. The situation is similar in Asia. India, as China, faces the problem of highly increasing 

emission production. However India shows more interest in negotiating an ICA and represents the 
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interests of LDCs. Another group should be taken into consideration the oil producers : OPEC, 
which are presently against the introduction of a carbon tax. 

According to the diversity of interests, the conclusion of an ICA is far more complex than described 
in theory, although it is not necessary that all nations participate in the agreement According to 
Bach and Jain [1991], the participation of about 40 nations in the ICA should lead to an efficient 
reduction of the world CO2 production. They are grouped as follows: 

- Economically strong: USA, Germany, Japan, UK, Canada, France, Italy, 
Australia, Netherlands and Belgium 

- Economically less strong: Spain, Greece and Portugal. 

- Economically weak: CIS, Poland, Czechoslovakia, Rumania, Yugoslavia, 
Bulgaria and Hungary.13 

- Arabic oil-producer: Iran, Saudi Arabia, Algeria, Kuwait, Libya and Oman 

- Others: South Korea, Hong Kong and Singapore. 

- Developing: China, India, South Africa, Mexico, Brazil, North Korea, 
Turkey, Venezuela, Argentina and Indonesia. 

In 1986, these 40 nations were responsible for 94% of the world CO2 emissions. 

5.3.7 Conclusion 

In this section an overview was presented of the beginning negotiations for an ICA, based on 
different instruments. From a theoretical perspective, a global carbon tax or an international market 
for tradeable permits both lead to an optimal solution. But neither of them entails a simple system 
for the redistribution of the tax revenue or for the fixation of the emission targets. An alternative, a 
system of tradeable permits, is often discussed in the economic literature. The initial distribution 
should be done in such a way that the "rich" countries (typically with high marginal cost) would 
receive only an insufficient amount and the other nations (with low marginal cost) would receive 
more than they require. Consequently a market for tradeable permits would appear, resulting in 
payment from the "rich" to less developed countries. An equivalent alternative (theoretically) is a 
system of national tax with international transfer payments. One of its advantages is that it could be 
started by a small group of countries. 

Barrett [1991b: 87] discusses the efficiency of each proposed solution. Apparently, a tax solution 
seems to be more efficient than tradeable permits. For the tax solution only the effected goods (gas, 

13 All the eastern nations are included in this group, some of them have actually disintegrated or are in the process 
of creating new nations, for convenience the old names have been used, excepting CIS. 
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coal) need to be known, as well as controlling to see if consumers and producers react correctly to 
the tax incentive by reducing their emission levels. But for the tradeable permits solution, even if 
trade rules are efficient and if trading takes place where there are potential gains (meaning where 
the marginal benefits are higher than marginal costs), there is no guarantee that the system is 
efficient There are two drawbacks: trading permits imply higher transaction costs than a tax, and 
it is uncertain that the market is completely competitive. Therefore a tax solution seems better than 
a permit system. 

Moreover, observing what is going on after the Rio Conference, it seems that a solution of national 
taxes with international transfers is more likely to be agreed upon than an ICA with a global carbon 
tax or tradeable permits. In fact there is a small group of nations (the Netherlands, Switzerland and 
Liechtenstein) with high marginal costs which have already committed themselves to stabilize their 
emission production, and a group of nations that is highly concerned by global warming (Maldives, 
Brazil and others), and are willing to take actions as long as it is not at the cost of their economic 
development There are few other countries, which presently do not feel concerned. Apparently with 
the appropriate strategy all the players, necessary for an international climate game are present 
Looking at their strategy it could be the starting base for the negotiations of a system with national 
taxes and international transfer payments. 

5.4 Policy options for Switzerland 

The following is a brief presentation of the political alternatives for Switzerland:14 

- unilateral introduction of a carbon tax (no cooperation), 

- introduction of a carbon tax within an ICA, 

- free-riding. 

Whether there is cooperation or not illustrates the behaviour of the rest of the world It is supposed 
that the production of Switzerland is not C02 intensive and 'hat the marginal cost of reducing 
emissions is high. Therefore the country is specialized in the production of non emission intensive 
goods. Although one must recall that during the Rio Conference in June 92 Switzerland, Liech
tenstein and Austria signed an agreement to stabilize CO2 emission by the year 2000 at their 1990 
level. This could be used as a based to start international bargaining. 

14 The characteristics of the Swiss energy system and CO? production are presented in chapter 2, and (be marginal 
cost estimations in chapter 6. 
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5.4.1 Unilateral introduction of a carbon tax alone 

If Switzerland decides to introduce a carbon tax without cooperation, it would be a unilateral action, 
as described in section 5.1. 

The introduction of a carbon tax would effected the price of energy first Considering the energy 
structure of the country, the consumption of natural gas could increase because of the substitution 
effect (gas contains less C02 than fossil fuels). Fossil fuels and gas would be substituted by 
electricity (theoretically fossil fuels and gas should be more expensive after the introduction of the 
tax, than electricity). However the renewable proportion of electricity production (hydropower) has 
a limited capacity. The same is valid for nuclear production, because of a restricted moratorium. 
And the possible scenario of a nuclear power plant being temporally or definitely shut down has 
not been considered. Consequently, it is very possible that the increase in electricity demand could 
be satisfied by an increase in importation. Hence, dependance on foreign exporters of fossil 
fuels will be substituted by a dependance on electricity exporters. 

From an economic perspective, the introduction of a carbon tax would give rise to great welfare 
losses. Apparently, the consumer will suffer most by such a tax. This would certainly be the case 
at least in Switzerland, where C02 emission intensive sectors are heating and traffic (see chapter 2). 

The econometric model developed by Stephan, Van Nieuwkoop and Widmer [1991] gives an idea 
of the possible impacts of a carbon tax on the Swiss economy. Without entering into details of the 
study, table 5-2 present the growth rate of the GNP. Scenario 1 illustrates the stabilization of CO2 
emissions at the 1985 level and scenario 2 a 20% reduction of the 1985 emission level by the year 
2005, in comparison to the reference case. Table 5-3 illustrates the same situation but under the 
assumption that the elasticity of substitution between energy and capital is high. They came to the 
conclusion that the first scenario is more reasonable for Switzerland, and that the economic cost of 
the second is too high. The results 0/" this study must be taken with caution, because of the lack of 
statistical data. The authors admit they had to make some "heroic assumptions". This simulation 
also does not include factors of possible technological progress. Nor does it considers the redistribu
tion of the tax revenue (total or partial) in the economy, in form of subsides for research and 

GNP (Mio. FT) 

Growth rate p. year 

Reference ca

se 2005 

652*810 

1,05% 

Scenario 1 

630*669 

0.88% 

Scenario 2 

610*251 

0,71% 

Table 5-2: Annual growth rate of GNP with a small elasticity of substitution 
between capital and energy 
Source: Stephan et al. (1991) 
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GNPfMio.Fr) 

Growth rate p. year 

Reference 
case 2005 

652809 

1.05% 

Scenario 1 

628'072 

0,86% 

Scenario 2 

601836 

0,64% 

Table 5-3: Annual growth rate of GNP with a high elasticity of substitution 
Source: Stephan et al. (1991) 

development of new technologies, which after a while can boost growth. But this could be an 
opportunity for Switzerland to stimulate innovative researches in clean technologies, which 
could reinforce its comparative advantage and open new "market perspectives". 

If we think in the perspective of sustainable development, the improvement of the environment is 
also a benefit, its price being only an estimation. But considering the C02 production of Switzerland, 
a 20% reduction in production would be unnoticeable on the global level. Within the same reference 
period it would be compensated by an increase in the C02 emissions of other countries, mainly 
LDCs. Therefore the introduction of a carbon tax alone does seems an unreasonable option. But 
other reasons which could justify the choice of such policy have as yet not been considered. 

5.4.2 Introduction of a carbon tax within an International Climate Agreement (ICA) 

This option is the optimal solution the improvement of the global environmental quality. Consider
ing the welfare losses due to the introduction of the tax, participation in an ICA would at least bring 
a higher benefit (the improvement of the environmental quality) and some trade advantage, 
especially for a country with a comparative advantage in the production of non emission intensive 
commodities. And if one opts for a tax solution with transfer payments within an agreement, the tax 
rate will be lower than in an isolated solution. This is another argument in favour of Switzerland's 
participation, whose marginal cost of emission reduction is especially high. From an economic 
perspective, the advantage is that most trade partners would be operating under the same production 
conditions. The necessity to protect the Swiss economy will be limited. Therefore Switzerland could 
fully profit of its comparative advantage in the production of clean technologies. On the other side 
if the country must import more electricity, it is very possible that this extra demand in electricity 
may contribute to the increase of C02 emissions in another country (in many natious, electricity is 
actually produced in coal power plants ). 

Despite the high marginal cost of reducing emissions, Swiss participation in an ICA could bring it 
many advantages. For instance, if Switzerland decides to support negotiations for an ICA with 
national taxes and international transfer payments, the tax rate in Switzerland would be lower in 
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comparison to a unilateral solution. And tax revenues should be high enough to allow transfer 
payments. It would then contribute to the reduction of CO2 emissions and support the economic 
development of LDCs. If a part of the tax revenue also profits industry in the form of subsidies for 
research and development or to promote renewable sources of energy, this would reinforce the 
comparative advantage Switzerland has in producing non pollution intensive goods. This would 
improve its competitive position on the international market. 

5.4.3 Free-riding behaviour 

Considering the actual Swiss C02 emission production and the high marginal cost to reduce it, 
Switzerland represents all the arguments for free-riding, if an agreement is concluded. Even by doing 
nothing, the free-rider enjoys benefits, such as a better environmental quality, without having to pay 
to participate, or to suffer a welfare loss due to carbon taxes or decrease in trade. 

