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Introduction 

Christoph Bohringer 

Centre for European Economic Research (ZEW), L 7,1, 68161 Mannheim, 
Germany, and University of Heidelberg, Department of Economics, 
HauptstraBe 120, 69117 Heidelberg, Germany, boehringer@zew.de. 

Andreas Lange 

Centre for European Economic Research (ZEW), L 7,1, 68161 Mannheim, 
Germany, lange@zew.de. 

Economic insights are increasingly finding their way into the design of environ­
mental policy. While environmental taxes and permit trading programmes as effi­
cient regulatory instruments play a growing role in environment policies, concerns 
with the environment are not fading: Sustainable development, climate policy, 
biodiversity conservation, energy production and consumption - all are examples 
of issues on the current political agenda in many countries. While these themes are 
also subject to intensive economic research, both the reception of academic in­
sights by policy makers as well as the timely identification and treatment of pol­
icy-relevant questions by researchers often seem to be problematic. 

This volume attempts to vitalise the exchange between policy makers and aca­
demics. It offers a snapshot of environmental economic research on a range of pol­
icy-relevant problems. Academic contributions are complemented by views of 
policy makers on priority fields in environmental policy, the usefulness of aca­
demic research for decision making, and requirements to applied research in the 
future. 

All contributions in this volume are based on presentations given at the Work­
shop "Frontiers in Applied Environmental and Resource Economics" at the Centre 
for European Economic Research (ZEW), Mannheim, Germany, in March 2004. 
They cover the following areas: Sustainability Assessment, Transport and the En­
vironment, Energy Market Regulation, Trade, Environment and Biodiversity, and 
the Political Economy of Environmental Regulation. 

Sustainability Assessment 
Sustainable Development (SD) has meanwhile become one of the most prominent 
catchwords on the world's policy agenda. Nearly all governments and multina­
tional firms have committed themselves to the overall concept of SD. Taking a 
lead role, the European Union requires Sustainability Impact Assessment in terms 
of a "careful assessment of the full effects of [any larger] policy proposal... [that] 
... must include estimates of its economic, environmental and societal inputs inside 

mailto:boehringer@zew.de
mailto:lange@zew.de
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and outside the EU". Yet, SD, which is not just about environment, but also about 
economy and society, has proven hard to define and rather susceptible for ambi­
guities. Monitoring progress towards SD requires in the first place the identifica­
tion of operational indicators that provide manageable units of information on 
economic, environmental and social (including institutional) conditions. An issue 
that cannot be clearly measured will be difficult to improve. Therefore, indicator 
systems that measure sustainability in a meaningfijl way are a central prerequisite 
for formulating policy goals. 

Against this background, Heinz Welsch, University of Oldenburg, investigates 
the possibilities and limitations in constructing meaningful sustainability indices. 
Based on methodological considerations, he defines an index as "meaningful" if it 
allows unambiguous ordering of the underlying situation, in particular independ­
ent of the units in which relevant variables are measured: A sustainability index 
should allow an unambiguous judgement of whether a situation has improved or 
worsened. Welsch distinguishes two index categories according to the property of 
commensurability vis-a-vis incommensurability. In the case of commensurability, 
the construction of meaningful indices is possible if either monetary welfare meas­
ures or bio-physical metrics can be used. In the case of incommensurability, the 
lack of measures or the desire to aggregate several variables generally leads to the 
non-existence of meaningful indices. 

Despite these fundamental difficulties, indicators are needed in the political 
arena to monitor and to communicate progress on sustainability issues. Pascal 
Wolff, Eurostat, provides an overview of how sustainable development indicators 
are defined for different policy fields in the European Union. Among other crite­
ria, Wolff lays out that the indicators should be consistent, should have an ac­
cepted normative interpretation and should be responsive to policy intervention 
but without becoming subject to manipulation. Most notably, they should allow 
coherent assessment and comparison of sustainability issues across different coun­
tries. 

Thilo Goodall, SAM Sustainable Asset Management, Zurich, discusses the 
problem of measuring corporate sustainability performance and its impact on cor­
porate financial performance. Corporate sustainability is defined as "a business 
approach to create long-term shareholder value by embracing opportunities and 
managing risks deriving fi-om economic, environmental and social developments", 
thereby emphasising a long-term strategy which does not conflict with sharehold­
ers' interests. After defining indicators to assess a company's sustainability orien­
tation, Goodall turns to ways and problems of measuring its impact on the finan­
cial performance. The hypothesised link between corporate sustainability and 
shareholder value is, however, still subject to further research. 

The integration of different indicators and assessment methods is addressed by 
Marialuisa Tamborra, European Commission. She describes the efforts of the 
European Commission to develop an Impact Assessment method which allows a 
comprehensive analysis of given policy proposals and the identification of trade­
offs in achieving different objectives. As ultimate goal it is proposed to combine 
and integrate assessments of specific policy fields such as business impact as­
sessment, gender assessment, and small and medium enterprises assessment. 
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Trade, Environment, and Resource Use 
Many environmental problems, such as climate change or biodiversity loss, in­
volve transboundary pollution and thereby can only be tackled efficiently at an in­
ternational level. 

Cees Withagen, Free University Amsterdam and Tilburg University, gives an 
overview on the relationship between environmental policy and international 
trade. A government which tries to unilaterally implement emission targets, usu­
ally faces considerable political pressure from interest groups of different sectors, 
in particular from those exporting products to other countries and therefore fearing 
competitive disadvantages on the world market. Withagen demonstrates in a sim­
ple theoretical model that a preferential treatment for those sectors might be 
suboptimal. That is, there is no clear a priori reason to use "over lax" taxation in 
these sectors. He urges policy makers to be aware of the trade-off between pollu­
tion and production, and the impact of environmental policy on trade. 

Frank Watzold, Martin Drechsler, Volker Grimm, and Jaroslav Mysiak, all 
from UFZ-Centre for Environmental Research Leipzig-Halle, deal with biodiver­
sity loss, a theme which ranks high on the international environmental policy 
agenda. After an overview of European biodiversity conservation programmes, 
they address approaches to measure the cost-effectiveness of such policies. In their 
opinion, adequate approaches involve integrated research between ecologists and 
economists. Watzold et al. discuss different state-of-the-art approaches to ecologi­
cal-economic modeling as well as problems in integrating those two disciplines. 
They single out important "cultural" differences between ecological and economic 
models, in particular with respect to the treatment of uncertainty and the resolution 
of time and space. 

Transport and Environment 
In contrast to substantial progress in reducing emissions in many sectors of the 
economy, pollution caused by traffic has increased in the past few years due to a 
rise of passenger and freight traffic combined with a shift towards motorised road 
transport. There is a controversial debate on appropriate policy initiatives to pro­
mote environmentally compatible transport systems (e.g., based on hydrogen). 
The interaction between environmental externalities, knowledge spillovers as well 
as network externalities poses complex challenges to environmental regulation. 

The peculiarities of transportation research are deepened by Romain Molitor, 
Trafico Verkehrsplanung, Wien, and Karl W. Steininger, University of Graz. They 
point out the spatial structure of transport and its interdependencies with infra­
structure, living and working locations. These determinants of traffic generate in­
ertia and explain long-term impacts on transportation system design. Molitor and 
Steininger start discussing early visions of transport and cities and their impact on 
today's transport structures before turning to areas of current policy and research 
needs: interaction of land-use and transport, distributional impacts of transport 
policy, and behavioral changes. 

Armin Schmutzler, University of Zurich, provides an overview of research is­
sues in the field of "transportation and environment". He argues that - different 
from many textbook approaches - there are good reasons for transportation-
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specific policies. Policies and associated research problems can be structured by 
decomposing aggregate emissions fi"om transportation into total amount of trans­
port, modal split, and specific emissions. At each level, normative and positive re­
search questions arise which often require interdisciplinary approaches and ex­
change between economists, psychologist, engineers, etc. 

Wolfgang Schade and Werner Rothengatter, University of Karlsruhe, describe 
different approaches to perform cost-benefit analyses of transport policies: macro-
and micro-economic approaches, computable general equilibrium models, and 
evolutionary approaches using system dynamics models. Acknowledging that 
transport policies may evoke reactions inside and outside the transport system, 
they present a system dynamics approach which allows for dynamic cost-benefit 
analyses of direct and indirect effects. Finally, they discuss illustrative applica­
tions to policy-induced changes in gasoline and diesel taxes. 

Giinter Hormandinger, European Commission, comments on the three preced­
ing academic contributions on transportation research and policy. He supports the 
general findings, but argues that in order to obtain policy-relevant results one has 
to "take into account the messy details of the 'real' world". Although recognising 
difficulties in handling complex models, he calls for detailed analyses of transport-
specific problems that include network externalities, (natural) monopolies, as well 
as the spatial structure of traffic. 

Energy Market Regulation 
Energy utilization plays a central role in solving environmental problems and in 
implementing sustainable economies in the medium to long term. To promote the 
transition towards environmentally compatible energy systems, far-reaching pol­
icy measures are required. Due to the network-based structure and the transna­
tional dimension of resource use and pollution, the institutional parameters in the 
national, European and global energy markets must be taken into account when 
policy recommendations are formulated. 

Michael Kraus, University of Applied Sciences Darmstadt, provides an over­
view of different regulatory principles based on alternative economic paradigms. 
He then investigates electricity markets thereby highlighting different degrees of 
regulation along the value-chain fi^om generation, transmission, distribution, to 
sales and wholesales. Electricity market reforms are distinguished by the degree to 
which they allow for competition or change the features of regulation at the differ­
ent levels. Kraus finally addresses difficulties to measure the impacts of regulation 
and thereby the benefits of regulatory reforms for economic efficiency. 

Christoph Weber and Alfi-ed VoB, University of Stuttgart, discuss the specifics 
of energy-markets in more detail. Characteristics such as peak-load demand, non-
storability, and grid-dependency must be considered when describing markets and 
the impact of changes in their regulation. Weber and VoB portray efficiency and 
security of supply in the longer run as the "key challenges" for energy policy. In 
particular, they discuss problems of sufficient investments incentives under uncer­
tainty, i.e., the difficulties to predict revenues and, hence, the refinancing of in­
vestment costs. The authors also point out the importance of stochastic market 
models as supply and demand fluctuate over the day, week, and seasons as well as 
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across locations. Beyond more narrow short-term efficiency issues, one should 
also consider the robustness of energy systems when designing market reforms. 

Eberhard Jochem, ETH Zurich and Fraunhofer Institute for Systems and Inno­
vation Research, Karlsruhe, fits the regulatory issues of energy markets into a 
broader innovation policy framework designed for sustainable development. In his 
view, environmental pollution on the one hand and resource scarcity on the other 
hand call for an active role of government in the stipulation and coordination of 
innovation activities thereby assessing the large portfolio of technologies and their 
economic perspectives. 

Domenico Rossetti di Valdalbero, European Commission, uses the examples of 
emissions trading, energy taxation, and renewable electricity targets to show how 
the European Union backs its policy decisions with research results from acade-
mia. The majority of the EU energy-socio-economic research projects addresses 
links between energy and the environment. The author describes several models 
and tools which have been used in the EU's policy making process. He argues that 
EU energy-related initiatives will be more frequent in the future and calls on re­
searchers to elaborate scientifically sound quantitative tools which in particular 
address energy-related long-term problems like resource depletion, climate 
change, or waste management. 

Political Economy of Environmental Regulation 
Political feasibility of environmental policies depends crucially on the specific in­
terest of regulated parties. Stiff opposition by adversely affected influential inter­
est groups explains why regulatory measures suggested by academic research of­
ten do not translate into actual policy making. 

Friedrich Schneider, University of Linz, and Hannelore Weck-Hannemann, 
University of Innsbruck, investigate reasons for the gap between theoretical re­
search and actual policy practice by looking into the incentives of key political 
players. Based on Public Choice Theory, they argue that many incentive-based in­
struments are neither in the interest of political decision makers nor favoured by 
the most influential interest groups. Schneider and Hannemann use the examples 
of an Austrian ecological tax reform and road pricing to demonstrate how Public 
Choice Theory might guide economists in proposing policy measures that are 
suboptimal on overall (theoretical) efficiency grounds but increase the political 
chances of their implementation. 

Gebhard Kirchgassner, University of St. Gallen, discusses the discrepancy be­
tween economists' policy advice and actual policy implementation from a com­
plementary angle: By applying Public Choice Theory to the advice given by 
economists themselves, i.e. by looking at economists as interest-driven rather than 
benevolent scientists, he points out that researchers rarely give unambiguous 
clear-cut answers but provide rather quite often even contradictory results. Refer­
ring to the example of an ecological tax reform in Switzerland, Kirchgassner dem­
onstrates how - hidden behind a myriad of assumptions which often drive the re­
sults - economic studies can provide scientific "support for nearly every political 
position". Given potential self-interest of researchers, Kirchgassner points out the 
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need for a rigorous critical discussion of models and methods before associated re­
sults are used in decision making. 

Kai Schlegelmilch, German Federal Ministry for the Environment, Nature Con­
servation and Nuclear Safety, puts the discussion and implementation of an Eco­
logical Tax Reform in Germany into a dynamic policy context. He points out that 
- during the last decades - academic advice was increasingly used in environ­
mental policy design. Studying the varying position of industrial groups on their 
preferred policy instruments, Schlegelmilch identifies strategic options to delay or 
avoid regulation. In his view, the bundling of different political interests is crucial 
to promote environmental taxation. In this vein, a larger share of revenues of the 
Ecological Tax Reform in Germany is earmarked to reduce labour costs such that 
interests of various stakeholders can be satisfied. 



Constructing Meaningful Sustainability Indices'̂  

Heinz Welsch 

University of Oldenburg, Department of Economics, 26111 Oldenburg, Germany, 
welsch@uni-oldenburg.de 

Keywords. Environmental Index, Sustainability Index, Preference Ordering, 
Comparability, Measurability. Environmental Indicator 

JEL. C4; QOO 

Abstract. This paper surveys and evaluates the possibilities and limitations of sus­
tainability indices from the point of view of meaningftilness. A sustainability in­
dex is defined as meaningftil if it allows unambiguous orderings of the relevant 
'situations' over time independent of the measurement units in which the variables 
describing the situations are expressed. The cases of commensurability and in­
commensurability are distinguished. In the former, the comparison of situations is 
unambiguous be-cause all legitimate choices of measurement units can be ac­
commodated on the basis of exogenously given relationships among the variables. 
These relationships may define a monetary welfare-metric or a bio-physical ef­
fects-metric. In the case of incommensurability, common approaches (both cardi­
nal and ordinal) may fail to yield meaningfiil indices. A systematic assessment of 
which indices are meaningful in which circumstances is provided. 

1 Introduction 

"Don't run down your assets!" - The sustainability imperative can be put as sim­
ple as that. There are, however, a variety of assets that may be worth preserving: 
natural capital, man-made (physical) capital, human capital, not to speak of 'social 
capital' (governance, trust, and other social institutions). Different notions of sus­
tainability differ with respect to the degree of substitutability which is presumed to 
exist between the various types of capital. A hypothetical extreme position might 
entail that each and every asset should be preserved: Not only should the stocks of 
natural capital, physical capital, human and social capital be non-decreasing but 
also the different kinds of natural capital, down to individual species, minerals, or 
fuels. 

Acknowledgement: I am grateful to Udo Ebert, Friedrich Schneider, Armin 
Schmutzler, Christoph Weber, Cees Withagen and Pascal Wolff for useful comments 
on an earlier version. 

mailto:welsch@uni-oldenburg.de
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Such a position could be called 'ultra-strong sustainability'. It has a big advan­
tage: To be monitored, it does not need the construction of any 'sustainability in­
dex' whatsoever. But ultra-strong sustainability is not a tenable position in the real 
world, be it only since it would imply that all non-renewable resources remain un­
touched indefinitely. By contrast, both analysts and policy makers will normally 
be prepared to tolerate some trade-off between different assets, and this begs the 
need for sustainability indices, that is, tools for answering the question: "Have the 
relevant assets been kept intact overallT' (weak sustainability of some degree). 

Speaking somewhat loosely, a sustainability index should permit an assessment 
of whether 'the situation' (e.g. the environmental situation) has become better or 
worse between time t and ^+1. This sustainability problem is slightly different 
fi*om the ranking problem: How do places (e.g. countries) rank in terms of 'the 
situation' in question? Though both problems are related, I will mainly focus on 
the former, touching upon the latter only occasionally. 

A basic requirement when constructing a sustainability index is that it should 
be meaningful, in the sense that the comparison of situations over time should be 
unambiguous with respect to the choice of measurement units of the relevant vari­
ables. 

With respect to meaningfulness it is useful to distinguish between the case of 
commensurability and the case of incommensurability. In the former case, the 
comparison of situations is unambiguous because all legitimate choices of meas­
urement units can be accommodated on the basis of exogenously given relation­
ships among the variables. This is not the case with incommensurable variables: 
Here an ambiguity problem may arise, depending on the measurability and compa­
rability properties of the variables involved. The two cases will be addressed in 
separate sections (Section 2, and Sections 3 and 4, respectively). 

The focus of the paper is on methodological issues. Indices actually proposed 
or applied are mentioned mainly for illustrative purposes. A comprehensive sur­
vey of actual indices is not intended. 

2 Commensurability 

Two types of sustainability indices considered in the literature fall into the cate­
gory of commensurability: indices based on a monetary welfare metric and indices 
based on a bio-physical effects-metric, respectively. 

2.1 Monetary Welfare-Metric 

To illustrate the welfare-based approach to constructing sustainability indices, 
consider a welfare function defined over consumption C and the stock of natural 
capital N, Natural capital is an aggregate which comprises various types of ex­
haustible and renewable resources as well as various dimensions of environmental 
quality. The welfare function reads 
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W, = W(Q, AV (1) 

and is assumed to be twice differentiable, increasing and strictly concave in both 
arguments. The variable Wt is a monetary measure of per-capita welfare or utility 
at time .̂̂  

A definition of sustainability might involve the following requirements: 
(a) W^>^ for all t, (b) W^>0 for all t, that is, welfare should be non-declining 

and positive. If we accept this definition, Wt is a sustainability index. It can be 
linked to other, perhaps more popular, notions and indices of sustainability as fol­
lows. Consider a well-behaved (per-capita) production function Y{KJR), where K 
denotes the stock of physical capital and R the flow of natural resources into the 
production process. Letting S denote savings, we have C=Y-S, and requirement 
(a) can be written as follows (with subscripts denoting partial derivatives and dots 
denoting time derivatives): 

W = W,^iY,k^Y,R-S)^W,N (2) 

= WJ^k + W^N + Wc'{Y^R-S)>0. 

If, for simplicity, we disregard the last term before the inequality sign, this cor­
responds to the well-known concept of weak sustainability (Pearce and Atkinson, 
1993) according to which the overall capital stock (man-made and natural) should 
be non-declining. One way to achieve this would entail that both K and N should 
not decline, a requirement commonly referred to as strong sustainability. 

The weaker of the two sustainability concepts presupposes that man-made and 
natural capital can be aggregated since they are to some degree substitutes for 
each other. As eq. (2) shows, this aggregation requires weights, which are based 
on the marginal welfare of consumption and nature {Wc and W}^, respectively) and 
on marginal products. Of course, even for known welfare and production func­
tions, these marginals can probably take almost all non-negative values. In fact, 
they will depend on the development path actually taken by the economy. The 
theoretically appropriate marginals will be those along an optimal sustainable 
path. Unique values can be obtained by solving the intertemporal optimisation 
problem 

T 

max je"W(Y(K, R) - S, N) dt (3) 
0 

subject to the appropriate equations of motion, typically K = S-5K, 
N = G(N) -R, (d= depreciation rate, G(N) = growth function of natural capital), 
and the requirements (a) and (b). 

The advantage of this approach with respect to the problem of constructing 
meaningful sustainability indices is that the weights necessary for aggregation are 
conceptually well-defined and can accommodate any choice of measurement units 
for K and N. The difficulty, however, is that the weights are hard to determine in 

The framework presented here has been chosen for simplicity of exposition. More 
complex set-ups could be considered. 
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reality. Not all researchers and policy makers would be prepared to specify and 
solve problem (3), given the prevailing uncertainties.^ Whether and to what extent 
weights determined with standard valuation techniques (such as contingent valua­
tion or hedonic regressions) can be used as surrogates is not to be discussed here. 

Constructing a meaningfiil index may appear easier if strong sustainability is 
considered instead, in which case natural capital, iV, is required to be non-
declining. But natural capital is a construct, that is, an aggregate of rather diverse 
components. In other words, natural capital is itself an index. Conceptually, it 
could be constructed within the fi'amework sketched above by simple re-
interpretation of the symbol N, which would then denote a vector rather than a 
scalar. The difficulties of operationalising the aggregation, however, would proba­
bly be almost as severe as in the case of weak sustainability.^ 

2.2 Bio-Physical Effects-Metric 

An important alternative to welfare-based sustainability indices is based on bio­
physical cause-effect relationships. In this approach, effects are usually classified 
according to certain 'themes' or 'issues', which often correspond to categories of 
environmental damage. Issues fi-equently considered in the literature are climate 
change, ozone layer depletion, acidification, eutrophication, toxic contamination, 
and others (Adriaanse, 1993, OECD 1993). Issue indices can plausibly be catego­
rised as a set of strong sustainability indices, that is, they represent sub-aggregates 
of natural capital. If these dimensions of natural capital are thought to be comple­
mentary to each other, rather than substitutable, the aggregation problem men­
tioned at the end of the preceding sub-section is not relevant. 

An example may serve to illustrate the approach. Consider the issue of eutro­
phication of water and soil. It is caused by an excessive supply of plant nutrients 
in the form of phosphates and nitrogen compounds. An index of eutrophication is 
an aggregate of the loads of the two constituents which cause eutrophication: 
phosphates, expressed in terms of phosphorus, and nitrates, expressed in terms of 
nitrogen. The two substances differ with respect to their eutrophication effect: A 
kiloton (kt) of nitrogen can be taken to have a ten-times smaller effect than a kt of 
phosphorus (Adriaanse, 1993). Given this effect ratio, either of these substances 
can be used as a 'numeraire' to measure eutrophication. One possibility is to 
choose phosphorus as the numeraire and to transform nitrogen loads into 'equiva­
lent' phosphorus loads. A 'eutrophication equivalent' then is 1 kt phosphorus =10 
kt nitrogen, and a eutrophication index can be computed using 1 and 10 as 
weights. It is trivial how to adjust the weights if one of the substances is measured 

Actually, the situation is somewhat paradoxical: Constructing an indicator of sustain­
ability along these lines requires information which the indicator is supposed to de­
liver, that is, whether the development is sustainable. 
A more pragmatic approach to implementing indices of both weak and strong sus­
tainability has been pursued by Pearce and Atkinson (1993). 
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not in kt but in pounds, say, by invoking the proportionality of the two measure­
ment units. 

Given the effect ratios and the possibility to convert measurement units for pol­
lutant loads (kt, kg, pounds), the eutrophication index so defined allows an unam­
biguous comparison of two (or more) situations with respect to the prevailing de­
gree of eutrophication, independent of measurement units. Needless to say, this is 
also the case if nitrogen is chosen as the numeraire, rather than phosporus. 

The same logic applies to the other environmental issues mentioned above. In 
the case of climate change, for instance, so-called global warming potentials allow 
to express the various greenhouse gases in terms of global warming equivalents 
and to construct indices of global warming pressure. These then permit an unam­
biguous assessment of whether global warming pressure has increased or de­
creased. 

It can thus be concluded that 'issue indices' are meaningful given that they are 
based on known scientific relationships which allow to accommodate any legiti­
mate choice of measurement units. 

3 Incommensurability: The Problem and Common 
Approacheŝ  

We now consider cases in which the situations to be compared are described nei­
ther in terms of welfare nor in terms of well-defined bio-physical damage catego­
ries or life support fimctions. These cases often involve concepts that are inher­
ently vague, such as 'air pollution' or 'water pollution'. In contrast to 
acidification, eutrophication, and other 'issues' mentioned above, these phenom­
ena are ill-defined and, hence, not directly measurable. This circumstance prevents 
to derive bio-physical relationships between the constituents that contribute to the 
respective phenomenon. 

In addition to ill-defined phenomena, incommensurability may also arise when 
it is attempted to aggregate several well-defined 'issues' into an encompassing in­
dex. Such an aggregation may be desired especially when a one-dimensional index 
of (weak or strong) sustainability is sought for. 

Both cases have in common that some exogenous weights must be applied to 
the constituents of the index. Weights may be based, e.g., on opinion polls or ex­
pert judgements. Sometimes, explicit weighting is avoided for lack of information, 
but implicitly this means that equal weights are accorded to the constituent vari­
ables. The determination of weights is not the subject of this paper. Weights are 
thus throughout assumed to be given.^ 

Subsections 3.1 and 3.2 are based on Ebert and Welsch (2002). Subsection 3.3 draws 
on discussions with Udo Ebert. 
In aggregating theme indices to an encompassing index, weights may differ from 
country to country. For instance, if some issue is not relevant in a particular country, 
it may get a weight of zero. 
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3.1 The Problem 

In order to illustrate the problem, consider a simple example which involves the 
aggregation of two environmental issues. Similar problems may arise when it is 
attempted to aggregate several polluting substances into an index of an ill-defined 
phenomenon like air pollution or water pollution. 

Suppose we want to assess whether the joint environmental pressure from 
acidification (sulphur) and eutrophication (phosphorus) has decreased or increased 
between t = 1 and t = 1. The data are given in Table 1. They are taken from 
Adriaanse (1993) and refer to the Netherlands 1980 and 1985. 

Table 1. 

t = l 
t = 2 

Illustrative data for acidification and 

Sulphur dioxide 
in kg per hectare 
210 
200 

eutrophication 

Phosphorus 
inkt 
306 
310 

For simplicity we assume that the two types of environmental pressure are to be 
weighted equally. Choosing as an index formula the arithmetic mean yields 258 in 
t= \ and 255 in ^ = 2. Overall environmental pressure has thus decreased, or so it 
seems. However, we could have chosen different units for one or both types of 
pollution. Suppose that eutrophication were measured in units of 100 kg of phos­
phorus, instead of kilotons as assumed above. The phosphorus load would then be 
3060 and 3100 in ^ = 1 and t = 1, respectively, and the associated index values 
would be 1635 and 1650, indicating an increase of environmental pressure. We 
cannot thus be sure whether the state of the environment, composed of acidifica­
tion and eutrophication, has improved or deteriorated. 

A similar ambiguity would have occurred had we chosen to measure eutrophi­
cation not in phosphorus equivalents, but in nitrogen equivalents. The level of eu­
trophication would then be 3060 kt nitrogen in ^ = 1 and 3100 kt nitrogen in / = 2, 
and the joint index would again have increased from 1635 to 1650. Ambiguity 
may thus arise not only from trivial choices of units (kilotons, kilograms, pounds 
etc.) but also from the choice of the substance (the 'numeraire') in which to ex­
press some type of environmental pressure. 

The question arises whether ambiguity can be avoided by choosing a different 
index formula (keeping the weighting scheme unaltered). One possibility would 
be to choose the geometric rather than the arithmetic mean. In this case the index 
values for / = 1 and t = 2, respectively, are (210*306)^^^ = 253.5 and (200*310)^^^ 
= 249.0 under the initial choice of units. Under the alternative choice of units, the 
values (210*3060)^^^ = 801.6 and (200*3100)^^^ = 787.4 would be obtained. Inde­
pendent of measurement units for the individual environmental pressures this kind 
of index unambiguously indicates a decrease in overall pressure. 

This example has shown that some index formulas may give rise to ambiguous 
comparisons while others allow to avoid these problems. Section 4 will examine 
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systematically which indices are appropriate ('meaningfur) in which circum­
stances. 

The problems just illustrated are, to some extent, rather obvious, and there are 
several ways how they are approached in practice. These can be classified into 
cardinal and ordinal approaches. The remainder of this section discusses these ap­
proaches. 

3.2 Cardinal Approaches 

The cardinal approach to index construction involves a two-step procedure. It con­
sists of converting the variables fi-om their original (natural) imits to 'normalised' 
(artificial) units and then aggregating the results. The rationale put forward for the 
first step is that the crude environmental data Xi are considered not suitable for di­
rect aggregation because they may differ with respect to their size (units of meas­
urement) and their variability (range). Obviously, for any given aggregator fiinc-
tion and explicit weighting scheme, the effective weight of any variable / may 
depend on the units in which it is measured and on the range it occupies. This may 
affect the index value in the way illustrated above and imply ambiguous compari­
sons. 

The first step, normalisation, involves in most cases a linear transformation of 
the crude data, comprising the two elementary operations of translation (addition 
or subtraction of a constant fi-om all observations of a given variable, thus shifting 
the origin) and/or expansion (multiplication or division of all values by a constant, 
thus changing the scale). Following Ott (1978) the normalised variables will be re­
ferred to as indicators. The indicator corresponding to the crude data Xt will be de­
noted by/,. (X.) . 

In practice, a variety of normalisation procedures are being applied. Two broad 
categories can be distinguished: Ranging and standardisation. Ranging scales the 
crude data into the interval 0 to 1. In these approaches, the largest observation has 
the value 1, but the smallest observation may or may not have the value 0: 

/ , (X,) = X , / X r or (4) 

/, (X,)={X, - xr )i{xr - xr) (5) 
where X°^ and X^ denote the minimum and, respectively, maximum of vari­
able z. The first version of ranging (eq. (4)) retains the origin, i.e. zero is mapped 
to zero. In the second version (eq. (5)) the smallest observation is mapped to zero. 

In standardisation, indicator values are obtained by subtracting the mean (fi) 
fi-om the observations and dividing by the standard deviation (a) : 

/ , (X,) = (X,-M,)/(7, (6) 

Standardised values, hence, give the deviation of the corresponding underlying 
variable fi'om the mean of observations, expressed in standard deviation units. 
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Clearly, the standardised variables are mixed in sign even if the crude observa­
tions are all positive. 