There is also an argument for doing nothing until an ICA is negotiated. But there are a few reasons 
that should lead Switzerland to renounce free-rider behaviour. One is the pressure from negotiations 
partners on other topics, like the European Economic Space, the European Community or the GATT. 
The stakes of these negotiations are too important to be jeopardized by a refusal to participate in an 
ICA. The commitment in Switzerland to the solution of environmental problems is much too 
important the national level. "European partners and the Swiss population would probably not 
understand why Switzerland refuses to participate in such an ICA. 

5.5 Conclusion 

Different instruments for avoiding climate change have been analyzed in this chapter from an 
international perspective. The introduction of a carbon tax in a traditional trade model shows that 
unilateral action is not really efficient This chapter especially focussed on the small country with 
a comparative advantage in the production of "clean" commodities — as is the situation for 
Switzerland. The conclusion is made that a carbon tax introduced by such a country does not 
significantly contribute to the reduction of global atmospheric pollutants, like CO?. Consequently, 
cooperation between nations seems to be the only efficient way to arrive at significant results to 
avoid global warming. Unfortunately, in the case of managing CO2 emissions, cooperation does not 
occur spontaneously. 

In terms of economic efficiency, none of the global level instruments, a global tax or a system of 
tradeable permits, will be accepted by the international community. In addition, the complexity of 
the international community, and especially the different levels of development, resource endow
ment, etc., must be considered. Therefore, an international climate agreement cannot be concluded 
without considering the economic development. It should contain an instrument by which welfare 
can be redistributed among nations, and which allows for the international coordination of national 
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environmental policy. The appropriate instrument seems to be a system of national taxes with 
international transfer payments. This would consider efficiency requirements and contribute to a 
welfare redistribution. But this would require a constant process of renegotiating and bargaining. 

In a second step Swiss policy options are analyzed. Switzerland is a sm all country with a comparative 
advantage in the production of clean commodities and high marginal cost for reducing CO2 
emissions. From a traditional perspective, the best option for such a country would be to free-ride, 
unless the rest of the world is cooperating. But this is presently not the case. Considering that a 
unilateral option is not optimal, the best solution is to participate in an ICA or support negotiations 
for a climate agreement Arguments for this reasoning are not necessarily bound directly to 
environmental and altruistic concerns. In fact, Switzerland has already shown an interest in the 
negotiation of an ICA and has committed itself with Austria and Liechtenstein to stabilizing CO2 
emissions at their 1990 by the year 2000. By grasping a leading position in negotiations, Switzerland 
has also taken the opportunity to reinforce its comparative advantage in the production of clean 
commodities, but it should not expect much more from this agreement, or any further ones, except 
a possible reduction of the national tax rate. 

It is interesting to note, that according to the international situation, such an agreement could be 
used as a base for negotiating a system of national taxes with international transfer payments. The 
signatories are nations with rather high marginal costs. If another group of developed countries 
should like to participate, the revenue would be high enough to start bargaining for transfer payments 
with less developed nations. This should result in a reallocation of the capability reduce CO2 
emissions, i.e. to undertake them where it is the more, if not the most efficient. 
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Appendix 5A: 

Alternative approaches for assessing environmental values 

In this chapter the marginal cost approach to assessing either the "full" or "real" commodity price 
was considered, which includes the value of the environment However other research approaches 
exist, and aimed at the same objective. They are briefly introduced here. The presented methods 
are: satellite accounts and the macro-analysis of the environment 

A. Environmental satellite accounts and revision of national accounting systems 

The main idea behind the revision of the System of National Accounting (SNA) and the implemen
tation of environmental satellite accounts is the management of natural resources, by means of 
estimating or measuring stocks and variations of the assets. For instance, countries which have large 
stocks of natural non renewable resources tend to overexploite them, without considering future 
generations. This leads also to irreversible damage (note that this could also effect renewable 
resources). Consequently, it is necessary to redefine some of the principles of the SNA, where 
possible, so as to take environmental resources into consideration. 

There are different ways of analyzing this problem. The proposed solution should, in any case, make 
it possible to take account of the services and capital offered by nature. Thus, the gains some 
countries make by exploiting natural resources would not have to be at the expenses of jeopardizing 
their natural wealth. For instance Friend and Rapport [1991] propose "a conceptual framework 
which tracks stocks and flows of natural resources, incorporates a critical set of indicators of 
ecological integrity at the eco-region level, and has the capacity to integrate certain parameters in 
the Systems of National Accounts (SNA), with those found in Natural Resource Accounts (NRA), 
and State of Environment Reporting (SOE Reports)". These accounts either parallel or are bound 
to the SNA and, in some cases could be expressed in monetary terms.15 

It might be possible to make a connection with the trade balance. Thus it would be possible to study 
the importance of the comparative advantage due to the factors endowment, to put assets variations 
in the assets and international terms of trade in relation, and to assign real prices to the traded goods. 
This can be referred to the environmental terms of trade. This would certainly be of assistance in 
making appropriate political decisions for the protection of the environment, besides making the 
use of the best instruments possible. 

15 See also Norgaard [1991]. 
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B. Macro-analysis of the environment 

Another approach in research concerns the macro-analysis of the environment, or the so-called 
eco-energy analysis. G. Pillet and H.T. Odum [1984, 1987] studied the energy flows within an 
ecosystem and calculated the environmental work inherent in the production of different goods. The 
energy content is then, to some extent, translated into money-equivalents. For international trade 
and environment, they made estimations about the amount of energy embodied in the exports and 
imports of the nation. According to Pillet et Odum [1987] "the Swiss economy is highly export 
oriented although the money balance of payments only shows a 0.4 billion dollars benefit in 1982. 
On an embodied energy basis, however, the trade ratio shows a considerable net gain: imports were 
3.5 times tiie exports".16. This method also allows to calculate of the energy use ratio of a nation. 
According to these results, it is obvious that the environment is not entirely reflected in the market 
prices and consequently, in international trade. Once again this demonstration shows the necessity 
of reconsidering how prices are calculated. 

Considering these different methods, while aiming at linking the economy and the environment, it 
seems necessary to integrate different methods of analysis and research in order to obtain satisfactory 
results. This should be the topic of future research. 
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6 Energy Scenarios and Emission Control in Switzerland 

6.1 Introduction 

The study presents results of the IEA/ETSAP1 Project, Annex IV Implementing Agreement: "Green
house Gases and National Energy Options: Technologies and Costs for Reducing Emissions of 
Greenhouse Gases". It is a synthesis of different reports presented in International Conferences, 
different ETSAP workshops and the latest analyses for the project-
The study evaluates scenarios of the medium term development of the Swiss energy system under 
consideration of the recommendations of die Intergovernmental Panel on Climate Change (TPCC) 
and the Toronto Conference on world climatic sustainability. Contributions to climatic sustainabil-
ity are derived from specific technological options, price effects on demand and optimal allocation 
of resources in the energy demand and supply system of Switzerland. 
The analysis is based on a simulation of the energy demand and an optimization of the energy 
supply system. The optimization model of die energy system refers to C02 control only. Measures 
are identified which contribute to an acceptable development of C02 emissions. The proposed mea
sures refer to structural changes in die energy supply system (inter-fossil fuel substitution, nuclear 
energy and renewables) as well as to an optimal allocation of investments among energy conserva
tion and energy supply. The trade-off among die energy system cost increase and the reduction of 
the C02 equivalent emissions is estimated and die marginal cost of C02 control is given. 
As explained in the second chapter, die conditions of sustainability are defined based on die Global 
Warming Potential concept which treats die different greenhouse gas emissions (GHG) as substi
tutes. The considered emissions are C02, CFC's and CH4, as well as CO, NMHC N0X which 
contribute to tropospheric O3 and C02 formation and dius, indirectly, to global wanning. The 
proposed reduction of GHG emissions would contribute not only to a sustainable climate but also 
to an efficient energy system, to an improved ambient air quality and to a reduction of dependency 
on fossil fuel imports. 
The study has a time horizon ending by the year 2025. This is relatively short in relation to the 
time horizon of die greenhouse effect and climate destabilization. Due to diis relatively short term 
point of view, the technologies considered as options to control C02 emissions are conventional 
and rather "conservative". Unconventional technologies, from die Swiss perspective, and tiiose al
ready accounted for, i.e. solar photovoltaic, could be analyzed in a second stage extending die time 
horizon up to the year 2050. This refers to electicity generation by fossil fuels widi C02 removal 
and disposal in oceans, hydrogen production from fossil fuels with C02 removal, advanced nuclear 
systems, nuclear upgrading of fossil fuels and very high contributions of natural gas associated with 
electricity production and end-use applications. 

6.2 Energy related CO2 scenarios for Switzerland 

Firstly, scenarios of C02 constraint are presented, estimated with MARKAL and dien a post-optimal 
synthesis of results between C02 marginal cost estimates and die control cost of other GHGs is 
presented. 

1 International Energy Agency, Energy Technology Systems Analysis Project 
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6.2.1 Working Approach and Assumptions 

The study on the C02 control cost estimate is based on die scenario approach and uses die en
gineering simulation (bottom up) model SMEDE linked to die IEA process oriented optimization 
model MARKAL to analyze die energy demand and supply. 

A scenario is a set of consistent assumptions describing die underlying social, political and eco
nomic developments in a country, as well as the necessary policy framework to implement the 
assumed development. 

• Social and economic parameters. 
The assessment of demographic and economic development, i.e population, Gross Domestic 
Product (GDP) growth, industrial production, building stock development and car ownership, 
as specified by die St. Gallen center for future research, has been adopted in diis study 
(SGZZ, 1990). 
The assumed population growdi (0,3 %/a) combined widi moderate productivity growth, 
allows an economic development of 1.55 %/a up to die year 2000 which is dien reduced to 
1.25%. The GDP has therefore increased 60% by the year 2025. The contribution of industry 
and service sector to GDP are marginally increased. 