A common problem of these approaches is that the mean, the standard devia­
tion, the smallest and the largest value can all change as additional observations 
become available. This renders these indices inappropriate for comparisons over 
time, which are essential to any sustainability assessment. This problem is avoided 
if, instead of parameters of the observed distribution, exogenous reference values 
or standards are employed in normalisation. For instance, the Xf^ and Xf^ in 
eq. (4) or (5) could be replaced by certain fractions or multiples of environmental 
standards (or target values). However, even though such indicators and the result­
ing indices are not plagued with the observation-dependence of the normalisation 
parameters, the choice of exogenous normalisation parameters is never free of ar­
bitrariness. 

Arbitrariness also widely prevails with respect to the aggregation rule applied 
in the second step. Some authors justify their choices by considerations of pre­
sumed substitutability among the environmental variables (see Ott, 1978, Khanna 
2000). Widely used aggregation rules are the arithmetic mean, the geometric 
mean, and the constant-elasticity-of-substitution fiinction (of which the former two 
are limiting cases). In practice, these aggregation rules are combined with diverse 
forms of normalisation in a largely unsystematic way, as the examples in Table 2 
illustrate. 

Table 2. A selection of environmental indices 

Reference Normalisation Aggregation 

Adriaanse (1993) /, (X,) = Xjx: I{X) = I ,/ , (X,) 

Eyden(1998) '^ '^ '' ' ^ ^ i i i\ iJ 

ESI (2001) /, (X,) = (X, - A/)/(T, I{X) = i z , / , (X,) 
n 

Hope et al. (1992) / , (X.) = xjxj''' I{X) = E,w,/,(X.) 

l/e 

Khanna(2000) I,{X,)= ^_i;__^^ / ( X ) = (^lz,/ ,(X,) ' 

Van der Bergh/van T(Y\-VIV^ T{V\ ^^T{V\ 
Veen-Groot(2001) A ( ^ , ) - - ^ , / - ^ , / ( X ) = -Z , / , (X, ) 

Adriaanse (1993) normalises the values of his 'theme' indices (climate change, 
ozone layer depletion, acidification etc.) by dividing them by a target value, and 
adds the normalised values across themes. The pollution index of Hope et al. 
(1992) uses as its input variables pollutant loads in water, air, and soil, which are 
expressed as a fraction(or multiple) of their respective values in a base year. These 
normalised values are then aggregated using the weighted arithmetic mean, with 
weights derived from opinion polls. Similar normalisations are applied by den 
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Butter and van der Eyden (1998) and van den Bergh and van Veen-Groot (2001). 
The 'Environmental Sustainability Index' of the World Economic Forum (ESI, 
2001) employs standardisation as a normalisation device. They all use the arithme­
tic mean to aggregate their normalised data. Khanna (2000) chooses a constant-
elasticity-of-substitution aggregator function. 

Note that in the case of Adriaanse (1993) and den Butter/van der Eyden (1998) 
X. denotes the value of a 'theme indicator' in 'theme equivalent units' and 

/. (X.) the normalised theme indicator value. In all other cases the X. are in 

natural units. X* denotes an exogenous target value, and X™" and Xf^ are 50% 

and 500% of the National Ambient Air Quality Standards in the U.S. W/ denotes 
the weight of variable /. 

It is obvious that any two of the normalisation-aggregation configurations in 
Table 1 may imply different comparisons of states of the environment since these 
procedures approach the problem of measurement in rather different, yet arbitrary 
ways. 

3.3 Ordinal Approaches 

The ordinal approach deals with the problems implied by the non-uniqueness of 
the cardinalisation of variables by simply ignoring the cardinal dimension of the 
data and focusing on the ranking of the objects to be compared.^ In the case of sus­
tainability assessment, the 'objects' are the environmental situations at / = 1 and 
t = 2, which are described in terms of at least two variables (or attributes). 

The ordinal approach consists in aggregating the rank orders of the objects by 
individual attributes, instead of aggregating the numerical values of the attributes 
by individual object. A variety of rank aggregation procedures have been proposed 
(see Chebotarev and Shamis 1998 for an overview and characterisation). They all 
share a common drawback, namely that they are subject to the impossibility theo­
rem of Arrow (1963) which states that there exists no aggregation rule for rank or­
der preferences that satisfies a set of reasonable axioms. However, one of the Ar­
row axioms is of little importance in many applications of ranking rules: the 
'independence of irrelevant alternatives'. To see this, consider that the 'alterna­
tives' correspond to the objects to be ranked. Whenever the set of objects is fixed 
(e.g. a fixed list of countries for which a rank order is being sought), the axiom is 
itself rather 'irrelevant' unless the set of objects is to be changed."̂  

Unfortunately, the axiom cannot be discarded if one attempts to apply ranking 
rules in sustainability assessment. In fact, ranking rules may imply inconsistent as­
sessments. This can be illustrated for the case of the Borda rule, which is the 
probably simplest and best known ranking rule. 

^ In fact, ordinal approaches can be applied to data which are ordinal in character, that 
is, data which lack any cardinal significance. 

^ Examples of country rankings include Dasgupta and Weale (1992) and Paul (1997). 



16 H. Welsch 

The Borda rule is based on simple addition across attributes of the attribute-
specific ranks of the objects.^ More specifically, the Borda score of an object is 
given by 

B = Ik{n-ak) (7) 

where n is the number of objects and ak is the rank number of the considered ob­
ject in respect of attribute k (higher value of attribute is mapped to higher Uk). The 
Borda score is 1 for the highest-ranking object and n for the lowest-ranking one. 

If we wish to employ the Borda score for sustainability assessment, the objects 
correspond to time periods U and tj, and n = 2. However, there is a sequence of 
such bilateral comparisons: tj vs. t2, t2 vs. t^, etc. Consistency would, of course, re­
quire that an improvement in t2 relative to tj and an improvement in ts relative to t2 
implies an improvement in t^, relative to tj (transitivity). However, since the 'inde­
pendence of irrelevant alternatives' is not satisfied, transitivity is not guaranteed.^ 

A numerical example may illustrate this. Assume tj, t2, and ts are to be com­
pared with respect to 3 pollutants Xj, X2, and X3. The (hypothetical) data are given 
in Table 3. The measurement units are ignored since we want to apply an ordinal 
comparison method. 

Table 3. Illustrative pollution data 

tl 
tl 

t3 

Xj 

2 
4 
1 

X2 
6 
4 
5 

Xs 
3 
4 
5 

At t2 we can compare 2̂ with ti. The respective Borda scores are ^(^7) = 2, B(t2) 
= 1, that is t2 ranks first in terms of overall environmental pressure. In other words, 
environmental pressure has increased between t\ and /2- As time proceeds, we can 
compare t^ with 2̂, which yields B{t2) = 2, B{ts) = 1. Thus, there is di further in­
crease in environmental pressure. However, a direct comparison of 3̂ and ti yields 
B(tj) = 1 and B(t3) = 2, indicating a decline of pollution. 

The Borda ranking rule thus fails to produce unambiguous comparisons of en­
vironmental pressure over time. The same is true for all ordinal methods of com­
parison, the reason being that they violate the axiom of 'independence of irrele­
vant alternatives'. 

9 

Of course, it would be possible to apply weights to the individual attributes before 
adding them. 
This is akin to the Condorcet paradox in social choice theory. 
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4 Incommensurability: The Social Choice Approach 

It may have become clear that common approaches to the construction of sustain­
ability indices involving incommensurable variables all imply the risk of yielding 
ambiguous (contradictory) assessments. In this sense, these indices are not mean­
ingful. I will now address in a systematic way the question, which indices are 
meaningful in which circumstances, given that the input variables are incommen­
surable.^^ 

4.1 Basic Framework 

We consider n>l environmental variables Xp...,X„ measuring environmental 
quality at some point or period of time. Let a vector X = (Xp...,X^) denote a 
quality profile or environmental state. Moreover, we consider a preference order­
ing P. The ordering is defined for all states in the admitted domain X e D". It re­
flects a researcher's or social decision maker's value judgements on states of the 
environment. 

We suppose that the ordering can be represented by an environmental index /: 
D"^^ 91; i.e. we have 

X' P X' o I{X') > I{X^) for all X\X' G D" . (8) 

The index is only ordinally unique, i.e., every strictly increasing transformation 
ofI(X) is also a representation of the preference ordering. This is, of course, suffi­
cient for a sustainability index since we are only interested in whether the envi­
ronmental situation has improved or deteriorated over time. 

As stated above, ambiguous (contradictory) comparisons of environmental 
states may arise due to the non-uniqueness of measurement scales. Therefore one 
should take into consideration the possibility of changing the scales by which the 
variables X. can be measured. 

Changing scales comes down to transforming the quality profile by a corre­
sponding transformation O = (/J,...,/,) 

<i>:(x„...,x„) ̂ (y;(x, ),...,/„ (jsrj) (9) 
where f., / = 1,...,«, reflects the respective operation. Let 

F : = {O = (yi?-j/„) | fi'I^-^D for / = !,...,«} be the set of transformations of 

D" into itself which are admitted. 
We request that the ranking of environmental profiles must not depend on the 

choice of scales, i.e. must not be changed by any admissible transformation: 

This section is based on Ebert and Welsch (2004), to which the reader is referred for 
details and further references. 
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X' P X'<=>0(X') P O(X') (10) 

for all X\X^^ G D" and O G F . In other words, the ranking has to be invariant 
with respect to admissible transformations. If an ordering P satisfies (3) it is called 
invariant with respect to F (or F-invariant). 

The invariance condition provides the basis of our definition of a meaningfiil 
index, since it can equivalently be stated in terms of any representation / of P: 

/ ( X ^ ) > / ( X ' ) o / ( 0 ( X ' ) ) > / ( 0 ( X ' ) ) (11) 

for all X\X' ^D'' and O G F . 

We call an index meaningful if it satisfies this condition: An environmental in­
dex is meaningfiil if the underlying preference ordering is invariant with respect to 
admissible transformations of the environmental variables. ̂ ^ 

Below we will provide characterisations of classes of indices which are mean­
ingfiil given that the environmental variables possess certain measurability and 
comparability properties. To that purpose we will now classify environmental 
variables into categories of measurability and comparability. 

4.2 Measurability and Comparability 

Measurability relates to the question what kinds of transformations are admissible 
for any single variable, whereas comparability is concerned with the question 
whether several variables can be transformed independently. 

With respect to measurability the classes of interest are interval-scale measur­
able and ratio-scale measurable variables. A variable Xt is interval-scale measur­
able if its ordering is unique up to a transformation of the form ^(X.) = a.X. + )3. 

for a. > 0. In other words, admissible transformations involve translations as well 
as expansions. Interval-scale measurable variables allow to compare levels and 
differences independent of transformations of the form stated above, but do not al­
low to compare ratios. This is different with ratio-scale measurable variables: 

A variable Xt is ratio-scale measurable if its ordering is unique up to a trans­
formation of the form fi(X.) = a^X. for a. > 0 . Hence, only expansions but not 

translations are admissible, that is, the variable has a fixed (natural) origin. The 
consequence is that levels, differences, and ratios can be compared, independent 
of transformations of the form stated above. 

With respect to comparability, five cases may be relevant for sustainability as­
sessment. 

11 The property of 'meaningfulness' is a purely technical one, not suggesting any 
substantive connotation. The term comes from 'measurement theory', see Pfanzagl 
(1971), Roberts (1979) or Luce et al. (1990). 



Constructing Meaningful Sustainability Indices 19 

(a) Interval-scale noncomparability INC: f^{X^)=a-X^-^P^, a . > 0 . Under 
INC, several variables can be translated and expanded separately (inde­
pendently). 

(b) Interval-scale unit comparability lUC: yj(X,.) = aX,-i-)5., a > 0 . Under 
lUC, several variables can be translated independently, but they can only 
be expanded jointly. 

(c) Interval-scale full comparability IFC: f. (X.) = aX. + j5 , a > 0 .Under IFC, 

only common translations and expansions are admitted. 
(d) Ratio-scale noncomparability RNC: f^(X^) = a^X., a. > 0 . Under RNC, 

several variables can be expanded independently; translations are not ad­
mitted. 

(e) Ratio-scale full comparability RFC: f.(X.) = aX., a > 0 . Under RFC, 
several variables can only be expanded jointly. 

Among these cases, INC and RNC are perhaps the most important ones. INC 
applies to temperatures: Temperatures in several situations can be measured in 
Centigrades, Fahrenheit, Reaumur, and Kelvin, which are related to each other as 
stated under (a). RNC applies to masses (such as pollutant loads): Masses in sev­
eral situations can be expressed in pounds, kilograms, tons etc., which are related 
to each other as stated under (d). 

4.3 Results 

The results for interval-scale measurability and ratio-scale measurability are pre­
sented in Table 4 and Table 5, respectively. 

Table 4. Results for interval-scale measurability 

C+WM C+SM C+SM+SEP 
INC dictatorial ordering no ordering 
lUC " " 

X w.X., w. >0 y w.X., w. >0 
• ^ - ^ I I I ^ - ^ I J ' I 
i=\ /=1 

IFC n n n 

/=i /=i /=i 

and more compli- and more compli-
cated forms ES!£ J fSSS, _̂ u.»..̂ ....».. 

Note: C, WM, SM, and SEP denote continuity, weak monotonicity, strong monotonicity, 
and separability. These are properties that one may wish to impose on the preference order­
ing. 

It can be seen from Table 4 that for interval-scale non-comparable (INC) vari­
ables at best a dictatorial ordering (dictatorial index) exists, depending on the de­
sired type of monotonicity. The frequently used arithmetic mean requires at least 
interval-scale unit comparability, that is, the scale of the variables can only be 
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changed jointly (by a common factor); only the origin may be shifted independ­
ently. 

For ratio-scale measurable variables, the prospects for obtaining a meaningfiil 
index are more favourable (see Table 5). Most interesting is the case of ratio-scale 
non-comparable variables, like pollutant loads. In this case, the geometric mean 
(Cobb-Douglas fiinction) provides a meaningftil index 

Table 5. Results for ratio-scale measurability 

C+WM C+SM C+SM+SEP 
RNC " T^-

on91+%r91++° on 9̂ ++° 
RFC any homothetic func- any homothetic func- CES function 

.••..^—.....••M.......„.._a.....,.-.^...M.. ^.^,^" t i o n 

Note: See Table 4. 

In the case of mixed measurability, chances to obtain a meaningfiil index are 
poor. For instance, if one wishes to define an ordering over an INC variable and a 
RNC variable the ordering must be dictatorial to be meaningfiil (free of ambigu­
ity). This then implies that either the INC variable or the RNC variable must be 
chosen as an index. It is impossible to combine them in a meaningfiil way. This 
case is, e.g., relevant for water quality indices, which often aim at combining tem­
perature (INC) with pollutant loads (RNC). 

5 Conclusions 

The paper has surveyed and evaluated the possibilities and limitations of sustain-
ability indices from the point of view of meaningfiilness. A meaningfiil sustain-
ability index is one which allows unambiguous orderings of the relevant 'situa­
tions' over time, independent of the measurement units in which the variables 
describing the situations are expressed. The cases of commensurability and in­
commensurability were distinguished. In the former, the comparison of situations 
is unambiguous because all legitimate choices of measurement units can be ac­
commodated on the basis of exogenously given relationships among the variables. 
These relationships may define a welfare-based monetary metric or an effects-
based bio-physical metric. In the case of incommensurability, common approaches 
(both cardinal and ordinal) may fail to yield meaningfiil indices. 