• Energy demand 
The demographic and economic parameters, along with an assessment of the evolution of 
die specific energy consumption have been used by a sectoral demand simulation model 
(SMEDE) to define die energy demand constraints for MARKAL. This data corresponds 
to the recent expectations on economic growth and structural changes in Switzerland. The 
assumed technical improvement of energy consuming devices is significant but excludes die 
option of mandatory introduction of intense conservation under new legislation (See table 
6-1). Special emphasis is given die private transportation sector where a shift towards public 
systems is assumed. 

• Energy supply options. 
This part of die analysis concerns die availability of resources, die technical potential of 
renewables, their production cost as function of die technical potential, and die potential of 
the combined power and heat (CPH) systems. Different technologies are competing to satisfy 
each demand category. The supply model introduces alternative technologies and resources 
to produce die secondary energy carriers required by me end-use devices. 

• Conservation options. 
Conservation options have been introduced in die different subsectors, mainly emphasising 
electricity use and heating. Linearized step-functions have been used to define die conser
vation potential vs. its cost. The conservation potential is related to die demand projections 
of SMEDE. Energy demand could be farther reduced, depending on die competitiveness of 
conservation measures, in respect to otiier supply options or due to die imposed emission 
constraints. 

• Oil and gas prices are expected to double for die end-user widiin die next 15 years (1985 to 
2000) and from dien on to remain constant. 
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• The real discount rate assumed for all cases described below is 5% per year. This value 
represents the discount rate used by the IEA/ETSAP project. A parametric study at 2% real 
discount rate is aiso analyzed, since this rate represents the average Swiss rates of the last 
decades. 

The most important assumptions underlying all scenarios are defined in table 6-1. This data corre
sponds to the recent expectations of economic growth in Switzerland. 

Table 6-1: Main scenario assumptions 

indicator 
population 
famines 
GDP 
industry & construction 
energy/industrial GDP 
commercial sector 
freight 
car ownership 
share of car transport 
car-km 
energy/car-km 
heated surface 
useful energy/ surface 

units 
million 
million 
relative to 1990 
GDP fraction 
relative to 90 
GDP fraction 
109tkm 
cars/1000 cap 
percent 
109ifcm 
relative to 90 
relative to 90 
relative to 90 

1990 
6.72 
2.87 

1. 
0.35 

1. 
0.61 
18. 
447 
.77 
45. 
1. 
1. 
1. 

2025 
7.46 
3.44 
1.59 
0.36 
0.73 
0.62 
20 
535 
.75 

53.9 
.75 
1.32 
0.95 

All these assumptions define the expected energy demand for the present energy and environmental 
policy and the expected price development. This demand projection is associated with a nuclear 
"Moratorium" (MO) imposed by public vote in 1990. 
Another scenario is introduced for comparison purposes, called "business-as-usual" (BAU), where 
the energy demand is defined at constant prices and without applying active energy conservation or 
environmental policy. Energy demand is assumed to follow economic growth while an autonomous 
efficiency improvement of 0.25%/yr is introduced to account for technical innovation. The overall 
demand increase is therefore 46% above the demand in die year 1990, while the fuel mix used to 
satisfy energy demand is estimated by optimization. 

6.2.2 The C0 2 Constraint 

Different scenarios of C02 constraint are defined based on gradually increased limits on C02 emis
sions. The "BAU" and "Moratorium" cases are estimated first without imposing a constraint on 
C02. Then, different cases are analyzed widi the optimization model imposing different levels of 
COi controls, starting with a stabilization of emissions and ending with a reduction rate of 30% by 
the year 2025. A CO2 minimization case is also estimated to define die "feasibility boundary" in 
reducing C02 emissions. The maximum possible reduction of C02 estimated for the year 2025 is 
38% of the 1990 emissions. The coefficients used to define the C02 emissions per unit of primary 
energy arc: coal 93 kg C02JGJ, oil 75 kg C02/GJ and gas 55 kg C02/GJ. Municipal wastes and 
wood were not included in the C02 balance. 
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MSO=Business as usual, MS2=Moratorium unconstrained, MS3=Moratorium with C02 stabilization, 
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6.23 Results of the energy balance 

Primary energy consumption increases between the years 1990 and 2025 by 27 % in the "BAU" 
case. This increase is explained by the energy demand and fuel price assumptions underlying this 
case. Primary energy use in the Moratorium case varies between 12.5% (C02-free) and 10% in 
the CO-i constrained Moratorium case. At high levels of C02 control, the introduction of solar 
electricity which is accounted for in fossil equivalents, compensates the conservation in final energy 
use. The final energy consumption increases less than the primary energy. In the "BAU" case the 
increase is 23%, while in the Moratorium case with C02 emission reduction of 30%, the demand 
is stabilized. The stabilization of final energy is due to the penetration of conservation measures 
and the technical innovation implemented. Primary energy use per unit of GDP is reduced between 
20%, BAU, and ca. 30 %, MO. This development is optimistic, when compared with the recent 
evolution of the Swiss energy system (the energy per unit of GDP in Switzerland has remained 
almost unchanged from 1970 to 1990, when adjusting for differences in the heating degree-days). 

The first important conclusion is that the Toronto and IPCC recommendations can be fulfilled 
in the Moratorium case to the levels of 30% to 35% emission reduction by the year 2025. 
The key prerequisites to reaching me IPCC and Toronto goals are fuel switching, conservation 
and alternative energy systems, implemented to almost the maximum potential considered in this 
study. Even in the Moratorium case, the installed nuclear capacity is assumed to increase by 10% 
by the year 2005, and then to remain constant. The maximum allowable load factor of nuclear 
reactors was assumed to be 90%. Any further capacity required for electricity generation is met 
by solar photovoltaic and the solar tower concept, hydropower and wind energy. Previous studies 
based on unconstrained nuclear development indicated that conservation and renewable energy are 
implemented mosdy in the heating market (and not the electricity markets), since nuclear energy 
is more competitive than solar electricity. The contribution of hydropower in Switzerland gains in 
importance, while its technical potential is defined as proposed by the EGES-1987 study. 
Electricity is used to power heat pumps in the residential and service sectors, while the introduc
tion of improved transportation systems in the cities like electric and hybrid (diesel-electric) cars, 
assumed was also of primary importance in reducing C02. 
Natural gas (or inter-fossil fuel switching) assumes a significant market penetration (150 PJ) for 
reductions of C02 emissions up to 35%. A level of reduction higher than 35% can only be obtained 
by switching to renewables. Thus, the model implements natural gas up to the upper limit assumed 
for moderate levels of C02 reduction and then switches to more effective ways and reduces further 
emissions at higher costs. 
Wood is implemented to the maximum potential considered, i.e. 55 PJ. Part of die wood resources 
is used for medianol production and part for the heating market. Other renewables, like solar 
water heating and biogas are implemented, but to a lesser extent. Nuclear district heating (DH) is 
competitive, but its potential has been restricted by the nuclear moratorium. Very significant is the 
conservation potential of electricity use and heat, which is implemented to almost its maximum. 
The imposed C02 emission constraint results in significant changes: inter-fossil fuel switching is 
important at moderate levels of C02 reduction, while fossil fuel use is substituted by renewables 
at high levels of C02 reduction. The combined effect of the nuclear Moratorium and the C02 

constraint stabilizes final energy consumption at the present levels. 
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Table 6-2: Results for the Moratorium, and the BAU cases. 

Energy in PJ/y 

nuclear 
hydroenergy 
wood and wastes 
solar and wind 
latent heat 
biogas 
geothermal 
oil 
gas 
coal 
total primary 
final energy 
(electricity) 
Indicators 
prim./GDP (relative) 
primary/capita (GJ) 
tons C02/capita 

1990 
243. 
138. 
35.3 

-
-
-
-

517. 
76. 
15. 

1024. 
779. 
168. 

1. 
150. 
6.35 

MO-free 
2025 
288. 
158. 
36.8 
10.1 
0.6 

-
-

386. 
150. 
122. 

1152. 
829. 
219. 

0.71 
154. 
6.4 

Mo-stb 
2025 
288. 
161.5 
36.8 
33.6 
0.6 

-
-

364. 
150. 
89. 

1124. 
813. 
216. 

0.69 
151. 
5.75 

MO-30% 
2025 
286. 
170.3 
85. 

129.4 
13.3 
3.6 
6. 

288.3 
150. 
10.2 
1142. 
777. 
239. 

0.70 
152. 
4. 

BAU 
2025 
288. 
164. 
30.6 
4.6 
0.8 

-
-

578. 
150. 
80. 

1296. 
955. 
238. 

0.80 
174. 
7.8 

The included figures of primary energy use by fuel and scenario and table 6-2 summarize the 
obtained results. 

6.2.4 Electricity production and use 

The implications of the C02 constraint to the electricity generation system could be explained by 
examining, first, the allocation of electricity to the end-use sectors and then considering how this 
electricity is produced. But, in the model, these problems are solved simultaneously. High electricity 
generating costs effect thi penetration of bom the conservation measures for electricity use and the 
penetration of devices using electricity, and vice-versa the modified demand for electricity effects 
the electricity production cost. The C02 constraint is forcing the reduction of C02 emissions 
to prespecified levels and the model looks for substituting electricity for fossil fuels and for cost 
optimal means of satisfying both electricity demand and supply. 
The following table compares electricity use by sectors in the C02 unconstrained and the C02 

constrained (-30%) cases for the year 2025. 



Energy Scenarios and Emission Control in Switzerland 132 

Table 6-3: Electricity use by sector in PJ/yr (2025) 

sectors 
Industry 
Res/Commercial 
Transportation 
Losses by 
nuclear DH 
Total use 
Conservation 

1990 
57.8 
103.7 
9.2 

0.5 
168 

-

C02 unconstr. 
67.7 
139.9 
11.7 

2.4 
236.7 
26. 

C02 constrained 
73.7 
132.8 
32.6 

3.5 
257.6 
52. 