A systematic assessment of which indices are meaningfiil in which circum­
stances has shown that indices in the frequently used form of an arithmetic mean 
are meaningfiil only if the variables satisfy (at least) interval-scale unit compara­
bility, i.e. they can be scaled only by a common factor. Important environmental 
variables like emissions or pollutant loads (masses) do not possess this property. 
Masses are ratio-scale non-comparable, that is, they can be scaled independently 
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(pounds, kilograms, tons), but have a fixed origin (0 pounds = 0 kilograms etc.). 
An environmental index which combines masses using the geometric mean is 
meaningful. Masses (RNC) and temperatures (INC) cannot be combined with each 
other - as attempted in some water quality indices - in a meaningful way. 

The criterion that sustainability indices should guarantee unambiguous com­
parisons of situations is intuitively plausible. Yet, there may exist a tension with 
other criteria. For instance, the geometric mean (Cobb-Douglas function) implies 
that the elasticity of substitution between the constituent variables (e.g. pollutant 
loads) is unity. This implied elasticity may differ jfrom a-priori ideas a researcher 
or policy maker might have regarding substitutability. A problem may then arise 
especially when the substitutability that is deemed appropriate is lower than unity. 
However, the fi'equently applied arithmetic mean is even worse in this regard: It 
implies an infinite elasticity of substitution, that is, any deterioration with respect 
to one pollutant can be neutralised by a finite improvement with respect to another 
pollutant. In comparison with this case the geometric mean provides a relatively 
'prudent' type of index. 

If the conditions for meaningfulness are not fulfilled, all one can probably do is 
to take resort to a statistical approach: One could compute a battery of indices 
which involve a variety of normalisations and aggregation rules and then show the 
distribution of improvements vs. deteriorations. This would yield a sort of likeli­
hood that the 'situation' has improved or deteriorated. Possibly, a unanimous an­
swer may be obtained, and hopefully it will indicate that the requirement of sus­
tainability is satisfied. 
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Abstract. The European Council will review in 2005 the Sustainable Develop­
ment Strategy (SDS) which was adopted in Gothenburg in 2001. Indicators for 
measuring the progress will be needed to assess whether the unsustainable trends 
identified in 2001 have been overcome and whether international commitments 
like those taken with the plan of implementation of the 2002 World Summit on 
Sustainable Development have been translated into facts. This paper presents the 
contribution of the European Statistical System to the drawing-up of a first set of 
Sustainable Development Indicators for the purpose of the EU Sustainable Devel­
opment Strategy. 

1 Introduction 

One of the main tasks of the Eurostat Task Force on Sustainable Development In­
dicators is to assist Eurostat in identifying a suitable framework for future work at 
EU level on Sustainable Development Indicators (SDI). A framework for organis­
ing the selection and development of indicators is essential, although it is recog­
nised that any framework on its own is an imperfect tool for expressing the com­
plexities and interrelationships encompassed by sustainable development (SD). 

There are many different interpretations of what is meant by 'sustainable de­
velopment'. It is not the role of Eurostat or the statistical offices to define sustain­
able development. Two Commission Communications and the related Council 
Conclusions have set out their interpretation of what sustainable development 
means in practical terms at EU level, with a number of key objectives, based on 
the priority themes mentioned below. The EU has also taken a number of com­
mitments following the World Summit on Sustainable Development (WSSD) in 
Johannesburg in 2002. The framework for indicators must take on board the need 
to monitor progress in these priority areas. 

mailto:pascal.wolff@cec.eu.int
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This paper attempts to set out a framework which could serve as a basis for the 
development of a list of indicators to be used in evaluating the implementation and 
effectiveness of the EU Sustainable Development Strategy (SDS). This framework 
takes account of both the political basis defined by the Commission and the Euro­
pean Council and the technical basis, which has been implemented over the time 
through many initiatives within and outside the EU. 

The fact that this framework and the ftiture indicators have been set up in order 
to serve for the evaluation of the EU SDS means in particular that the Task Force 
leaves it to each Member State to determine whether this framework and/or some 
or all of these SDI are relevant for national purposes or if specific priorities or in­
dicators should be developed at the national level. 

The present paper is intended to define a set of rules for the definition and the 
organisation of the ftiture set of indicators by answering the following questions: 
- How should the set of indicators be organised? 
- What are the rules to be followed for the selection of indicators? 
- How to communicate on the work achieved? 
- What is the time frame for this work? 

2 The Political and Technical Basis 

The priority policy themes, their objectives and measures, as set out in the Com­
mission Communications on SDS and Global Partnership, together with the Con­
clusions of the European Council Summits in Gothenburg and Seville, form the 
core features of the framework for SDI. The EU commitments made in the Johan­
nesburg Declaration and the Plan of Implementation (Pol) of the World Summit 
on Sustainable Development are likely to be integrated into the strategy when it is 
revised in 2004. Taken together, these documents form the political basis for fix­
ture SDI work. 

2.1 The Sustainable Development Strategy 

In Gothenburg, the European Council not only added an environmental dimension 
to the Lisbon Strategy - so putting the environmental dimension on a par with 
economic and social dimensions - but it also adopted a strategy for sustainable 
development. The Strategy focuses on six themes^: 
1. Limiting climate change and increasing the use of clean energy; 
2. Addressing threats to public health; 
3. Managing natural resources more responsibly; 
4. Improving the transport system and land-use management; 

Commission Communication COM(2001)264 final of 15.05.2001: "A Sustainable 
Europe for a Better World: A European Union Strategy for Sustainable Develop­
ment". 
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5. Combating poverty and social exclusion; and 
6. Dealing with the economic and social implications of an ageing society. 

For each theme, a number of headline objectives are identified, as well as a set 
of measures to be introduced in order to meet those objectives. In some cases there 
are also supplementary objectives linked to the measures, for example, 'alternative 
fiiels should account for at least seven percent of fuel consumption by cars and 
trucks by 2010'. 

2.2 Global Partnership 

A second Communication^, on the external dimension of sustainable development, 
was endorsed by the European Council in Seville. This complements the first step 
taken in Gothenburg by proposing that the EU should take a leading role in the 
pursuit of global sustainable development. It sets out the six priorities listed be­
low: 
1. Harnessing globalisation: trade for sustainable development; 
2. Fighting poverty and promoting social development; 
3. Sustainable management of natural and environmental resources; 
4. Improving the coherence of EU policies; 
5. Better governance at all levels; 
6. Financing sustainable development. 

As global partnership refers to both domestic and international actions, some of 
the issues can be considered as overlapping with the SDS priority themes (e.g. 
poverty, resource management), while others, such as governance, may add a new 
aspect also for SD assessments within the EU. 

2.3 The WSSD Plan of Implementation 

The Johannesburg Declaration and the Pol reaffirmed the Rio commitments and 
highlighted the issues of poverty and environmental protection, but also strength­
ened demands in areas such as sustainable production and consumption, water and 
energy and emphasised the role of the civil society and benefits of partnership. 
The key commitments refer to the following main issues: 
1. Poverty eradication, including water and sanitation; 
2. Changing unsustainable patterns of production and consumption, including en­

ergy, transport, waste, chemicals, and corporate environmental and social re­
sponsibility; 

3. Protecting and managing the natural resource base of economic and social de­
velopment; 

4. Health and sustainable development; 

Commission Communication COM(2002)82 final of 13.02.2002: "Towards a Global 
Partnership for Sustainable Development". 
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5. Sustainable development of Small Island Developing States (SIDS) and in Af­
rica; 

6. Means of implementation (Official Development Assistance, participation). 
Several of the priority issues of the Pol have been already included in the EU 

measures on internal or external SD. The main expansion refers to sustainable 
production and consumption, corporate social and environmental responsibility, 
and participation. As the EU will have a leading and decisive role in these, they 
have been integrated into the proposed framework. This addition will facilitate the 
integration of more actual considerations of SD into the framework and accord­
ingly, is expected to result in a more policy relevant set of SDL 

2.4 The Technical Basis 

With a view to harmonisation and rationalisation with other indicator initiatives, 
the current work will make maximum use of existing initiatives - both interna­
tional and national - such as UN Commission on Sustainable Development and 
Organisation for Economic Co-operation and Development (OECD) lists of SDI, 
Structural Indicators, Laeken indicators. Environmental Pressure Indicators, etc. 
This does not mean, however, that the indicators used in these exercises would 
automatically qualify to become part of the EU set of SDI. 

Because one of the major challenges of SDI is to bring out how the economic, 
social and environmental aspects of SD impinge on each other, accounting frame­
works - and particularly the System for integrated Environmental and Economic 
Accounting (SEEA) - which apply a harmonised approach to the economy and a 
number of environmental issues, will be favoured as much as possible to describe 
the interlinks between dimensions. Moreover, the extension of this accounting ma­
trix to include social issues is being explored in a number of Member States. 

3 The EU Framework for Sustainable Development Indicators 

These themes outlined above, together with the objectives and measures set out in 
the Communications, will provide the framework for the identification and selec­
tion of the indicators. These should be supplemented by some background eco­
nomic indicators, to provide the context for the other indicators. 

The selection of the set of indicators will take into account the technical base of 
existing sets of indicators and statistical work in related areas. This will ensure 
consistency between sets of indicators, and should reduce the burden on Member 
States. However, a further analysis of the themes, objectives and measures may 
well result in the need for new indicators. 

The identification of appropriate indicators is an iterative process. The Com­
mission is required to review the strategy regularly. This may also result in revi­
sion of the indicator set to adapt it to new needs, which become apparent follow­
ing the review. 
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3.1 Why a Theme Framework? 

As discussed during the 9th session of the Commission on Sustainable Develop­
ment of the UN, the framework employed in the CSD work programme to guide 
the selection of SDI has evolved from a driving force-state-response approach to 
one focusing on themes and sub-themes of sustainable development. This change 
in organisational framework was prompted by the experience of countries that as­
sisted the CSD in testing and developing indicators of sustainable development. 

In essence, the rationale for the theme framework is to better assist national 
policy decision making and performance measurement by focusing on relevant 
policy issues. The main drawback in this approach is that the set of indicators is 
not so stable, as priority themes and headline objectives may change over time. 
However, new priorities and policy targets will also need indicators to monitor 
their implementation and effectiveness. Indeed, one of the uses of indicators is to 
monitor if the existing policies are having the desired effect, or whether fiirther 
measures are needed. So while a stable set of indicators may be desirable from a 
statistical point of view, for policy makers some flexibility is preferable. This em­
phasises the importance of a stable base of statistical data, which can be combined 
in different ways to produce different indicators. 

3.2 The Set of Themes 

The basis of the framework is, then, the six themes mentioned in the SDS. A 
theme on Economic Development has been added to maintain and visualise the 
three dimensional nature of sustainable development. 

The Global Partnership theme refers to the issues of trade, financing for SD 
etc. and describes the impact (positive or negative) of the EU on the sustainable 
development of the rest of the world. 

As outlined in Section 2.3, two additional themes on Production and Consump­
tion Patterns and Good Governance have been added. As the EU intends to have a 
leading and decisive role in the development of both of these, they have been inte­
grated into the proposed framework. 

Table 1. Themes 

ECONOMIC DEVELOPMENT ' 
POVERTY and SOCIAL EXCLUSION 
AGEING SOCIETY 
PUBLIC HEALTH 
CLIMATE CHANGE and ENERGY 
PRODUCTION and CONSUMPTION PATTERNS 
MANAGEMENT of NATURAL RESOURCES 
TRANSPORT 
GOOD GOVERNANCE 
GLOBAL PARTNERSHIP 
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The framework for assessing the EU SDS thus contains the 10 themes pre­
sented in Table 1. 

3.3 About Sub-Themes 

Within each theme a number of sub-themes and 'areas to be addressed' have been 
identified. The sub-themes encompass the relevant SD issues addressed in the ba­
sic policy documents. Generally, the sub-themes are closely linked to the headline 
objectives, which are also reflected in the labelling of the sub-themes. The 'areas 
to be addressed', which can be considered as an interface between indicators and 
policies, are closely linked to the measures announced in both Communications 
and in the Pol. However, a certain amount of balancing has been done between the 
sub-themes and the areas to be addressed, to take account of the different levels of 
importance of the issues and to ensure consistency. 

Additional sub-themes have sometimes been included in order to increase the 
visual clarity of the overall framework and to group the areas to be addressed. In 
these cases the labelling of the new sub-themes follows the objectives of the 
common EU policies (see Table 2 in annex 2). The focus is put on the 'slow burn­
ing' issues, the things we are doing or failing to do today that may result in fixture 
problems (social, environmental or economic) that may be extremely difficult or 
impossible to reverse. This is the essence of sustainability. 

As the policy objectives and measures have not yet been defined in the EU for 
all aspects of the Pol, the characterisation of Production and Consumption Pat­
terns and Good Governance in the framework is based on aspects singled out in 
the Pol and the Aarhus Convention. 

Under this structure of sub-themes, the selected indicators should contribute to 
'telling the story' and for these issues the DPSIR (Driving Force-Pressure-State-
Impact-Response) framework may provide usefiil guidance, depending on the 
most appropriate message. 

3.4 Theme Boundaries and Indicators 

The framework for SDI is determined by policy themes that unavoidably overlap 
partially with each other. Some driving forces such as energy, influence develop­
ments in several themes, but cannot be presented several times in the indicator set. 
Furthermore, the scope of the themes differs considerably as some themes address 
a very specific domain (e.g. Climate Change and Energy) and some (e.g. Produc­
tion and Consumption Patterns) encompass a wide variety of general socio­
economic and environmental issues. 

The approach to be taken with these boundary issues, developed in the course 
of discussions in the Task Force, is presented in annex 1. The main principles for 
allocation are that the indicator in question: 
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- complements the overall theme evaluation; 
- addresses specific policy objectives in the theme; and 
- measures the success/failures of policy actions in that theme. 

Accordingly, the framework is based on a strict prioritisation of indicators in­
side each theme, but with the help of standardised concepts, definitions and classi­
fications, it ensures that information is structured in a manner that facilitates the 
use of indicators in other themes too. 

3.5 Integration 

The integration of economic, social and environmental dimensions forms the heart 
of any assessment of sustainable development. This integration should bring out 
and present the most relevant interactions, damages, distortions, imbalances etc. 
taking place in general and with respect to specific themes. As mentioned under 
Section 2.4, the SEE A is expected to play a major role in the integration of the 
various dimensions. 

The issue of integration can be approached from various perspectives that can 
be used in several combinations in the final framework. It is proposed to favour 
the description of integration at the sub-theme or the area level. 

The practical integration of the three dimensions of SD has several options. In 
the optimum case, the integration takes place when one single variable represents 
the economic, social and environmental aspects of the area/sub-theme/theme in 
question (e.g. environmental taxes). 

The second best case refers to an indicator that is calculated on the basis of sev­
eral variables, thus combining two or three dimensions together. For instance, eco-
efficiency may be considered to be this kind of indicator. 

The third option is to present developments in all three dimensions in a single 
graph. For instance, trends in investments in public transport, incidence of respira­
tory diseases and emissions of volatile organic compounds (VOC) may be used to 
indicate different, but simultaneous developments, the concordance of which may 
require special measures. 