These results seem to present a conflicting conclusion: 
Although electricity conservation is increased, as expected, the end-use of electricity is also in
creased. Electricity conservation becomes competitive due to the high generation cost of electricity 
in the constrained case. This high cost is explained by the introduction of solar systems and ex
pensive hydropower. Electricity savings are achieved in the market of electrical appliances and 
electricity services in die residential and commercial sectors. On die other hand, electricity con
sumption increases due to the penetration of electric and hybrid cars in the transportation sector. 
Electric heat pumps, geothermal and solar water heating witii electric back-up also contribute to 
the increased consumption. 
It is important to compare fuel use in the final energy market: 

Table 6-4: Final Energy Markets (PJ/yr) 

sectors 
Fossil fuels 
Electricity 
District and process heat 
renewables + wood 
solid wastes 
extra conservation 
Total 

1990 
582 
168 
10 

12.1 
6.7 

779 

PP 
74.5 
21.6 
1.3 
1.6 
0.9 

100 

C02 uncnstr. (2025) 
563 
219 
33.5 
10 
3.1 

829 

PP 
67.9 
26.4 

4 
1.2 
0.4 

100 

-30% C02 (2025) 
440 
239 
38.5 
54.5 
4.5 
52.8 
829 

PP 
53. 
28.8 
4.6 
6.6 
0.5 
6.4 
100 

According to these results, by the year 2025, C02 constraint has forced the energy system to 
substitute 14.9 percentage points (pp) of fossil fuels for 6.4 pp of conservation, 5.4 pp of renew
ables, 2.4 pp of electricity and 0.6 pp of district and process heat. The total substitution for fossil 
fuels between the years 1990 and 2025, due to the assumed price changes, is 6.8 pp in the C02 

unconstrained case, while the simultaneous introduction of price changes and the C02 constraint 
increases this substitution to 21.7 pp. 

The next table compares electricity generation by technology: 
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Table 6-5: Electricity production by technology in PJ 

technology 
Hydro 
Nuclear 
Wind and solar 
Fossil 
Total 

1990 
110 
74 

3 
187 

C02 unconstr. (2025) 
127 
92 
1.5 
34 

254.5 

C02 constrained (2025) 
137 
92 
42 
6 

277 

This table explains the main differences in electricity generation due to die C02 constraint The need 
to cover the increased electricity demand by non-fossil fuels is satisfied by increasing production 
of hydroenergy and a massive introduction of solar systems. Simultaneously, renewable energy 
substitutes for fossil fuels as die primary source of electricity production. 
This scenario has some basic drawbacks. 
It assumes that nuclear and hydroenergy production will be strongly increased (+25%), although 
political acceptance of nuclear energy and of new hydropower in Switzerland is not given. The otiier 
drawback is that it relies on high penetration rates of sc'ar tower and photovoltaic systems in die 
country, which is really almost over-optimistic thinking. There are also a few other considerations 
which indicate how difficult it would be to materialize this scenario. 
The total explicit conservation (on top of die assumptions of the demand simulation model for the 
reference case) is 25% of die present final energy use. 
The introduction of electric and hybrid cars in the transportation sector is high and radier optimistic. 
The total increase in electricity use in diis sector is 20 PJ versus a total use of 10 PJ in die year 
1990. 
The penetration of renewables in die heating market as well as technologies like district heating and 
conservation measures in buildings is taking place at more reasonable growth rates, but it remains 
significant. 
Last but not least, politicians and consumers should be willing to propose and accept such drastic 
price increases for fossil fuels (as indicated in die subsequent section) in order to make all tfiese 
technologies which reduce C02 emissions competitive. If diese new technologies and conservation 
measures can't be implemented, diere is no hope for a significant reduction of C02 emissions in 
Switzerland. 

6.2J5 C02 reduction by technology 

It is most interesting to evaluate the contributions of different technologies or sets of technologies 
to C02 control. Here die contribution of technologies is disaggregated to die following items: 

• conservation, 

• nuclear energy, 

• renewables, 

• inter-fossil fuel switch, and 

• primary energy reduction 
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As seen in the subsequent figure, most of the reduction is due to the contribution of renewables, 
mostly solar energy. Conservation and inter-fossil fuel switch are already strong contributors, start
ing in 1990, up to the last year of analysis in the reference case. 

Contribution of Options to Reduce CO Emissions 

Inter Fossil 
Fu«l Switch 

Fig. 6-5: C02 reduction by technology; BAU and Moratorium-30% cases 

6.2.6 Cost Difference Due to C02 Control 

Cost differences due to C02 constraint are high. A distinction is made between the average and 
the marginal cost per unit of C02 reduction. 
The estimated discounted cumulative energy system's cost difference is 20 billion SPr in the 
Moratorium case at 30% reduction of emissions by the year 2025. These extra costs should not be 
understood as a GDP loss. The investment and labour costs required to meet the C02 constraint will 
substitute imports of fossil fuels by using endogenous resources, conservation and nuclear energy. 
The GDP multipliers, i.e., the increase of GDP per unit of investments, for the oil and gas sectors 
in Switzerland are low in comparison with the multipliers of the electricity generation sector and 
the construction sector (Masuhr 1988). The increased cost of energy will affect consumption prices 
and demand. The estimation of the net GDP change requires the use of general equilibrium models, 
since the net change to GDP cannot be identified with die modeling approach used in this study. 
The average cost per ton of C02 reduction, as estimated from the discounted cumulative energy 
system cost increase divited by the discounted cumulative emission decrease, varies between 35 
SFr/ton C02 for a 10% reduction and 150 SFr/ton for a 30% reduction in the Moratorium case. The 
marginal cost (the cost of reducing the last kg of C02) is defined as the discounted cost increase 
per unit of C02 reduction. This cost is higher than the average cost. The closer to the 'feasibility 
border' i.e. to the maximum possible reduction of C02 emissions, the more expensive it is to 
reduce emissions in a marginal sense. The estimated, maximum possible reduction in the model 
was less than 38% of die 1990 emission level by the year 2025, while the average cost at 37% 
reduction is 520 SFr/ton, (without taking consumer behavior at these high prices into account). 
Another possibility to express these costs is the trade-off curve, whicn describes the cumulative 
system costs from 1983 to 2027, and the corresponding cumulative emissions of C02. This is 
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illustrated in Fig. 6-6. 

Fig. 6-6: The trade-off curve under C02 constraint. 
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63 GHG Scenarios for Switzerland 

The method based on GWP, explained in chapter 2, has been programmed and a simulation routine is 
used to derive the warming potentials of different emission scenarios.These potentials are compared 
with a scenario which meets the Toronto recommendation (Kypreos, 1991). The obtained results 
indicate that simultaneous actions from all sectors contributing the GH effect are necessary for a 
proper contribution to the stabilization of the world climate. Thus, the C02 control cost is discussed 
first and then a preliminary assessment of the control cost of other GHGs is presented. 

63.1 C 0 2 control cost 

In the past, PSI has studied the possibility to reduce C02 emissions to the levels recommended by 
the Toronto proposal. This paper describes an updated set of results based on the newest demand 
expectations and an extended set of technological options. The main result of an analysis of 
Switzerland indicates that C02 constraint requires high investment costs and substantial structural 
changes in the energy system. The findings are summarized in Table C-6a, which gives the estimated 
results in terms of average costs and shadow prices at 2% real discount rate. 

Table 6-6a: Average and marginal cost due to C02 control, 2% discount rate 

definition (units) 
Average cost, (SFr/kg) 
Marginal cost, (SFr/lcg) 
Cost increase/ GDP (%) 

MO stab. 
.022 
.030 
0.01 

MO-20% 
.08 
.22 

0.13 

MO-25% 
0.11 

0.288 
0.2 

MO-30% 
0.145 
0.396 
0.30 

• The average cost per kg C02 reduction is denned as the cumulative increase in the dis
counted investment and fuel costs, to the cumulative decrease of the discounted C02 

emissions. The costs and emissions are discounted back to the year 1985 by 2% discount 
rate. 
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• The marginal cost per kg C02 reduction, due to C02 constraint, is defined explicitly period 
by period in the analysis, but it has been approximated and given as the mean value of the 
marginal cost for the time 2000-2025. 

• The system cost increase per unit of GDP is defined as the discounted energy system cost 
increase due to C02 constraint, between die years 2000 and 2025, relative to the discounted 
cumulative GDP of this period. The estimation of an average value for the time horizon of 
analysis is necessary in order to smooth the differences in cost estimates between periods. 

The marginal costs of C02 reduction range from 30 Fr/ton C02 in the stabilization case to 400 
Fr/ton in the 30% reduction case. It is expected that costs will increase when going for a 50% 
reduction by the year 2050. This cost is by some factors higher dian the cost estimated for other 
countries. With respect to C02 emissions, Switzerland has a rather efficient energy system; i.e., low 
C02 emissions per capita and per unit of value added. Electricity is produced by hydropower and 
nuclear energy, while coal use as final energy is negligible. Thus conservation and renewables are 
introduced to almost their limits, while nuclear energy and natural gas are already used to almost 
dieir upper bounds in me Moratorium unconstrained case. This situation (when C02 constraints are 
introduced) results in marginal cost changes which are specified by the most expensive conservation 
options modeled and the most expensive part of the technical potential of renewable energies taken 
into account. 

6.3.2 Analysis at 5% discount rate 

The scenarios were calculated at 5% discount rate in order to enable the comparison of results 
between different countries participating in the ETSAP project. The technology data and the 
imposed emission constraints are exacdy the same. Only die differences in marginal cost and 
energy use are summarized. 
In short we can say, that at 5% discount rate, instead of 2%, the changes in C02 control cost 
estimates in scenarios with high C02 reduction are marginal. At low C02 emission reduction, 
the average and marginal costs differ and are low. The differences in fuel mix and technology 
penetration are more important at low levels of C02 control. In the unconstrained cases the 
differences are more significant. Capital intensive technologies are penalized in favour of systems 
with high fuel cost at high discount rates. More oil is used instead of coal, solar energy and district 
heat. Gas is not introduced to its full potential in the end-use market, which is dominated by oil, but 
finds its use in die electricity generation market. At the level of 30% C02 reduction, the changes 
in energy use are insignificant due to the fact that the technological options to reduce emissions 
are limited and the model selects the same kind of technologies. The following table gives the 
marginal and average cost estimates per scenario. 