The fourth option refers to graphical presentations where two dimensions are 
combined to a single indicator and the third dimension is presented together with 
the new, calculated one. An example of this could be to plot resource productivity 
(two dimensions) and occupational exposure to harmful chemicals (third dimen­
sion) describing inter-related developments on a country-by-country basis in the 
same graph. 

These general characteristics for the integration indicators illustrate the possi­
bilities for various practical options. 
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4 Sustainable Development Indicators: Selection and Coverage 

4.1 Selection Criteria 

The European Commission and the European Statistical System already have a 
long experience in the selection of indicators. The proposed set of selection crite­
ria is very close to the one used for the Laeken indicators^. 

The Task Force recommends that each indicator to be selected in the SDI list -
and particularly the headline indicators - should respect as far as possible the fol­
lowing criteria, which can be seen, in particular for environmental indicators, as a 
kind of quality target: 
1. An indicator should capture the essence of the problem and have a clear and 

accepted normative interpretation. When translating policy goals into indica­
tors there is an unavoidable reduction of the problem. Selected indicators 
should cover the main concerns of the policy goal without being misleading. 
Their interpretation should be recognised as meaningfiil and understandable by 
a general public. 

2. An indicator should be robust and statistically validated. The data used should 
be regarded as statistically reliable and should avoid arbitrary adjustments. 
When data are derived from sample surveys these surveys should comply with 
the best practices and highest standards of survey research methodology. Indi­
cators should also be reliable over time in the sense that its values are compara­
ble over time and fluctuations can be generally explained. 

3. An indicator should be responsive to policy interventions but not subject to ma­
nipulation. Indicators should reflect the impact of policies, but not be conceived 
in a way that they can be manipulated in order to show a better score. In gen­
eral, indicators should reflect outcomes rather than the various alternative ways 
in which they might be achieved. 

4. An indicator should be measurable in a sufficiently comparable way across 
Member States, and comparable as far as practicable with the standards ap­
plied internationally by the UN and the OECD. The aim should be to reach an 
acceptable level of comparability between the countries involved and to give 
recommendations, when needed, for an increase of this comparability. Indica­
tors should also not be over-sensitive to structural differences between coun­
tries nor pose specific problems of interpretation for some countries. 

5. An indicator should be timely and susceptible to revision. Indicators should be 
as timely as possible, and should be susceptible to revisions both for data and 
underlying concepts when necessary. 

6. The measurement of an indicator should not impose on Member States, on en­
terprises, nor on the Union's citizens a burden disproportionate to its benefits. 
Wherever possible, the construction of sustainable development indicators 

Cf report from the chairman of the indicators Sub-Group to the Social Protection 
Committee, October 2001, Page 11. Academic research which contributed to the con­
clusions reached by the ISG can be found in: Atkinson, T., B. Cantillon, E. Marlier, 
and B. Nolan (2002), Social Indicators: The EU and Social Inclusion, Oxford. 
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should be based on existing data collections made by Eurostat, the European 
Environment Agency (EEA) or other recognised international sources. 

And the portfolio of indicators should follow the following principles: 
7. The portfolio of indicators should be as far SLS possible balanced across differ­

ent dimensions. The selection of indicators should respect a certain equilibrium 
across the various SD themes. 

8. The indicators should be mutually consistent within a theme. Indicators should 
not deliver contradictory messages, or to the extent that they do so then expla­
nations should be readily available. 

9. The portfolio of indicators should be as transparent and accessible as possible 
to the citizens of the European Union. Indicators should be easy to read and un­
derstand. Dissemination aspects will be treated under Section 4. 
Some of the measures announced in both Communications have clear targets 

and therefore indicators can be readily identified. For others it is less clear and al­
though it has been discussed thoroughly by the Task Force, it has not always been 
possible to produce meaningful indicators for all sub-themes and areas. In such 
cases, the Task Force has recommended 'best available' and *best needed' indica­
tors, the former corresponding to the best indicators in the current state of avail­
able information and the latter corresponding to the desired indicators which are 
not yet feasible for methodological or data availability reasons. 

4.2 The Number of Indicators 

A large number of indicators are needed to properly assess the multidimensional 
nature of SD. The Task Force recommends building the set of SDI as a three-level 
pyramid. If possible, the different levels should form part of a consistent 'story'. 
For instance, level 1 indicators should be some kind of aggregation of level 2 indi­
cators, while level 2 should constitute a kind of aggregation of level 3 indicators. 
The use of appropriate breakdowns supports this kind of aggregation between the 
pyramid levels. 

At the top of the pyramid, there should be between 10 and 20 headline indica­
tors focusing on the lead objectives of the SDS. These indicators should contain 
the essence of the message on SD and cover the most important issues for SD in 
the EU. It is envisaged that these indicators would be published regularly and 
made available to a wide audience. 

The second level of the pyramid should consist of indicators related to some 
general policy performance and indicators related to the "areas to be addressed". 
They should tend to support the message delivered by headline indicators by giv­
ing information on more detailed policy aspects. The second level should contain 
between 30 and 40 indicators. 

The maximum degree of comparability will be sought for these headline and 
second-level indicators. Standard disaggregations of these indicators into key di­
mensions (e.g. gender, age, branches) will be specified, usually at level three, but 
these breakdowns will not necessarily feature in all publications. 
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The third level should contain most of the indicators linked to and allowing for 
the monitoring of the effectiveness of concrete and specific policy measures, look­
ing in more depth at certain issues. In particular, if the correlation and combina­
tion of dimensions (economic/social/ environmental) is not adequately reflected in 
the headline and second-level indicators, efforts will be made to highlight such 
links in indicators selected at this level. Clearly, no restriction can be set concern­
ing the number of indicators, except for the question of the availability of re­
sources. 

4 3 The Coverage of SDIs 

As already stated, the aim of the whole exercise is to give a statistical basis to 
evaluating the implementation of the EU SDS. Indicators for countries which are 
not directly concerned with the implementation of this strategy are not really ger­
mane. It is thus suggested to limit the calculation of indicators - as far as possible 
- to the European Union in a broad sense, the EU Member States, the Candidate 
Countries and the EFTA countries. 

The geographical coverage should be limited to the national level without de­
veloping indicators at regional (sub-national) level. The spirit of Agenda 21 and 
later of the Johannesburg Summit was to call for SD initiatives at each level - in­
ternational, national or regional. These however were bottom-up approaches 
where local priorities may greatly differ fi-om priorities at national or EU level. In 
the present context, it appears reasonable not to develop indicators at regional 
level. 

Indicators - at least the headline indicators - should be annual, covering as 
many time periods as possible in order to show whether political measures have 
had an impact. They could also include projections to the fixture (e.g. demography, 
pensions) and distances to target (e.g. employment, greenhouse gases), where ap­
propriate. 

5 The Dissemination of SDIs 

The purpose of this exercise is to create a whole system of information on sustain­
able development. This system should allow for a regular updating of indicators to 
be made available to the EU institutions, governments and the general public. 

The headline indicators - and the information on their validity - should be up­
dated as regularly as possible and at least once a year. The use of regular data col­
lection and existing indicators should allow for quasi-automatic update of most 
indicators, with the same rhythm as the updating of the basic data. But if separate 
data collection is needed, indicators in the second and third levels of the pyramid 
would not necessarily be produced on an annual basis. 

A first set of indicators should be available by mid-2004 in order to serve as a 
basis for the evaluation of the current SDS and its revision. Further refinement of 
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the initial list of indicators will be looked for in order to build a final proposal at 
the end of the lifecycle of this Task Force. 

5.1 Metadata 

The Special Data Dissemination Standard (SDDS) developed by the International 
Monetary Fund (IMF) will be the communication tool used for describing meta­
data on SDL 

Already used by the EU Member States, most Candidate countries, Norway and 
Switzerland"*, Eurostat decided to use the SDDS when developing the Structural 
Indicators and Euro-indicators. The choice of this format will allow more easily 
the work on SDI to be integrated with other indicator initiatives and other statisti­
cal domains where this international standard is compulsory. 

The format will be adapted to take into account some additional information 
linked to SDI (relevance for SD, link to political objectives, limits and precautions 
when using the indicator). For information, the SDDS templates are annexed to 
this report. 

5.2 QuaUty Profile 

The quality profile process defined for Structural Indicators (SI) will also be used 
for SDP. The purpose is to attach an overall assessment of the quality to each in­
dicator so as to provide guidance for their interpretation. 

In the SI process, the quality profile (see document in annex 4) will be issued 
by Eurostat in co-operation with the European Statistical System making use of 
existing working structures. It will be implemented by a questionnaire to be sent to 
the National Statistical Institutes drawing - as far as possible - fi*om information 
already available in the various domains, e.g. quality reports. 

Most of the information provided with the SI quality profile is immediately ap­
plicable to the SDI. Therefore the SI quality profile will be adopted, with addi­
tional specifications if needed, for each indicator in common. The quality profile 
process should be gradually introduced for SDI which are not at the same time SI. 

5.3 Data Dissemination 

Eurostat intends to set up a specific SDI web page, which will present available 
information on SDI in the EU as well as links to other relevant websites. Time se­
ries will be disseminated through specific data sets in the New Cronos database. 

5 
See http://dsbb.imf.org/country.htm. 
The concept of quality profile for SI has been accepted by the Statistical Programme 
Committee in its 51'* meeting of November 2003 (document CPS 2003/51/11/EN). 

http://dsbb.imf.org/country.htm
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At the end of the Task Force work, Eurostat intends to produce a specific publica­
tion in order to present the list of EU SDL 

6 The Timetable for the Development of Sustainable 
Development Indicators 

Eurostat will report back to the Statistical Programme Committee, which created 
the Task Force on SDI. A first interim report was made in autumn 2003 and a final 
report is expected on current planning at the end of 2004. This report will describe 
the achievements of the Task Force, in particular in terms of setting-up and dis­
seminating indicators but will also point out the main difficulties and the main 
data or conceptual gaps that remain if the European Statistical System is to cover 
the EU SD policy correctly. 

The Commission plans to evaluate the implementation of the EU SDS in 2004. 
Therefore, a medium-term goal of the Task Force will be to have a first portfolio 
of SDI ready by mid-2004. This exercise will only constitute a first attempt as the 
Task Force has also to concentrate on further developments both in terms of data, 
methodologies and indicators. The final report of the Task Force will give indica­
tions on the continuation of the work after the Task Force is dissolved. 
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Annex 1 
Boundaries Between Interlinked Themes in the SDI Framework 

By their very nature, many of the issues of sustainable development can be seen as 
belonging to more than one theme. To avoid duplication a specific issue or indica­
tor should be allocated to only one theme. This allocation should be based on 
pragmatism and should take into account how the SDS treats these boundary is­
sues. 

The following overview describes how the core boundary questions are dealt 
with in the framework and what have been the main considerations in the alloca­
tion of indicators. The following does not aim to be exhaustive, but rather is in­
tended to facilitate a better understanding of the framework of SDI in general. 

Employment/unemployment touches the themes Economic Development, 
Poverty and Social Exclusion and Ageing Society, but is mainly dealt with in Eco­
nomic Development, as it is a key factor for this theme and touches all age groups. 
However, long-term unemployment is dealt with under Poverty and Social Exclu­
sion, as it is a key factor leading to monetary poverty and social exclusion. 

Poverty touches themes Poverty and Social Exclusion and Ageing Society, but 
is dealt with under the former and broken down by various age groups. Neverthe­
less, the adequacy of pensions and their influence on the financial sustainability 
are dealt in Ageing Society as they are key issues for this theme. 

Health care touches Ageing Society (adequacy and sustainability of health care 
systems), Poverty and Social Exclusion (access to health care systems) as well as 
Public Health. Although this issue is singled out as a priority policy issue oi Age­
ing Society, health care issues have been all integrated into the Public Health 
theme. 

Sectoral contributions to various themes are generally shown as standardised 
sectoral breakdowns of specific indicators. In some important cases, specific sec­
tors or aspects are singled out in some of the sub-themes like Climate Change and 
Energy (energy/ energy consumption and production), Public Health (agriculture/ 
pesticide residues in food products), Production and Consumption Patterns (agri­
culture/ environmentally friendly farming) and Transport (transport growth, fiiel 
use). 

Air emissions: All emissions of greenhouse gases (GHG) from EU and acced­
ing countries are primarily allocated to the theme Climate Change and Energy. 
Reductions in the GHG emissions in the non-Annex I countries and under the 
Clean Development Mechanism of the Kyoto Protocol should be considered under 
the theme Global Partnership. Emissions of particles are treated under Public 
Health and those of acidifying substances and ozone precursors under Production 
and Consumption Patterns. Deposition of acidifying substances and nitrogen af­
fecting the state of vegetation are dealt in the Management of Natural Resources. 
The conceptual inconsistencies between international environmental conventions 
such as UNFCCC (climate change) and UNECE/LRTAP (air emissions), and the 
System of National Accounts require a special approach for the assessment of de­
coupling and eco-efficiency in the framework. 
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Water issues are addressed in Public Health (drinking water quality), Produc­
tion and Consumption Patterns (water use by sectors), Management of Natural 
Resources (water resources and pollution) and possibly in the future also in Global 
Partnership (EU water partnership). 

Land use is dealt with under Management of Natural Resources, but specific 
issues, such as fragmentation of ecosystems, due to transport infrastructure be­
longs more closely to the Transport theme. 

Management of nuclear waste is relevant for themes Climate Change and En­
ergy and for Production and Consumption Patterns, but is allocated to the former 
as the main policy interest is related to the safety of nuclear waste management in 
energy production. 

The impacts of EU consumption on third countries could be addressed under 
Production and Consumption Patterns or in the Global Partnership. Due to cur­
rent methodological difficulties, these issues are addressed now only in relation to 
imports. Access of developing countries to the EU markets and their resource in­
puts to the EU economy are assessed in the Global Partnership. 

Corporate Social Responsibility (CSR) relates both to Production and Con­
sumption Patterns and Good Governance. The CSR addresses governance issues 
from the management point of view and on a voluntary basis, while governance in 
the EU institutions takes place on the basis of strict rules and procedures. There­
fore, the sub-theme CSR is allocated to the theme on Production and Consump­
tion Patterns where it complements the overall assessment and will thus contrib­
ute to the forthcoming global 10 year programme of the Sustainable Production 
and Consumption. 

Good governance issues relate to both internal and external policies. In the 
framework, the internal governance issues are handled under the theme Good 
Governance. The questions of good governance in third countries or the contribu­
tion of the EU to global governance are not taken on board at all. 
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Annex 2 
Theme, Sub-Themes and 'Areas to Be Addressed' 

Themes 

Economic de­
velopment 

Poverty and 
social exclu­
sion 

Sub-Themes 

Investment 

Competitiveness 

Employment 

Monetary pov­
erty 

Access to labour 
market 

Other aspects of 
social exclusion 

Areas to be addressed 

Investment in R&D 
Investment in env. 
friendly technologies 
Consumption and infla­
tion 
Saving and borrowing 
Labour productivity 

Unit labour costs 

Life-long learning 

Employment rate 

Unemployment rate 

Income inequality 
Non-monetary depriva­
tion 

Poverty-in-work 

Access to education 
Access to health care 
Access to housing 

Social participation 

Headline objectives in the EU SD 1 
Strategy, Presidency conclusions of 
European Council (EC), Plan of 
Implementation and the 6**' Envi­
ronmental Action Programme 
(6EAP) 
EC Lisbon2000: An average eco- 1 
nomic growth rate of around 3% a 
realistic prospect for the coming 
years. 
ECCardiffl998: Public Sector budg­
etary deficit to be less than 60% of 
GDP. 
The inflation rate of a given Member 
State must not exceed by more than 
1.5 percentage points that of the 
three best-performing Member States 
in terms of price stability. 
EC Barcelona2002: Increase spend­
ing on R&D and iimovation with the 
aim of approaching 3 % of GDP by 
2010. 
EC Lisbon2000: A substantial annual 
increase in per capita investment in 
human resources._Provide new basic 
skills through lifelong learning of IT 
skills, foreign languages, technologi­
cal culture, entrepreneurship and so­
cial skills. 
Raise the employment rate to 67% by 
January 2005 and to 70% by 2010; 
increase the number of women in 
employment to 57% by January 2005 
and to more than 60% in 2010. 
Increase the average EU employment 
rate among older women and men 
(55-64) to 50% by 2010. 