Table 6-6b: Average and marginal Cost due to C02 control, 5% discount rate 

definition (units) 
Average cost, (SFr/kg) 
Marginal cost, (SFr/kg) 
Cost increase/ GDP (%) 

MO stab. 
.043 
.054 
0.03 

MO-20% 
.115 

0.288 
0.18 

MO-30% 
0.177 
0.490 
0.34 
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6 3 3 CFC cost 

Two assumptions are made for estimating the CFCs cost The CFC-11 and the CFC-12 arc replaced 
by substituting the HCFC-123 and the HFC-134a, respectively. The marginal costs in replacing 
these two important CFCs are estimated assuming prices given by duPont (W. Nordhaus, 1991). 
Price estimates are preliminary since the substitutes are produced In small quantities. Finally, the 
estimated costs of die substitutes are 3.7 and 37 SFr per ton C02 equivalent. The other CFCs, as 
all other materials used for industrial applications, are subject to the law of supply and demand, 
therefore their consumption reduces as their price increases. Therefore, the reduction cost could 
be estimated by assuming a price elasticity of e = —0.2. This means that doubling the price for 
CFCs will reduce demand by 20%. Since the CFCs are more powerful warming gases per unit of 
mass than C02 and the estimated marginal costs of C02 control are very high, it is possible to 
allow price changes by some factors higher than their present price. The average wanning potential 
coefficient for CFCs is estimated using Swiss emissions and the modified IPCC coefficients given 
in chapter 2. Substituting for CFC-11 and CFC-12 reduces C02 equivalent emissions by 13 Mt. 
The rest of the CFC emissions are reduced assuming price elasticity, as given by the relation: 
EMV = EM0 * (p/po)-02, for po = 37 Fr/ton and EM0 = 6.2 M L 

Similar assumptions have been made in the agricultural sector to show the effectiveness in reducing 
the use of fertilizers. For CHA some measures are assumed (agriculture, gas industry and manage
ment of municipal wastes) with limited reduction potentials (-5% to -10% in equivalent emissions 
at costs of 20 to 100 SFrAon-equivalent). 

6.3.4 Indirect effects 

The cost estimate for NOx and the NMHC is based on the analysis done with the energy allocation 
model. The results indicate a cost of 600 Mio SFr (including catalytic converters for transportation 
systems) for a reduction of 3.45 Mt C02 -equivalent. All these estimates are preliminary and 
they serve the purpose of demonstrating the importance of tradeoff carbon dioxide and the other 
greenhouse gases. 
The estimated reduction, in equivalent C02 emissions, is shown in the following table: 

Table 6-7: C02 equivalent emissions for Switzerland, for the year 1990 ( 84.6 Mt) 
The QWP coefficients correspond to an integration period of 100 years 

The CFCs in Kt are: R l l : 2.1, R12: 0.4, R22: 1.5, CF3Br: 0.8, 
CH3CCh: 3, HCFC: 1 and CCl4: 0.02 

Sources: BUS 1988; BUWAL 1990; F. Gassmann; N. Gotsch 1989 

Emissions in Kt 
GWP coefficient 
C02 equiv. (Mt) 
distribution % 
reductions (Mt) 
reductions (Mt) 

0 
reduction in Mt 

C02 

45000. 
1. 

45. 
53.2 

8.6 at 220 Fr/t 
12.9 at 400 Fr/t 

CFCs 
8.1 

2375. 
19.2 
22.7 

9.7 at 3.7 Fr/t 
13. at 37. Fr/t 

CH, 
111. 
28.2 
3.1 
3.7 

N20 
31. 

353. 
10.9 
12.9 

0.7 at 20 Fr/t 
1.4 at 100 Fr/t 

btained C02-<qu\\. reduction at 150 Fr/ton: 25.7M 
6.4 14.5 1.4 

NOr 
184. 
10.8 
2. 
4. 

NMHC 
297. 
14.8 
4.4 
5.2 

3.45 at 150 Fr/t 

3.4 
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As shown in Table 6-7, a reduction by 30% of equivalent C02 emissions is possible at marginal 
costs of approximately 150 SFr per ton. Only 25% of this reduction could be due to carbon dioxide, 
CFC's contribute 56% to the total, nitrogen oxides and nonmethane hydrocarbons 13%, and the 
remaining 6 percent is due to methane and nitrous oxides. The reduction of C02 emissions at this 
marginal cost is 6.4 Mtons or 7.6% of C02 equivalent (or 15 percent of C02 emissions). The 
table demonstrates that with the flexibility to trade off carbon dioxide and other greenhouse gases 
Switzerland could more effectively contribute to the reduction of global warming. 
Figure 6-7 gives the reduction of C02 equivalent emissions relative to 1990. The figure is estimated 
by arranging the data in increasing marginal cost and plotting the cumulative reduction of C02 

equiv. versus their marginal cost A distinction is made between die C02 reduction and the 
reduction when all the greenhouse gases are included. Fig. 6-7 shows that a 38% reduction of 
total equivalent emissions is possible at marginal costs of 400 SFr per ton C02 equivalent, versus 
a 15 percent reduction of C02 alone. (The exact specification of the marginal cost at this range of 
reduction depends on consumer behavior, which is not modeled). 

Figure 6-7: Swiss marginal control cost for greenhouse gas emissions 

Swiss Greenhouse Gas Emission Reductions 
Equmant C O , Reductions 
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According to the estimations of W. Nordhaus, the IPCC recommendations require an 80% reduction 
of the long term global emissions, and at a marginal cost of 140 SFr per ton of C02 equivalent 
At this cost level only 27% of the Swiss emissions relative to 1990 could be reduced. The rest of 
reduction should be done ouiside the country and at marginal costs of less than 140 SFr per ton 
(approximately 40 US dollais per barrel). 

6.4 Conclusions 

Examining the results of ;he Swiss study we can derive some basic conclusions: 



Energy Scenarios and Emission Control in Switzerland 139 

6.4.1 International implications 

It is unrealistic to apply the Toronto recommendation (uniform percentage reduction) to each indi
vidual country because this will punish countries which have a very efficient C02 energy system, 
like Switzerland, and favour countries which produce high levels of C02 emissions per unit of en
ergy or value added. The proper approach should be based on the global treatment of the problem 
and least cost analysis of the national energy systems. 
Instead of asking for a uniform reduction of C02 emissions for each country, a global reduction 
should be specified, sufficient to stabilize the global climate and derive the proper level of carbon 
tax, based on a global assessment of the problem. This tax will specify optimal allocation of invest
ments to each country, but at different rates of C02 reduction per country and the same marginal 
cost. 
Instead of focusing only on C02 emissions, the analysis should be extended to all trace-gases 
using the concept of Global Warming Potentials, even if these potentials are uncertain. These 
two options couid lead to a reasonable and balanced set of actions in the international and national 
level. 

6.4.2 National energy options 

The reduction of C02 emissions is associated with significant structural changes in the Swiss energy 
system and relatively high investments. The model results indicate that the proposed C02 reduction 
trends of the IPCC and Toronto Conferences could be met for the Nuclear Moratorium cases (up 
to 30% reduction rates by the year 2025). 
The high C02 control cost for Switzerland results from the structure of the energy system i.e. the 
low fraction of coal in primary energy and an electricity generation system based on hydro- and 
nuclear energy. This situation makes inter-fossil fuel substitution insufficient to meet the Toronto 
recommendations, and demands conservation and renewables. The nuclear and C02 constraints, 
either acting independently or simultaneously, favour conservation and renewables, but at consid
erably high costs. 
The simultaneous reduction of CFCs and of die emissions which contribute to ozone formation 
could release the pressure in die energy system and avoid extreme substitution for fossil fuels, 
while preserving regional and local environmental ambient air quality. In that case, part of the 
COr-equivalent control costs should be accounted for as a correction of other externalities. 
From the policy point of view, in the short term, control of CFCs, NMHC, NOx and support of 
conservation policy in the energy sector are appropriate, mainly due to die fact that alternatives to 
fossil fuels back stop, low-C02, technology are not yet available in the market. 
R&D support to alternatives to fossil fuels back-stop technologies should be increased by several 
factors, since these are the long term options. 

6.4.3 International options 

Cost estimates for Switzerland have been compared to a preliminary assessment of the global 
control costs made by W. Nordhaus (1991), although he compares marginal costs relative to an 
uncontrolled emission development and this study compares the marginal reduction costs relative 
to the year 1990. A. Manne and R RicheJs (1991) estimated similar values for the C02 marginal 
control cost. A tax level of 200 to 250 US dollars per ton-C is quoted as the cost differential 
between a steady-state economy based on synthetic fuels versus a non-fossil fuel economy using 
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renewable and nuclear back-stop technologies. 
The comparison indicates that at the global level, an 80% reduction is obtained at marginal costs 
of 140 SFr per ton C02 equivalent Switzerland achieves only a 27% reduction. This means that 
measures with a cost higher than 140 SFr per ton C02 reduction (approximately 40 US dollars per 
barrel) should be made outside the country. 
The international community might initiate policies like a carbon tax or tradeable emission permits. 
The revenues from taxation or trading of permits could be used to support conservation measures and 
the use of renewables. C02 abatement options related to the use of coal as primary energy source 
and nuclear energy will enhance the flexibility in responding to the greenhouse effect. Technology 
transfers to third world countries and reforestation policies are in discussion (USA/EPA, 1989) and 
could be a more effective and economically efficient policy. 

6.4.4 Economic implications 

The method used to analyze the Swiss energy system and to define the marginal control cost of 
carbon dioxide which meets the IPCC recommendation is inadequate to study energy and economy 
interactions. A general equilibrium framework, linked to die energy allocation model is the appro
priate tool for that purpose (F. Carlevaro, 1989, and G. Stephan, 1991, A. Manne 1991). 
The estimated energy system cost increase for 30% reduction of C02 emissions is less than 0.5% 
of the assumed Swiss GDP development. This is not expected to contribute to significant GDP 
losses since the investments in conservation substitute for imports of fossil fuels. The situation 
could be different if a 50% to 60% reduction of C02 emissions were required. 
One of the main statements of this report is mat Switzerland or other countries which assume 
high marginal control cost, should not invest in national options at costs higher than the global 
marginal cost. Introducing a national carbon tax will produce revenues for the public hand. Part 
of the revenue could be used to purchase emission permits from countries which assume control 
costs below the global marginal costs Alternatively, it could be used for transfer payments to 
less developed countries (technology transfer and economic aid) and for compensation payments at 
home (efficiency and distribution requirements). Together, they constitute an efficient instrument 
for greenhouse gas control. 

The proposed method is based on the Global Warming Potential and the least cost analysis. Apply
ing this method to different countries, it is possible to specify both the appropriate carbon tax level 
and the a'lowable amount of C02 emissions by economic sector and country for a given level of 
C02 control. In mat case, the proposed method helps to define valuable policy information, i.e., 
both the carbon tax and/or the quantities of tradeable emissions permits which correspond to an 
optimal allocation of resources. 

6.5 Appendix 6A: SMEDE and MARKAL 

Energy demand 
SMEDE is based on die "bottom up" approach where die sectoral energy demand is defined as 
function of the evolution of demand determinants and dieir specific energy consumption. The 
modelling framework transfers assumptions, related to the evolution of macroeconomic and sectoral 
development and tech.iical information on the specific energy consumption of different subsystems, 
to estimates of energy demand. 
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Usually a "Reference case" is projected based on the results of different studies describing all the 
variables of interest. Technical efficiencies or energy intensity are adjusted to the final energy 
demand estimates of the econometric models and for a "Reference price" structure. The demand 
projections finally obtained for die "Reference case" are projections of useful demand and not of 
final demand. This refers to projection of energy services like space heating for different building 
categories, car-kms for private transport, etc. Conservation potentials related to the projections of 
the "Reference case" are defined as "potential vs costs" functions for different demand categories. 
The results of SMEDE for the "Reference case" define the useful demand constraints of MARKAL. 
SMEDE was developed at PSI and is structured such that any further demand disaggregation to 
more detailed structures can be reprogrammed. 
Energy supply 
MARKAL is a L.P. model of the energy supply system which defines the optimal allocation of 
resources in a normative sense. Energy conservation and energy supply options are simultaneously 
optimized. The system variables describe; 

• the energy flows through the different subsystems installed, 

• the new investments and total installed capacity, 

• flows of energy imports or exports and mining of primary energy resources. 

• For electrical plants electricity is characterized by six different variables in order to describe 
the load characteristics of demand. The penetration of new electricity consuming devices is 
changing the load profile and effects the penetration of different electricity generation plants. 
The load management is therefore endogenous to the model. 

The objective functions refer to the energy system cost, to the environmental quality and to the 
security of the energy supply. 
Data base 
The model needs a full description of all existing and potential new technologies, either in the 
production sectors or in the end use subsectors. Conservation technologies are treated as demand 
reducing "dummy technologies". The technologies are described such that information on total 
investments, o&m costs, energy balances, emission balances and fuel costs can be estimated as 
a function of the systems variables (installed capacities and energy flows). Another set of data 
describe specific emissions per unit of energy f.ow through a technology. Abatement systems de
scribe information related to efficient ways to reduce or abate emissions. Specific emission data 
are defined for N0X, S02, C02, etc. Information related to man-power requirements and to the 
emissions associated to initial capacity buildup could be also integrated. Most of the data required, 
either in SMEDE or in MARKAL, is not collected in the form of ordinary statistical information 
and analysis. Usually a series of studies should be performed prior the initiation of the analysis. 
The required technical description is standardized i.e. the information required to define the data 
base is clearly defined. It is not always possible to obtain representative information describing 
"average technologies" competing in a market. Usually the data base should be updated and revised 
by specialists in the field. 
Model output 
The main model output describes the time evolution of the energy supply system as it is flows; 
investments, o&m costs, fuel cost as well as emission release, man-power requirements, etc. 
The shadow prices (marginal costs) of fuels and electricity are estimated together with the marginal 
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costs of different policy constraints. This refers, for example, to SFr/kg C02 reduction, or to 
SFr/kg oil reduction, or to die marginal price change of electricity generation due to die constrained 
use of nuclear energy. Each candidate technology is characterized and penetrates die system by 
cost/benefit criteria expressed as a function of die objectives used and die imposed system con
straints. Technology ranking is therefore obtained, based on die simultaneous consideration of all 
different criteria. The approach is equivalent to the cost/benefit analysis used for characterizing 
different engineering projects using die present-worth mediod. The difference is diat MARKAL 
enables die definition of die contribution of a technology to all different system resources. 

6.6 Appendix 6B: The GWP concept and the energy system 

The main advantage of die GWP concept is die possibility to take into account die combined effect 
of different GHGs and to derive an index which makes it possible to conclude if die different 
proposed solutions are sufficient to fulfill die recommendations of IPCC. An even more important 
consequence of this concept is mat it can be used in an energy model to assess die evolution of 
die energy system and derive optimal allocation of resources and to scale economic activities. The 
GWP tiieory is appropriate for estimating, at die global level, die cumulative warming and dius die 
temperature change due to different scenarios on emissions. In such a case, die constraint scaling 
die global economic activities is die maximum allowable C02 equivalent concentration, which 
should never be exceeded at any time in die future. On die national level, die appropriate reduction 
levels are defined by die Toronto and IPCC Conferences. 
The schematic representation of such an energy model, which takes into account die CO2 -
equivalents, can be formulated as follows: 

mi n Z = Y,x'c' + Jlxd,kmcck(Bd) + 
d.k 

+ TT ^2 mitq(t,Q)Atn objective function (see below) (1) 
n = l 

]TJ XJ > Bd-^2 Xd,k useful demand 
]€d lc£d 

A, * Xs > Aj* Xi production > consumption 

R * X < r resource use 

Ac* Xe < be load management 

Bi < X < Bu bounds: while die C0 2 equivalent emissions, are: 

meq(*,0) = ]jn Xjse3QWPj(t, 0) + £3 X<5e«(0 and die rest of die objective function is: 
jeGHG iefossil 

YiXi*Ci ~ ( ]C Xt'im * Cinv,t + 5 1 Xt,om * Com,t + Yl Xt,fv'l * Cjucl,t) * (1 • " d)~* 
i t,inv t,om t,fuci 

Z is the objective function to be minimized; a linear combination of the cumulative energy system 
cost and die cost of equivalent C02 emissions, d is die discount rate. A, is die supply matrix which 
transfers primary fuels to intermediate products, Ad is die demand matrix which defines die fuel 
consumption by die end-use devices. Bd die demand vector, Ae the matrix of load management, 
and bc the vector of electricity load management constraints that die energy system must comply to. 
mcck(Bd) is die marginal cost of conservation and is defined as a step-wise function (k steps, for 
demand d) and accounts for conservation, xk d, in the end-use services, relative to some reference 
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value Bd. Bt and Bu are the lower and upper bounds of some variables which depend on the 
availability of technologies and their rate of introduction. The costs c, per activity variable, the 
marginal conservation costs mcck(Bd) and the other matrices and vectors are defined in the data base 
of the model. The Swiss version of the model has approximately 4000 rows and 5000 variables. The 
demand vector Bd = f{pr, K-, »/r) is defined from the techno-economic simulation model of energy 
demand (SMEDE) for a reference price, income and efficiency vectors. The exact formulation of 
the models is described by Kypreos (1990) and it is shortly explained in Appendix 6A. The energy 
allocation model, as specified before, defines conservation directly as a function of the carbon tax, 
but it should be extended to take into account the price elasticities of demand as afunction of the 
shadow price ratio of demands between the emission-unconstrained and the C02 constrained cases. 

bd,C0i = bdjrte * ( T T T T — " * (f#^r< (2) 
The shadow prices SP, are estimated in the model and adjust the demand vector bdifree, while the 
price elasticity for each demand category is estimated by econometric analysis of the consumer's 
behavior. 
In a similar way, the energy price to GDP elesticity could be used to define the potential implications 
of the carbon tax to the overall economic activities and the energy demand. This elasticity can be 
defined using General Equilibrium models including energy markets and prices, thus obtaining an 
informal link between economic growth and the energy system model: 

C D 

GDPCO2,c0n = GDPco,,/™ * (g p
C Q i-C 0"rG P P (3) 

Note that this elasticity depends on the policy in re-distributing tax revenues. 
Carbon tax 
The carbon tax could be defined by constraining the C02 equivalent emissions to the levels proposed 
by the IPCC. The marginal cost associated with this constraint, i.e. the system cost increase for 
an extra unit of GHG reduction, defines the carbon tax. An equivalent formulation combines the 
energy system cost and the cumulative equivalent C02 emissions in one function by introducing 
the multiplier n, in [Fr/t C02], as an exogenous parameter. The value of 7r is gradually increased 
until the IPCC proposal is satisfied. The tax per fossil fuel activity is defined as the product 
Ap, = sti * it, where sq are the C02 emissions per unit of fuel use. The tax per unit of GH gas 
activity is: Ap7 = TT * QWPj(Q) * seJt with se; the specific emissions per unit of GHG activity. 
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7 Conclusions and Policy-related Questions 

The aim of this report is to elaborate on the economic requisites for designing an efficient policy to 
manage global wanning. Although the problem is by nature global, the question was to design the 
framework to allow alternation between global and national climate policy—allowing for the Swiss 
perspective. In this context, the economic rationale of a carbon tax, using the tax revenues, and 
international cooperation have been analyzed. As a starting point for further studies, energy and 
greenhouse gas scenarios for Switzerland, computed with the energy allocation model MARKAL, 
have been presented. Along with the theoretical considerations in this report, they set forth questions 
still to be addressed before assessing a Swiss carbon tax. This final chapter is accordingly devoted 
to a few conclusions for the assessment of such a tax and to pointing out policy-related questions. 
Finally, a pragmatic approach for calculating a carbon tax for Switzerland is proposed. 