Make a decisive impact on the eradi­
cation of poverty 

Halve by 2010 the number of 18 to 
24 year-olds with only lower secon­
dary education who are not in further 
education or training. 
EC Lisbon2002: Increased social co­
hesion by 2010. 
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Ageing 
society 

Pensions ade­
quacy 

Demographic 
changes 

Financial sus­
tainability 

Income of elder genera­
tions 

Life expectancy 
Fertility 
Migrations 
Age of withdrawal from 
labour market 
Pension expenditures 

EC Stockhohn2001: Address the 
demographic challenge by raising 
employment rates, reducing public 
debt and adapting socio-protection 
systems, including pension systems 
Ensure the adequacy of pension sys­
tems, while at the same time main­
taining sustainability of public fi­
nances and intergenerational 
solidarity. 

Public health Financial sustainabil­
ity 

Ensure the adequacy of health care 
systems and care of the elderly, 
while at the same time maintaining 
sustainability of public finances and 
inter-generational solidarity 

Human health 
protection and 
life styles 

Disability-free life ex­
pectancy 

Premature mortality 

Life styles 

Health and safety at 
work 

Infectious diseases and 
resistance to antibiot­
ics 

Tackle issues related to outbreaks of 
infectious diseases and resistance to 
antibiotics. 

6EAP: Contributing to a better qual­
ity of life through an integrated ap­
proach concentrating on urban ar­
eas. 

PoI2002: Enhance health education 
with the objective of achieving im­
proved health literacy on a global 
basis by 2010. 

Pesticide residues 

Microbiological con­
tamination 

Food safety and 
quality 

Drinking water quality 

Make food safety and quality the 
objective of all players in the food 
chain. 

6EAP: Reduce the impacts of pesti­
cides on human health and the envi­
ronment and achieve a more sus­
tainable use of pesticides as well as 
a significant overall reduction in 
risks and of the use of pesticides 
consistent with the necessary crop 
production. 

Achieve quality levels of ground 
and surface water that do not give 
rise to significant impacts on and 
risks to human health and the envi­
ronment. 
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Climate 
change and 
energy 

Chemicals 
management 

Health risks due 
to environ­
mental condi­
tions 

Climate change 

Energy 

Chemicals production 
and consumption 

Exposure to chemicals 

Air quality 

Noise exposure 

GHG emission reduc­
tion 

Energy taxes 

Energy efficiency 

Renewable energy re­
sources 

Management of nu­
clear waste 

Air pollution from en­
ergy use 

By 2020, ensure that chemicals are 
only produced and used in ways 
that do not pose significant threats 
to human health and the environ­
ment. 

6EAP: Dangerous chemicals (espe­
cially PBTs) should be substituted 
with the aim of reducing risks to 
man and the environment (ground 
and surface water, air quality). 

PoI2002: in line with SDS & 6EAP 

6EAP: Achieve levels of air quality 
that do not give rise to significant 
negative impacts on and risks to 
human health and the enviromnent. 

Substantially reduce the number of 
people regularly affected by long-
term average levels of noise. 

Meet the Kyoto commitment. How­
ever, Kyoto is but a first step. 
Thereafter, the EU should aim to 
reduce atmospheric greenhouse gas 
emissions by an average of 1 % per 
year over 1990 levels up to 2020. 

ECGothenburg2001: 
Achieve demonstrable progress in 
the reduction of GHG emission by 
2005. 

6EAP: Double the overall share of 
combined heat and power in the 
Community as a whole to 18% of 
the total gross electricity generation. 

EC Brussels2003: (revised SDS ob­
jective) Increase the share of renew­
able energy with a EU-wide indica­
tive target for renewable energy of 
12% of primary energy needs and 
22% of electricity needs by 2010. 
Promotion of 5,75% target for the 
use of biofUels in transport by 2010. 

PoI2002: Remove market distor­
tions, including the restructuring of 
taxes and phasing out of harmful 
subsidies. Establish domestic pro­
grammes of energy efficiency, with 
the support of the international 
community. 
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Production 
and con­
sumption 
patterns 

Eco-
effi-
ciency 

Agricul­
ture 

Corpo­
rate re­
sponsi­
bility 

Con­
sumer 
aware­
ness 

Decoupling economic 
growth and resource 
use 

Decoupling economic 
growth and emissions 

Decoupling economic 
growth and generation 
of wastes 

Pesticides use 

Nitrogen balances 

Environmentally-
friendly farming 

Triple bottom line 

Consumer information 

Break the links between economic growth, 
the use of resources and the generation of 
waste. 

6EAP: Ensure that the consumption of re­
sources and their associated impacts do 
not exceed the carrying capacity of the en­
vironment. 

Achieving a significant overall reduction 
in the volumes of waste and hazardous 
waste generated and in the quantity of 
waste going to disposal while avoiding an 
increase of emissions to air, water and soil. 

PoI2002: Encourage and promote the de­
velopment of a 10-year framework of pro­
grammes to accelerate the shifts towards 
sustainable consumption and production. 
Renew commitments to the sound man­
agement of chemicals and hazardous 
wastes throughout their life-cycle. 

The Common Agricultural Policy should 
contribute to achieving sustainable devel­
opment by encouraging healthy, high qual­
ity products, environmentally sustainable 
production methods, including organic 
production, renewable raw materials and 
the protection of biodiversity. 

EC Lisbon2000: A special appeal to com­
panies' sense of social responsibility re­
garding best practices in lifelong learning, 
work organisation, equal opportunities, 
social inclusion and sustainable develop­
ment. 

PoI2002: Actively promote corporate re­
sponsibility and accountability, including 
through the fixll development and effective 
implementation of intergovernmental 
agreements and measures, international 
initiatives and public-private partnerships, 
and appropriate national regulations. 

PoI2002: Develop and adopt, where ap­
propriate, on a voluntary basis, effective, 
transparent, verifiable, non-misleading and 
non-discriminatory consumer information 
tools to provide information relating to 
sustainable consumption and production, 
including human health and safety aspects. 
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Manage­
ment of 
natural re­
sources 

Transport 

Biodiver­
sity 

Marine 
ecosys­
tems 

Fresh 

water re­
sources 

Land use 

Transport 
growth 

Protection of habitats 
and natural systems 
and biodiversity 

Maintaining the carry­
ing capacity 

Over-fishing 

Water extraction and 
use 

Protection of surface 
and ground water re­
sources 

Land use change 

Soil degradation 

Forests 

Decoupling of eco­
nomic and transport 
growth 

Road to rail, water and 
public transport 

Protect and restore habitats and natural 
systems and halt the loss of biodiversity by 
2010. 

6EAP: Conservation of species and habi­
tats with a special concern of preventing 
habitat fragmentation. 

Ensure that the consumption of resources 
and their associated impacts do not exceed 
the carrying capacity of the environment. 

PoI2002: Achieve by 2010 a significant 
reduction in the current rate of loss of bio­
logical diversity. 

EC Gothenburg2001: The review of the 
Common Fisheries Policies should address 
the overall fishing pressure by adapting 
the EU fishing effort to the level of avail­
able resources, taking into account the so­
cial impact and the need to avoid over­
fishing. 

6EAP: Conservation, appropriate restora­
tion and sustainable use of marine envi­
ronment, coasts and wetlands. 

PoI2002: On an urgent basis, and where 
possible by 2015, maintain or restore de­
pleted fish stocks to levels that can pro­
duce the maximum sustainable yield. 

6EAP: Ensure that the rates of extraction 
from water resources are sustainable over 
the long term. 

PoI2002: Develop integrated water re­
sources management and water-efficiency 
plans by 2005. 

6EAP: Conservation and appropriate res­
toration of areas of significant landscape 
values including cultivated and sensitive 
areas. Promotion of sustainable use of the 
soil, with particular attention to preventing 
erosion, deterioration, contamination and 
desertification. 

PoI2002: Accelerate the implementation 
of the IPF/IFF proposals for action and by 
the Collaborative Partnership on Forests, 
and intensify efforts on reporting to the 
UN Forum of Forests so as to contribute to 
an assessment of progress in 2005. 

Decouple transport growth significantly 
from growth in Gross Domestic Product in 
order to reduce congestion and other nega­
tive side effects of transport. 

6EAP: Substantially reducing the number 
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Good gov­
ernance 

Global 
partner­
ship 

Envi­
ronmen­
tal im­
pact of 
transport 
activities 

Policy 
coher­
ence 

Public 
participa­
tion 

Global­
isation of 
trade 

Financ­
ing for 
SD 

Land use by transport 
systems 

Air pollutants 

Citizen's adherence 
and support to EU ac­
tions 

Sustainability of EU 
actions and measures 

Legislative compli­
ance 

Communication and 
mobilisation 

Market access for least 
developed countries 
(LDC) 

Foreign direct invest­
ments to developing 
countries 

Official Development 
Assistance (ODA) 

of people regularly affected by long-term 1 
average levels of noise. 

Bring about a shift in transport use from 
road to rail, water and public passenger 
transport so that the share of road transport 
in 2010 is no greater than in 1998 (the 
most recent year for which data are avail­
able). 

EC Barcelona2002: Good governance at 
the national level is essential for sustain­
able development and all states should 
strengthen their government institutions, 
by promoting the rule of law, improving 
legal structures and providing access to in­
formation. 

EC GothenhurglOOl("revised in Barce-
lona2002): Ensure that all major internal 
and external policy proposals include a 
sustainability impact assessment. 

Ensure that globalisation contributes to 
sustainable development. 

EC Barcelona2002: Integrate developing 
countries into the world economic system 
notably through the implementation of the 
Doha Development Agenda and ensure 
that trade policies and investment flows 
contribute to sustainable development. 

6EAP: Ensure that trade and environment 
policies and measures are mutually sup­
portive. 

PoI2002: Improve access by developing 
countries to alternatives to ozone-
depleting substances by 2010, and assist 
them in complying with the phase-out 
schedule under the Montreal Protocol. 

Ensure adequate financing to attain the In­
ternational Development Targets and the 
Millennium Development Goals. 

EC Barcelona2002: Reach to UN goal of 
0.7% ODA/GNI: MS lacking behind this 
goal to increase their ODA in the next four 
years within their respective budget alloca­
tion processes, whilst the other MS renew 
their efforts to remain at or above the tar­
get of 0.7% of ODA, so that collectively a 
EU average of 0.39% is reached by 2006 
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Resource 
manage­
ment 

Other official financ­
ing 

Resource consumption 

Air emissions & en­
ergy 

Water 

Waste 

and each MS at least 0.33% ODA/GNI by 
2006 (Monterrey2002). 

EC Barcelona2002: Encourage sustainable 
foreign direct investments (FDI) in devel­
oping countries and export credits consis­
tent with sustainable development. 

Ensure that current trends in the loss of 
environmental resources are effectively 
reversed at national and global levels by 
2015. Develop sectoral and intermediate 
objectives in some key sectors - water, 
land and soil, energy and bio-diversity. 

6EAP: The pursuit of ambitious environ­
mental policies at the international level 
paying particular attention to the carrying 
capacity of the global enviromnent. The 
further promotion of sustainable consump­
tion and production pattems at the intema-
tional level. 
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Annex 3 
SDDS Format 

File 1: Base Page 

Domain: 
Table: Name and code 

Last update: day/month/year (when the text of the metadata file has been up­
dated) 

Contact 
Country (Area) 

Data category 

Contact person 

Organisation 

Phone Number 

Fax Number 

Internet Address 

For instance, "European Union and Euro-zone'', or 
''country x " 

Name of indicator, or group of indicators 

Domain manager 

Source for data and metadata, postal address 

Phone 

Fax 

e-mail address 

The Data: Coverage, Periodicity and Timeliness 

Coverage charac­
teristics 

Periodicity 

Timeliness 

Introductory texts (short presentation of the domain) 
Breakdown available 
Run of data available 

Frequency of the data 

Delay between reference period and transmission to 
Eurostat. Possible delay until dissemination. 

Access by the Public 

Advance dissemi­
nation of release 
calendar 

Simultaneous re­
lease to all inter­
ested parties 

1 

Release calendar (if any, hyperlink) 

Database update 

News release 
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Integrity 

Dissemination of terms and condi­
tions under which official statistics 
are produced, including confidenti-
ality of individual responses 

Identification of internal govern­
ment access to data before release 

Identification of ministerial com­
mentary on the occasion of statisti­
cal releases 

Provision of information about revi­
sion and advance notice of major 
changes in methodology 

Legal basis of the domain 
Regulation on Community statistics 
Regulation on confidentiality 

Access before release (ECB, 
Commission,…) 

Official comments 

Information about data revisions 

Major changes in methodology 

Quality 

Dissemination of documentation on 
methodology and sources used in 
preparing statistics 

Dissemination of information that 
support statistical cross-checks and 
provide assurance of reasonableness 

References to detailed methodol­
ogy (direct link to publication of 
general link to Data Shops) 

Bibliographical references 

Other Eurostat databases and do-
mains containing similar informa-
tion 

Links to other information sources, 
if applicable 

Notes: 
Dissemination Formats 

Hardcopy 

News release: 

Weekly bulletin: 

Monthly bulletin: 

Quarterly bulletin: 

Other: 

Electronic 

( ) On-line country bulletin board or data- Data-
base. shops 

contact 

( ) 

( ) 

( ) 

( ) 

( ) 
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( ) 

( ) 

( ) 

Internet address: 

Diskette: 

CD ROM: 

Other: 

Hyper­
link 

File 2: Summary Methodology 

Indicators: 
Summary Methodology provided by Eurostat in conformity with the Special Data 
Dissemination Standard (SDDS) 
Last update: day/month/year (when the text of the metadata file has been up­
dated) 

Summary Methodology 

1. Analytical framework, concepts, definitions and classifica­
tions 

Organisation of the data 

Statistical concept 

Indicators (official definitions) 

Classification system adopted, conformity with official standards 

2. Scope of the data 

Geographical coverage 

Time coverage 

Sector coverage, including exceptions 

Statistical population 

3. Accounting conventions 

Time of recording 

Reference period (period to which the indicator refers) 

Valuation principles 

Unit of account 
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4. Nature of the basic data 

(Mostly at national level: see IMF prompt points) 

Origin of basic data (collection method, e.g. survey, administrative data) 

Reporting units, methods and techniques 

5. Compilation practices 

At EU and Euro-zone level: 

Aggregation methods (compilation, estimation, reconciliation) 

Treatment of missing values 

Adjustments (seasonal, working-day, unadjusted) 

6. Other aspects 

Limits and precautions when using or interpreting data 

Verification of data (elements for a quality assessment) 
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Annex 4 
Structural Indicators Quality Profile 
Indicator 
Responsible COM DG: Eurostat Unit: 
[European Statistical System Working Group 

Date |.. - . . - 1 

1. Objective and relevance of the indicator*: 
If necessary, comments on restrictions of its relevance: 

2. Data availability 

Target Reference years 
forSR200n 

Ti 

T2 

Member States Candidate Countries US a. Japan EEA-EFTA 

Comments (including information on time series): 

3. Overall accuracy Comments 
High D 
Restricted (sources, errors, meth- • 

odology etc.) 