7.1 Conclusions 

From an economic perspective, global warming, caused by increasing atmospheric concentrations 
of carbon dioxide (C02) and other greenhouse gases (GHGs), constitutes an intertemporal and 
international allocation problem. Thus, the basic questions to define are the optimal time path for 
reducing GHG emissions and international cost sharing. Therefore, to assess an optimal policy for 
controlling climate change, the present value of the net benefits — i.e. the discounted sum of the 
difference between benefits and costs of controlling GHG emissions — must be maximized in the 
long run. This requires accounting for the accumulation of the different GHGs (as expressed in terms 
of global warming potentials), autonomous and policy-induced technical progress, and environmen
tal impacts. The latter must refer to both damage due to climate change and incidental benefits (side 
effects) resulting from the reduction of conventional pollutants and other externalities. Furthermore, 
uncertainty about GHG accumulation, ecological and economic impacts, technical progress, and 
side benefits can call for applying an alternative framework. This is of particular importance if, as 
presumed, global warming will cause any irreversible or catastrophic effects that typically are 
associated with cost asymmetry. This is very likely to provide the theoretical foundation of an 
approach towards a "sustainable development". This could be based on a predetermined set of 
"globally acceptable standards" for the atmospheric GHG concentration, such as proposed by the 
IPCC. 

Despite the global dimension of the greenhouse threat, there are at least two good reasons for 
implementing a system of national climate policies. First, notwithstanding the theoretically un
disputed advantage in terms of economic efficiency, neither a global carbon tax nor a system of 
tradeable emission permits will be sufficiently accepted by the international community. Second, 
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due to the multiplicity and complexity of human societies, international cooperation for managing 
global warming must be based both on national environmental policies and their international 
coordination. Within such a network, a system with national carbon taxes and international transfer 
payments for increasing economic efficiency, environmental effectiveness, and distributional justice 
seems to be the most appropriate combination of instruments from the international perspective. 
However, it would require a continuous process of renegotiating and bargaining. 

On the national scale, such carbon taxes must be assumed to produce enormous revenues to the 
public hand. At first sight, it seems very attractive to direct these money flows into the public treasury 
for financing budgetary deficits or reducing other taxes. However, the economic analysis shows that 
the most efficient way to use environmental tax revenues is in granting compensation payments for 
covering the additional costs of GHG emissions control. In addition, they could be devoted to adjust 
distributional impacts that arise from imposing the carbon tax as such. Therefore, a combined 
scheme with national carbon taxes, compensation and transfer payments both on the national and 
international level appears as the most appropriate instrument for a national climate policy. This 
could be arranged within the frame of an "Environmental Branch" of fiscal policy that will be 
characterized by fiscal "neutrality". What is more, for dynamic effectiveness, the tax rate must then 
be adjusted for inflation.1 

The assessment of such a policy requires a set of intertemporal emission or reduction targets for all 
GHGs that must be consistent with the long-term sustainability of the global climate system, and 
fixed both on national and international levels. This includes the international distribution of 
"emission rights" across countries, which again could be a major objection for effectively controlling 
global warming. However, the above mentioned process of renegotiating and bargaining could help 
in closing that gap since it theoretically enables "gains from trade". 

From a national perspective, further questions arise about the economic impacts that are inherent to 
any environmental policy. These are in particular the consequences for economic growth, interna
tional trade, industrial structure, and factor allocation (labor, capital, fossil and non-fossil energy 
inputs). In addition, the fiscal incidence of a carbon tax might be of interest to the public authority. 
Apparently, these questions can only be answered within the broader framework of a macro-
economic or computable general equilibrium model. 

Finally, for Switzerland as a small country, the problem arises whether to unilaterally reduce GHG 
emissions, strive for an International Climate Agreement (ICA), or behave as a "free rider". At first 
sight, the last option seems to be the best for a small country like Switzerland, no less since it has 
a "COyefficient energy system" with relatively high marginal control costs. However, within the 
dynamic network of international competition, Switzerland could loose from staying outside if other 

1) Notice that the calculations of carbon tax proposals are generally made in real values. 
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countries cooperate, but profit from taking a leading position in the negotiation process. In particular, 
it could develop a new comparative advantage in "clean" technologies; but on th*? contrary, because 
of its high marginal control cost, it should not expect side-payments from other countries as an 
incentive to join an international agreement Moreover, Switzerland should also have an interest at 
including other GHGs such as chloroflourocarbons (CFCs) in an ICA. This would finally effect the 
sharing of the reduction targets. 

7.2 Policy-related questions and assumptions 

With respect to the above conclusions further questions arise for the assessment of a carbon tax for 
Switzerland. They cope both with practical problems of calculating a tax proposal and policy 
implementations. Which is the political and institutional framework for imposing a Swiss climate 
policy? Answering this question requires a network of assumptions and questions (cf. Figure 7-1) 
that must be addressed: 

(1) The environmental dimension: 

(a) Which emissions should be controlled? — CO2 only; C02 and CFCs; all GHGs 
together; etc. 

(b) Incidental benefits — relationship to other environmental policies? 

(2) The time dimension: 

(a) Time path: Which GHG reduction targets should be achieved, and at which point in 
time? Which are the short-term and long-term goals, respectively? 

(b) Time horizon: What time horizon should be considered from the Swiss policy perspec
tive? For what lime horizon can an appropriate proposal be calculated?2 What is the 
general time horizon of the Swiss environmental and energy policy? 

(c) Time intervals: Within which intervals of time shall policy adjustments take part? 

(d) Discount rate: Which discount rate shall be used — social time preference rate, market 
interest rate, other? 

2) This question is related to the dimension of technical progressthatisof evidence in the proposal of a pragmatic approach 
(see below). 



148 Conclusion and Policy Questions 

(3) The policy dimension: 

(a) Instruments: Which instruments should be imposed? — This is related both to the 
collection of the tax and the use of tax revenues (cf. also fiscal dimension, below). 

(b) Fuels: How shall the different fossil fuels be charged? — Shall the tax rate be adjusted 
for the differences in conventional pollutant emissions by the different pollutants? 

(c) Other policies: What are the relationships to other policies? — Energy policy, 
environmental policy, international policy, economic policy, R&D policy, social 
policy, fiscal policy. 

(d) Other energy prices: Will other energy prices (electricity from nuclear and 
hydropower plants) be corrected for externalities and other market failures too? How 
will they be corrected? Which instruments will be applied? 

(4) The fiscal dimension: 

(a) Use of tax revenue: To which uses should the carbon tax revenues be devoted? To 
whom should they be devoted — compensation payments (technical subsidies), 
income transfers, general tax reduction, substitutes for other taxes, reducing budgetary 
deficits, administration cost, international transfers and economic aid? 

(b) Other taxes: What will be the relationship to the general tax system? — Other direct 
or indirect taxes on fossil fuels, other energy taxes; impacts on other tax revenues. 

(c) Fiscal use: Which part of the total surplus on fossil fuels will be considered as carbon 
tax revenue and which devoted to the treasury ("fiscal transfers")? 

(5) The distributional dimension: 

(a) Distributional impacts: Should the distributional impacts of a national carbon tax be 
accounted? Which income classes should be considered? 

(b) Income transfers: Are there plans to compensate for distributional impacts? — Who 
should be compensated, up to which degree? Which instruments should be used? 

(6) The technological dimension: 

(a) Technical progress: what can be expected? Which other policy instruments will be 
employed? 

(b) Cost development: What are the costs of energy transformation and pollutant abate
ment expected to be in the future? 
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(c) Technical standards: What technology standards will be imposed in the future? — 
This also constitutes one fundamental aspect in determining the time horizon: Until 
when are policy actions (regulations) planned? 

(d) Subsidies: Which technologies shall be "subsidized" (aid for R&D and diffusion; 
compensation payments for users)? How should the funds be raised? 

(e) Capacity constraint. Which capacity constraints must be considered for the energy 
sector and other industries? — This could also affect the choice of time horizon. 

(7) The macroeconomic dimension: 

(a) Macroeconomic impacts: Which economic impacts from a carbon tax should be 
considered? Up to what extent should they be considered and adjusted? 

(b) Macroeconomic targets: Which economic policy goals define additional benchmark 
conditions for imposing a Swiss climate policy? — Is there conflict between these 
targets and environmental policy goals? 

(c) Macroeconomic model: Which type of macroeconomic model shall be applied to make 
the link with the energy system model that should be used for calculating efficient 
carbon tax proposals? 

(8) The international dimension: 

(a) International agreements: Which form of international cooperation could be assumed 
in the future? With whom will Switzerland cooperate? Which instruments should be 
assumed on the international scale? Will there be an International Climate Convention 
with Swiss participation? 

(b) GHG emission targets: How will the "GHG emission rights" be shared internationally? 
What are the targets for Switzerland? 

(c) Role of Switzerland: Which role will Switzerland play in the international negotiation 
process? 

(d) International trade: Which instruments will be used in international trade policy? 
Which relations to international economic organizations — like EES, EC, GATT, etc. 
— will constrain the opportunities for a Swiss climate policy. 

These questions are obviously interdependent with one another. There is thus a basic requirement 
to sketch the boundary conditions for imposing a Swiss carbon tax — i.e., the constraints defined 
by other policies and the objective of the Swiss GHG policy in itself must be specified. 
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7 3 A pragmatic approach 

In view of the complexity of the policy-related questions and assumptions to be addressed, the 
assessment of a national carbon tax should be based on a pragmatic approach. However, this is not 
a trivial thing. The framework for such an approach is designed in this section. 

In accordance with most studies on the global warming issue, we propose reducing the control 
problem of just one greenhouse gas: COz. There are good reasons for focusing on this "pollutant". 
First, C02 is by far the most important GHG in terms of its relative contribution to global warming. 
Therefore, "policy intending to reduce atmospheric concentrations of GHGs substantially will have 
to reduce the net emission of carbon dioxide" (Barrett, 1991:72). Since this will prove very costly, 
it is particularly important to employ efficient instruments for effecting the desired reductions of 
C02 emissions. CFC emissions, on the contrary, are more easily abated because they can often be 
recycled and opportunities for substitution are greater. As Barrett (1991:72) emphasizes, effective 
mechanisms for reducing CFC emissions have already been developed. This is also the case for 
Switzerland whose government has decided on measures for the protection of the ozone layer as a 
means of more than complying with the Montreal Protocol. As a consequence, most of the emissions 
causing deterioration of the ozone layer should be eliminated by the end of the century (cf. 
BUWAL-Bulletin 1/92:21-23). "However,it is importantthatpolicy not lose sight of the importance 
of reducing the emissions of other GHGs" (Barrett, 1991: 72). 

The proposal is correspondingly to levy a tax on GHG emissions expressed in C02 equivalents. 
This might be based upon the global warming potential concept. The tax rate shall then be calculated 
for C02 emissions of the Swiss energy system, while other energy-related emissions, such as CFCs 
for isolation, should also be taken into account. To this end, a set of restrictions for the energy 
system, particularly C02 emission targets, must be predetermined. The objective of this proposal 
is then to compute the least-cost solution for achieving these targets. For different reasons, this 
cannot be solved within one run, but rather needs a pragmatic approach with several steps. 

The first step for assessing a carbon tax for Switzerland will be the adaptation and up-date of the 
existing energy modelling framework, including the data base. In further steps the framework should 
be expanded with a macroeconomic module to accommodate aggregate economic feedback. In 
addition, relationships to other policy branches must be included, such as environmental policy, 
energy policy, fiscal policy (in particular the use of the carbon tax revenues), as well as international 
aspects. This gives the sketch of information requirements: 
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7.3.1 The first step 

(1) Data collection and data base up-date: 

(a) Describing the actual situation of 
the Swiss economy, 
energy system, and 
technologies (production and cost functions); 

{b) Forecasts and scenarios (reference cases) on 
economic growth, 
structural change, 
energy system (see also point 3), and 
technical progress (see also point 2 and 3). 

(2) Time path and horizon: 

(a) Fixing the time horizon for the assessment This is particularly related to the problem 
of forecasting technical developments (see also point 1), and other uncertainties. The 
problem of specifying the feedback between a carbon tax and tax-induced technical 
progress is a good reason for restricting the analysis to a time period of about 15 years. 

(b) Determination of policy targets (consistent with international targets and long-term 
sustainability). Benchmarks for Swiss C02 emissions must be defined (e.g., stabiliza
tion by the year 2000 at the 1990 level, 20% reduction by the year 2010, etc.). 

(c) Sensitivity analysis to account for different time horizons, capacity constraints, and 
technical progress rates. 

(3) Swiss energy system options (related to point 1): 

(a) Options for energy conservation, hydro power generation, nuclear energy, renewables, 
energy imports (Energy 2000, nuclear moratorium, etc.). 

(b) R&D policy in the energy sector (see also point 1). 
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7.3.2 Further steps 

(4) Macroeconomic framework (also related to point 1): 

(a) Linking with a Computable General Equilibrium Model. The question is on ihe 
structure and type of the model. Which industries, income classes, etc. should be 
considered? 

ib) Analyzing the impacts of a carbon tax on the energy sector and other industries. 

(c) Analysis of distributional impacts? 

(5) Relationship with other environmental and energy policy : 

(a) "Side benefits" for other environmental policy targets (Clean Air Concept, etc.); 

(b) Energy prices and energy taxes? — (related to point 1 and 3) 

(6) Use of carbon tax revenues and relationship with the general tax system: 

(a) To whom should the tax revenues be devoted?—To the energy consumers ("subsidy" 
of CC*2 control costs)3, private households (correction of distributional impacts), or 
international transfers? — How should they be shared? 

(b) What other energy taxes and tariffs are planned (e.g., the proposed increase of the 
excise levy on gasoline by 25 cents for reducing the budgetary deficit)? 

(7) International aspects — international coordination and cooperation: 

(a) International role of Switzerland? — Cooperation with other countries (with Austria. 
Germany, European Community, etc.)? 

(6) Initial international sharing of "emission rights" (related to point 2). 

3) This constitutes, as shown in this report, the most efficient way for using carbon tax revenues. 
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7.3.3 Foreign experience and international network 

Carbon tax proposals are also discussed in other OECD countries, and some countries have already 
imposed such taxes levied on coal, petroleum derivatives, and natural gas (cf. Barrett, 1991; Poterba, 
1991).4 The Netherlands has a carbon tax of about $1.30 per ton of carbon, that is intended to raise 
revenue and has been earmarked for environmental protection. Finland has a tax of about $6.10 per 
ton of carbon. It is a part of Finland's tax reform. In Sweden a tax is levied at a rate of approximately 
$40 per ton (0.25 kroner per kg) of carbon. A preexisting energy tax was lowered by 50 percent 
when the carbon tax was enacted (Poterba, 1991:101). 

The European Community has discussed a carbon tax proposal with each a 50 percent tax for carbon 
and energy. Carbon taxes have also been calculated and proposed for the United States, bu* there is 
still strong political opposition. As a consequence of this U.S. position, "the idea of a unilateral EC 
carbon tax—even a small one — would seem to have been ruled out" (Barrett, 1991:73). However, 
the theoretical considerations in this report, as well as the experience of some countries indicate the 
necessity for imposing a national carbon tax. 

For the calculation of a suitable proposal for Switzerland, a well established international network 
is providing a helpful environment First, the participants of the Energy Technology Systems 
Analysis Program (ETSAP) of the EEA are currently working on "Greenhouse gases and national 
energy options". This international project will conclude on the marginal cost of C02 control for 
different OECD countries, using a consistent computable framework. Similar objectives are fol
lowed by the IIASA project "CHALLENGE" with the participation of OECD and less-developed 
countries. 

Both projects consist of a forum where national and international policy studies related to the 
greenhouse effect are presented, data-bases exchanged, and methodological problems discussed. 
Existing data-bases and user-friendly models will become available to different participating 
organizations which contribute to the assessment of global warning and its control. 

Further contacts have been established within the European Association of Environmental and 
Resource Economists (EAERE), the International Society for Ecological Economics (ISEE), the 
Research School of Pacific Studies (RSPacS) at the Australian National University, and other 
universities in Europe and North America. This provides an additional network for discussing and 
exchanging studies on the global warming issue with particular focus on methodological aspects 
and economic development. 

4) The subsequent figures are from Barrett (1991: 73). 
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7.4 First calculation for a Swiss carbon tax proposal 

The first step of the pragmatic approach is more or less describing the requirements for making first 
calculations towards a Swiss carbon tax proposal. As mentioned above, the objective of a national 
climate policy should be economic efficiency. In addition, C02 is by far the most important 
greenhouse gas, and it is mainly related to the energy system. Therefore, an optimization model for 
the energy sector considering the related pollutants emissions — in particular C02 — will provide 
the best information for imposing a cost-effective climate policy. As a result, for any period of time, 
the shadow price of CQ2 control can be interpreted as an estimate of a Swiss carbon tax under 
particular scenario assumptions. 

The first step cannot be the assessment of a"correct" carbon tax proposal. As presented above, the 
first step of a pragmatic approach should not be devoted to the calculation of the general equilibrium 
solution, but rather to sketch the range for imposing a carbon tax. Accordingly, the first step of 
calculation will not be to determine economic feedback. This must be included later on in a further 
step. It can also not be used for estimating the distributional consequences and the impacts on 
international trade. All this will require an extension of the modelling framework. The energy model 
MARKAL, used at PSI, can provide helpful information about the range within which a Swiss 
carbon tax should be implemented. However, this requires a set of additional information for the 
concrete model and data specification. 

The demand scenarios must be reviewed, and the technology and cost data base should be up-dated. 
The GHG policy targets for a specified time horizon must be defined.5 Finally, the bias of a 
supply-side approach like the MARKAL model can significantly be reduced by introducing different 
tax-compensation schemes. Therefore, different scenarios on the use of the carbon tax revenues 
should be predetermined. In brief, the requirements are: 

• demand scenarios (reference cases) 

• technology and cost data 

• GHG policy targets 

• time horizon 

• tax-use scenarios 

• other constraints due to energy and environmental policy 

5) Tbe theoretical background for this has been developed in this report. 
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The results will show the maximum rate of the carbon tax at the end of the period under 
consideration, and the time path for such a tax. In addition, it will give some information about the 
use of energy and control technologies, cost implications, and options for "subsidizing" cleaner 
technologies that will be needed to achieve the Swiss GHG targets under other energy and 
environmental policy constraints. 
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Figure 7-1: Dimensions of a national climate policy: 
The dark circles and solid lines show the requirements for a first step toward the 
assessment of a carbon tax proposal. The wlute cicles and dash-dotted lines represent 
the fiscal and economic policy aspects, respectively. 