4. Comparability across countries Comments 
High n 
Restricted EH 

5. Comparability over time Comments 
High n 
Restricted IZl 

6. Contribution to quality of the set/potential 
to qualify for an integrated policy analysis'^ 

Comments/ Assessment: 

7. Other characteristics which may lead to restric- Comments 
tion for using this indicator in the Spring Report: 

8. Overall assessment 
D A A D A D B D C D indicator to be 

developed 

9. Development perspective for improving 
quality of this indicator (including as far as 
possible an indication of burden on Member 
States and respondents). 

' Not part of the quality rating. 



A Framework for Indicators to Monitor the EU Sustainable Development Strategy 49 

Description of Quality Grades 

Grade 

Grade 
''A' 

Grade 

Grade 

Indicator 
to be de­
veloped 

An "AA" is given if the indicator fulfils the requirements listed for 
the "A" grading and in addition (1) time series are available (starting 
fi-om 1991 for the Member States and 1995 for the Candidate Coun­
tries) and (2) data for at least reference year t-2 (real data for a major­
ity of countries) is available in time for the Spring Report. 
An indicators is graded "A" if data is available on time for the Spring 
Report of the year t for Member States, at least acceding countries, 
US and Japan. Data cover the years 2000 until at least the reference 
year t-2 (including estimates). The underlying data is collected on the 
basis of a common methodology for the European Union with the 
Candidate Countries following the same approach. Data for US and 
Japan can be considered comparable with any major differences be­
ing assessed and documented. Data are comparable over time; impact 
of procedural or conceptual changes being documented. Data is col­
lected fi-om reliable sources applying high standards with regard to 
methodology/accuracy and is well documented in line with Eurostat 
metadata standard. 
An indicator is graded "B" if data is available on time for the Spring 
Report of the year t for most Member States and at least most of the 
acceding countries. Data cover the years 2000 until at least the refer­
ence year t-3. There are some serious shortcomings with regard to ei­
ther comparability between Member States/Candidate Countries/US 
and Japan (including the lack of data) or break in series for several 
countries which seriously hamper comparison over time. Deficiencies 
with regard to assessing and documenting impact of these shortcom­
ings might be identified. Data is collected from reliable sources ap­
plying high standards with regard to methodology/accuracy and is 
well documented in line with Eurostat metadata standard. 
An indicator is graded "C" if data coverage on time for the Spring 
Report of the year t has some severe deficiencies as regards country 
coverage and/or timeliness. There might be either some serious 
shortcomings with regard to comparability between Member 
States/Candidate Countries/US and Japan (including the lack of data) 
or break in series for several countries which seriously hamper com­
parison over time. Data might have to be interpreted with care as 
methodology/accuracy does not meet high quality standards. 
This indicator is not ready to be used for the Spring Report. Data 
availability in time for enough countries and/or with a sufficiently 
high timeliness seems to be unlikely. There might be either some se­
rious shortcomings with regard to comparability between Member 
States/Candidate Countries/US and Japan (including lack of data) 
and/or break in series for several countries which seriously hamper 
comparison over time. Data might have to be interpreted with care as 
methodology/accuracy does not meet highest quality standards. 
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Abstract. Any serious attempt to research impacts of corporate sustainability per­
formance on corporate financial performance has to follow a consistent and thor­
ough research agenda. The research agenda is described in this article. The de­
scription may serve as blueprint for any research effort in the SRSI area that is 
geared towards creating value added, and not just towards serving value sets. 

If corporate sustainability orientation and performance can be shown to impact 
corporate financial performance, a gradual and persistent integration of SRSI re­
search into mainstream investment analysis could evolve. But without any sound 
evidence, if not proof, that there is indeed a link between corporate sustainability 
performance and corporate financial performance SRSI research will not be able 
to serve the investment industry at large. The research and investment approach 
described in the article lists and addresses a set of recommendations for SRSI re­
search on how to serve the investment industry at large. 

1 Introduction 

Research on corporate ethical, ecological, socially responsible or sustainability 
orientation and performance is still conducted by only a small subset of the in­
vestment analyst community. Developed to service a very specific niche this small 
subset of analysts has become highly specialised in its area, because it is driven by 
the value sets of its analysts or its clients: 'ethical', 'ecological' or 'socially re­
sponsible' investors. Unfortunately, this specialisation has hindered general accep-

mailto:tliilo@sam-group.com
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tance of SRSF research and investment and has limited its chances of becoming a 
true market force in the financial markets. 

A recent study conducted by the SRSI consultancy firms SustainAbility and 
onValues, fiinded by the Swedish Foundation for Strategic Environmental Re­
search (MISTRA) lists opportunities and challenges for SRSI research (Beloe et 
al., 2004). Opportunities arise because, first, perceived erosion in the quality of 
mainstream analysis and perceived lack of independence of mainstream analysts 
may create a market for independent and focused research. Secondly, if corporate 
sustainability orientation and performance can be shown to impact corporate fi­
nancial performance, a gradual and persistent integration of SRSI research into 
mainstream investment analysis could evolve. 

Challenges surpass opportunities, however. Ongoing price erosion reduces 
margins for any investment research activities. New competitors are emerging, 
contributing to price erosion. And without any sound evidence, if not proof, that 
there is indeed a link between corporate sustainability performance and corporate 
financial performance SRSI research will not be able to serve the investment in­
dustry at large. If no link can be substantiated, the general investment market will 
always be impenetrable for SRSI research. To that matter at least SRSI research is 
confi-onted with demand for more thorough and scientific analysis and thus more 
substantial contributions. 

Recommendations for SRSI research organisations mentioned in the MISTRA 
study include 
1. to ensure that any research focuses on issues material to corporate financial per­

formance 
2. to quantify impacts of corporate sustainability performance on corporate finan­

cial performance 
3. to integrate more financial and strategic intelligence in the research process. 

The research and investment approach described in the following chapters is 
addressing all these recommendations. Chapter 2 gives the definition of corporate 
sustainability used by this approach and argues that it is capable of linking corpo­
rate sustainability performance with corporate financial performance. The reason­
ing and the transmission links are described. Chapter 3 describes how such de­
fined corporate sustainability performance can be measured. Chapter 4 describes 
possible ways of quantifying the hypothesised links between corporate sustainabil­
ity performance and corporate financial performance and highlights one particu­
larly promising approach. The research agenda is set. Chapter 5 summarises this 
research agenda and gives an outlook on what needs to be done to make SRSI re­
search a formidable competitor in the field of investment management and re­
search. 

I use the acronym SRSI ('Socially Responsible and Sustainability Investing') to de­
note the entire range of ethical, ecological, socially responsible, and sustainability re­
search and investment approaches. 
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2 Corporate Sustainability 

2.1 Definition 

SAM Sustainable Asset Management has adopted a definition of corporate sus­
tainability that is apt to benefit fi*om the trends and challenges the SRSI invest­
ment community has to face. It is positioned to serve not only the value set ori­
ented investors typically targeted by traditional SRSI research, but mainstream 
investors whose utility function comprises first of all of the parameters 'risk' and 
'return'. Corporate sustainability is defined as 'a business approach to create long-
term shareholder value by embracing opportunities and managing risks deriving 
fi-om economic, environmental and social developments'.^ Sustainability research 
such defined is geared towards identifying those companies that will seize the op­
portunities and manage the risks better than their peers and thus create more 
shareholder value than their peers. 

This definition hypothesises a direct link between corporate sustainability and 
shareholder value. It postulates that there is a value added aspect to sustainability 
that goes beyond servicing individual investors' value sets. It postulates that sus­
tainability is a viable business approach for companies because it enhances their 
competitive position. It also postulates that sustainable companies are an attractive 
investment because they offer superior returns in the form of more sustainable 
shareholder value creation. 

2.2 Reasoning 

The reasoning behind the hypothesis is this: Seizing opportunities before others 
seize them should lead to higher return on invested capital (ROIC), because more 
profitable investments are made. It should also lead to a higher reinvestment rate 
(RIR), because more profitable investments are detected, and thus to an increase in 
free cash flow to the firm (FCFF).^ Managing risk better than one's peers leads ei­
ther to lower costs of production, if concerning company specific risks, or to lower 
risk premiums for financing, if concerning common factor risks. The first will in­
crease FCFF, while the latter will decreases financing costs, defined as weighted 
average costs of capital (WACC). Since shareholder value is but a function of free 
cash flow to the firm and weighted average costs of capital, shareholder value is 
increased."^ 

^ See SAM's website at www.sam-group.com. 
^ Of course, higher reinvestment rates increase shareholder value only if they are prof­

itable over and above the weighted average costs of capital. 
"̂  This reasoning is independent of the valuation model used. Its only assumption is that 

the time value of money assumption holds. Stating the hypothesis in terms of a free 
cash flow to the firm model has the advantage of stressing that there is a beneficial 
impact of sustainability orientation on the bond risk premium and the risk-return ratio 

http://www.sam-group.com
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This kind of reasoning is unique to sustainability investing, because it stresses 
the competitive environment in which companies operate. Seizing investment op­
portunities before industry peers do, managing operational risk better than indus­
try peers, and using scarce resources more efficiently are all about competitive ad­
vantage. It acknowledges that any competitive advantage is constantly at risk in a 
market driven economy. The reasoning does not have to rely on changes in the 
regulatory framework to create competitive pressure. 

This perspective on sustainability has not been generally adopted yet. Coming 
from a different and quite diverse background, the SRSI community has no single 
view on the role companies are or should be playing for society. Creating share­
holder value is not generally accepted as a primary goal. Market economies are 
not always believed to be the most efficient means of combining resources to sat­
isfy a society's needs, despite all their well documented and analysed shortcom­
ings. So SRSI approaches do not always focus on shareholder value, and if they 
do, links are either made indirectly via imminent changes in social utility func­
tions, or are left unexplained altogether. 

Changing utility functions are believed to result from increasing 'consumer 
awareness' or 'investor awareness' and are the prime focus of many non­
governmental organisations. This requires, however, that utility functions do in­
deed change or can be made to change over time, while yet remaining uniform 
enough across market participants to have an impact on prices. A company's pre­
paredness to internalise negative external effects before being forced to do so then 
determines the degree of SRSI performance. Forced intemalisation is assumed to 
happen either via increasing stakeholder pressure or by changes in the legal 
framework. 

Unfortunately, preparing a company for forced intemalisation is usually costly 
until the intemalisation is being imposed. Cost increases reduce FCFF. A positive 
link to shareholder value can thus only be made via risk premiums and financing 
costs. If investors think that a prepared company is a less risky investment than an 
unprepared company, they may demand a lower risk premium for investing in the 
company's equity or bonds, which reduces financing costs. The 'being prepared' 
argument thus needs to assume that the market participants that share a common 
belief of what is 'good' and what is 'bad' are numerous enough to either increase 
revenues above extra costs or to decrease financing costs to compensate for the 
extra costs. 

This kind of reasoning is both cumbersome and based on assumptions not 
unanimously accepted. Investor and consumer utility fiinctions may or may not be 
flexible to this degree. In addition, it ignores the competitive environment compa­
nies operate in and the fact that challenges can be met in many different ways. The 
argument thus usually resorts to changes in legislature, turning awareness groups 
into lobbying organisations. Of course, being prepared for possible fixture changes 
in legislature can be a competitive advantage to companies, but it may not be the 
prime source. 

of the company's bonds, too. Corporate sustainability is of interest not only to the eq­
uity investor, but also to the bond investor. 
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Indirect links to shareholder value are also used by SRSI approaches labelled 
'sign of skilful management', 'result of prosperity', 'catalyst for change', or 'sig­
nalling' (Kurtz and DiBartolomeo, 1996). Proponents of the 'sign of skilful man-
agement'-argument see a possibility that socially responsible behaviour is an indi­
cator of better management. This link lacks a definition of 'better', though. The 
respects in which SRSI oriented management is 'better' than non-SRSI oriented 
management need to be defined. Proponents of the 'result of prosperity'-argument 
see SRSI orientation as a by-product of financial success. Successfiil businesses 
have more of a reputation to lose, so they try harder to protect their good names. 
This argument misses the point, though. If companies implement SRSI orientation 
after having become successful, SRSI has apparently played no role in the compa­
nies' success and may not play any in the future. The 'catalyst for change' propo­
nents argue that SRSI programs can stimulate operating efficiencies by increasing 
the need to innovate and increase capital turnover. A positive impact is far fi-om 
certain, however, because being forced to adapt is usually costly. Lastly, SRSI be­
haviour may give a 'signal' towards management's expectations regarding profit­
ability. But again, this argument misses the point. No explanation is given as to 
why SRSI orientation would increase profitability. 

In contrast, positioning sustainability as a way to increase shareholder value by 
seizing opportunities and by managing risks presented by change is not burdened 
by indirect and uncertain causalities. It claims that this business approach in­
creases profitability and thus stresses the value added for companies. No assump­
tions on consumers', suppliers' or investors' value sets are needed. It claims that 
sustainability investing is an attractive investment approach. No addition to the 
general two parameter utility function is needed. Value added assures that sustain­
ability research is a viable business beyond serving a small group of individuals. 
All in all, this definition of sustainability requires few additional assumptions to 
underline its validity and is not at odds with economic theory. 

Unfortunately, defining and positioning sustainability in this manner has disad­
vantages, too. It requires a much higher research effort than simply screening 
along negative criteria. Approaches based on value sets simply require a screen 
that filters out any company not in compliance with a pre-defined value set. This 
is easily done once a value set has been defined. The data for this kind of screen is 
easily collected. No weighting scheme is necessary, and no reconciliation with any 
economic or financial market theory is needed either, since no link to any value 
added need be claimed. Sustainability research, in contrast, being based on the 
value added impact of a companies' approach to ecological, societal and economic 
trends and developments, requires detailed analysis of all companies' strategic po­
sitioning within their industry versus the trends and challenges specific to their in­
dustry, and their means to seize the opportunities and to manage the risks that 
arise fi-om these trends and challenges. 

This value added approach has no a priori reason for excluding entire industries 
or sectors. Investing according to ethical and ecological criteria will identify entire 
sectors that do not or cannot comply with the given value set. They drop fi'om the 
radar screen altogether and are being treated as if they had no part in society's 
overall creation of well being. They are, in fact, asked to 'go away'. Sustainability 
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investing, in contrast, has to look for extra value added in every sector and indus­
try, promoting in the end a best-in-class approach. In each industry the sustainabil-
ity leaders need to be identified, i.e. the companies that seize the opportunities and 
manage the risks better then their peers and thus create a monopoly niche for 
themselves in a potentially competitive market. This requires an understanding of 
how an industry operates and what management practices and processes can be 
considered best practice. 

The knowledge needed to conduct sustainability research and sustainability in­
vesting is necessarily much deeper than simply knowing what product and ser­
vices an industry produces and whether the goods and services are *good' or 'bad'. 
To nobody's surprise the value added that sustainability investing promises thus 
comes at a cost, the cost of collecting and interpreting the right kind of informa­
tion and turning it into valuable knowledge. It starts with identifying trends and 
challenges for companies in all industries that are likely to change their competi­
tive environment in the fiiture. It then needs to identify criteria and indicators for 
the companies' preparedness and ability to seize the opportunities and manage the 
risks the trends and challenges pose. It forther needs to be able to identify the 
transmission links from these criteria to the factors of shareholder value, free cash 
flow and weighted average cost of capital. It needs to be able to measure and 
quantify both the criteria and their impact on shareholder value. Finally, it has to 
be able to draw the right conclusions from any quantitative results, both from the 
viewpoint of a company and from the viewpoint of an investor. It is the latter con­
clusion that is often treated without due respect. 

3 Measuring Corporate Sustainability 

3.1 Macro Trends and Industry Challenges 

In a market economy the competitive position held by a market participant deter­
mines his or her share of overall value added. Macro trends may change this 
framework as well as change the intensity with which competitors challenge the 
market participant's position. Sustainable companies embrace such changes by 
seizing the opportunities and by managing the risks that any developments impose 
on each industry. The first step of sustainability research is thus to identify all 
shareholder value relevant macro trends and all challenges presented to any indus­
try. Not all of the trends are economic in nature. They stem from different sources; 
some change the competitive pressure in a given framework, some change the 
framework itself Companies that invest time and resources to analyse these trends 
and the challenges presented to their industry are in the position to benefit from 
them. They are positioned to make their business model more sustainable and to 
increase shareholder value. Companies ignoring the trends are not. 

Some of the trends worth looking at are listed below, together with a short 
summary of some of their implications. 
- Demographics 
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- Changes in consumption and savings patterns lead to an increase in invest­
ments and potential growth of income, thus changing the risk-return ratios 
that can be earned. 

- Globalisation and market liberalisation 
- Falling costs of information and transportation services increase competition 

in product markets and make market flexibility a competitive advantage. 
- Environmental change 

- Global climate change, whether man-made or not, imposes market and legis­
lative pressure on carbon-intense industries and suppliers of fuels, a chal­
lenge intensified by the demographic developments in emerging economies. 

- Water scarcity increases in sensitive areas globally, partly due to demo­
graphic developments. 

- Mistrust in production along the food chain 
- Agriculture is the basis of many developing economies but threatens the 

ecosystems upon which it depends. 
- Human capital management 

- Human capital is a key resource in an information based society where inno­
vation drives competition. 

- Reputation and brand management 
- Preserving a monopoly niche requires management of intangible assets, in­

cluding the reputation resting on adequate alignment of interests and of 
checks and balances regarding management and shareholders. 

Challenges deriving fi'om these trends can differ fi"om industry to industry, af­
fect more than one industry, or affect all industries alike. For Example, reputation, 
brand management and the corporate governance model adopted affect companies 
in all industries very much alike. Climate change, on the other hand, may affect 
some industries more than others. Translating macro trends into general, cross-
industry and industry-specific challenges, and identifying the opportunities and 
risks associated with them is the logical next step in assessing a company's sus­
tainability. 

Examples for challenges affecting all industries include the need for a workable 
solution to the principal-agent problem, i.e. the incentives and checks and balances 
needed to align management's interest with shareholder's interest, and the need to 
find a way to manage human capital effectively and efficiently. Best practices in 
these areas are very similar across all industries. 

Industry specific challenges depend on the industry's characteristics. The chal­
lenges will differ by such characteristics as the degree of regulation, supply and 
demand structures, and barriers to entry. For Example, challenges for the oil & gas 
industry are closely related to a general perception of energy resource scarcity and 
green house gas emissions. Innovations have to be developed for the time when oil 
and gas resources cease to meet rising demand. New technologies need to be de­
ployed to get the most out of existing reserves. Emerging economies need to bal­
ance rapid growth and energy needs with rising import dependence and environ­
mental effects. Growing wealth will lead to increased combustion of fossil fixels 
and thus GHG emissions, warranting innovations into renewable energy sources 
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and cleaner fuels. Many companies in the oil & gas industry operate globally, re­
quiring strong global business principles and high codes of conduct and labour 
standards, while addressing local constraints. In addition, the industry must oper­
ate under a certain standard of occupational health and safety. 

3.2 Criteria and Indicators 

Assessing a company's sustainability orientation requires measuring its position­
ing and degree of preparedness and its ability to seize the opportunities and man­
age the risks that stem from the challenges. The degree of preparedness and the 
company's ability can be assessed by evaluating the means implemented by and 
available to the company and its management. 'Criteria' thus cover aspects of a 
company's quality of management, process design, and its competence. Compe­
tence covers the company's endowment with assets (tangible, intangible and hu­
man), their combination and the flexibility of their combination. Table 1 below 
list some of the general, i.e. valid for all industries, criteria used by SAM. The cri­
teria are classified as belonging to one of the three dimensions 'economic', 'envi­
ronmental', and 'societal' and are labelled as relating to either seizing opportuni­
ties or to managing risks, or both.^ 

Criteria are still not measurable directly; they are still qualitative in nature. In­
dicators need to be defined that can serve as proxies for the performance of a 
company in each of the criteria. For Example, the quality of a company's corpo­
rate governance, one of the economic criteria for corporate sustainability, can be 
measured by indicators like the number of independent board members, the diver­
sity of the board, independence of the remuneration committee, independence of 
the auditing committee, and the roles assumed by the chairman of the board and 
the CEO. 

Indicators must fiilfil common requirements for data for statistical analysis. 
Each indicator may consist of one or more data points. The data needed to quan­
tify each indicator must fulfil standard requirements for statistical analysis. In par­
ticular, they must be observable and measurable. In the area of sustainability re­
search, neither can be taken for granted. 

Most indicators for corporate sustainability are not subject to any reporting re­
quirements. Companies maintain different interpretations of what is worth pub­
lishing and how to publish it. To fill the voids, data has to be gathered from many 
different sources other than company documents, like third party surveys and 
analyses, governmental agencies' and non-governmental organisations' publica­
tions, publications of supra-national organisations and various media reports. 
None of them are likely to cover the entire universe of companies. This is also the 
case for company interviews, either oral or in writing based on questionnaires. The 

The relatively low number of environmental criteria on this general level, i.e. the 
level covering all industries, indicates that environmental issues vary across industries 
more than economic or societal issues. 
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response rate is typically too low to ensure data availability across the entire uni­
verse. 

Table 1. Corporate sustainability criteria for all industries (excerpt) 

Dimension Criteria To seize opportunity or 
to manage risk 
Manage risks 
Manage risks 
Seize opportunities 
Manage risks 
Manage risks 
Seize opportunities 
Seize opportunities 
Seize opportunities 
Manage risks 
Both 
Seize opportunities 
Both 
Manage risks 
Seize opportunities 
Seize opportunities 
Manage risks 
Seize opportunities 

Seize opportunities 

Economic Codes of Conduct/Compliance 
Corporate Governance 
Customer Relationship Management 
Investor Relations 
Risk & Crisis Management 
Scorecards/Measurement Systems 
Strategic Planning 
Supply Chain Management 

environmental Environmental Management 
Environmental Performance 

societal Employee Satisfaction 
External Stakeholder Relations 
Labour Practices Indicators 
Management Attention to Human Resources 
Organisational Learning 
Public Reporting 
Remuneration, Benefits, Flexible Work 
Schemes 
XVorkforce Capabn̂ ^̂ ^ 

Source: SAM Sustainable Asset Management 

Measurability is another issue. Financial data is at least directly measurable, 
even if their quality as indicators of a company's profitability and liquidity may at 
times be questionable. Many sustainability indicators are not directly measurable. 
Strategic planning, for instance, needs to be assessed using indicators that are not 
directly measurable. Indicators employing only indirectly measurable data leave 
room for interpretation both on the transmitting and on the receiving end. They are 
thus less suitable for objective assessments of corporate sustainability perform­
ance. In addition, even directly measurable data cannot be expected to adhere to a 
single standard of measurement across the many different data sources. Such stan­
dards do not exist. Even financial data, although already fairly standardised for 
globally operating companies, still entertain a large degree of regional differences 
in definitions, caused by differences in objectives and structures of local legisla­
ture. 

3.3 Scoring 

Quantification of all indicators, whether relating to directly measurable data or 
not, is necessary in order to be able to make comparisons across companies. Hav­
ing been defined as a business approach for companies to create more shareholder 
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value than their peers, sustainability requires that results be comparable across 
companies. 

Of course, comparisons can only be made across companies with similar chal­
lenges and similar requirements for meeting them. Results are thus comparable 
only within an industry. Conducting corporate sustainability research and invest­
ing as a best-in-class approach is the logical consequence. In each industry the 
leaders with regards to corporate sustainability are identified and expected to lead 
the industry in generating shareholder value by seizing opportunities and manag­
ing risks that industry challenges present. The best-in-class approach has the ad­
vantage of encouraging companies to take up the challenges presented to them. It 
may be described as positive screening, while negative screening holds no incen­
tives for companies other than to disappear. 

For comparing results ordinal scales suffice. Interpretation of the magnitude of 
diflferences in scores across companies is not necessary. Still, ordinal scales re­
quire a certain degree of data quality and a scoring and weighting system that al­
lows meaningful aggregation of data and scores. On any level of aggregation the 
scores need to reflect the relative importance of the criteria and indicators in the 
companies' quest to generate more shareholder value than their peers. Defining a 
weighting scheme that fiilfils this need at any level of aggregation is a magnificent 
task. Empirical analysis is not always of help, since corporate sustainability re­
search needs to identify not only criteria that have led to an increase in shareholder 
value in the past, but also to identify criteria that will impact shareholder value in 
the future. Sustainability analysis is for the most part forward looking. The chal­
lenges, criteria, scores and weights are thus also based on the analysts' insights 
into the future of an industry. Weighting indicator or criteria scores according to 
past impacts on shareholder value may be seriously misleading. 

Aggregation needs differ, of course, depending on usage. Ranking of compa­
nies within an industry requires a weighting scheme for total scores across all cri­
teria and dimensions. Lower levels of aggregation require a less elaborate weight­
ing scheme. Weights to aggregate single data points into indicator scores and 
indicator scores into criteria scores require very few thoughts on weighting 
schemes. 

4 Measuring the Impact on Corporate Financial Performance 

4.1 Transmission Mechanisms 

Corporate sustainability as defined by SAM hypothesises a link between corporate 
sustainability performance and corporate financial performance and thus share­
holder value. Macro trends and industry challenges set the fi'ame, while criteria 
and indicators identify and quantify the companies' preparedness and ability to 
benefit fi*om these trends and challenges. 

Simply hypothesising a link between corporate sustainability performance and 
corporate financial performance via fi-ee cash flow and weighted average cost of 



Measuring Sustainability Performance and Its Impact on Financial Performance 61 

i S <i> 
1 g- > si 1 • -Q 
1 '• o 

^ ■■■■■■^ 

o 

> CO 
C <D 
•- > 

• -Q 
: O 

t 

s^ 
0 

"o 2 
CD CO 
^ > CO 

! x: (/) 

^ 
p 

CO 
c 
3 
0 
o 
(/) 0 > 
c 

T J CD 
C D ) 
0 — 
.> 'Q. "O CO 
^^ o 

+ 

c i S 
o c: • ^ 0 
CO C 
3 O 

Se :8 
i L 

CD 
3 
o j ■ 

"TO 
o : 
§ £ 
C 0 
«= > • L -

: -o 

t 

C/) 

s 2 
X 
iS 

0 

c 
0 
(0 

> 
"2 

^ c 

CD 

> 
« ^ ^ 0 

^ **= •— 

i k 

- ^ 0 
r= O 
-Q £ OJ CD 

c E 
- 2 p 
w t 3 0 

CO Q. 

CI 

o 

1 
"o 
E 

CI o 

1 
c 

CI 
0 

1 

0 ) 

■2 
(0 

CO 

2 

CO 

CO 

lo 
c 

•-
0 
O 

1 o> — 
CI 

•-
CO 

o 
Q. 

"c 1 
(D 
D ) 
(0 

(0 
E 
c 

1 ^ 
-
(0 
c^ 
CO o 
0) 
CJ 

CO — 
"cD 

-
"co 

1 ̂  
c: 
CO 

o 

C C3) 
O CO 

8 l 

\ -a jz I 

II [llj 
CO ^ 

0) E 

CO 

i 
o 

"TO 

Q L 

8 

IS 
o E 

CO ro 

C 

o 
QL 
O 
O 

D 
CI. 



62 T. Goodall 

capital is neither thorough nor scientific, of course. Hypothesising transmission 
mechanisms adds detail and thoroughness. 

The transmission mechanisms are quite simply formulated by breaking down 
the two determinants of shareholder value, free cash flow to the firm and weighted 
average cost of capital, into their components.^ Free cash flow to the firm is a 
function of revenue, costs, taxes and reinvestment rates. Weighted average costs 
of capital are a ftinction of short term interest rates and the company's risk premi­
ums on equity, bonds, and cash.^ Corporate sustainability performance needs to 
impact shareholder value via at least one of these components. 

Each sustainability indicator or criteria must thus be linked to at least one of the 
components. Corporate governance. For Example, may be linked to the risk pre­
miums a company has to pay on equity or debt. Best practices in corporate gov­
ernance can be assumed to reduce the level of misalignment between shareholder 
interests and interests of management, thus reducing the risk of misappropriation 
of fiinds. Best practices in occupational health and safety may be assumed to re­
duce costs by reducing staff turnover, insurance premiums and perhaps litigation 
claims. Best practices in human capital management may be linked to revenues, 
cost efficiency, and reinvestment rates due to increasing the level of innovation. 
These examples may suffice to show that management decisions regarding corpo­
rate sustainability may be assumed to impact shareholder value via its compo­
nents. 

Fig. 1 depicts the transmission mechanisms. Management decisions regarding 
sustainability criteria are assumed to impact value drivers like the company's effi­
ciency, the motivation of its workforce, its innovative potential, its reputation with 
stakeholders, and the company's exposure to a variety of risk factors, both internal 
and external. The assumed positive influence should sooner or later be measurable 
in the company's financials, which are identical to the components of shareholder 
value. Finally, if shareholder value is affected positively, so are the returns inves­
tors will reap from an investment in a sustainable company, be it via equity or via 
debt. 

4.2 Categories of Existing Studies 

Thorough and scientific research requires at least three steps. First, a hypothesis 
needs to be built. This has been done here in chapters 2 and 3. Second, the hy­
pothesis must be cast into a form that makes it falsifiable. Third, the hypothesis 
has to be tested against empirical observation. 

A rigorous way of casting a hypothesis into a falsifiable form is to build a 
mathematical model. The above hypothesis that the sustainability orientation of a 
company has an impact on its shareholder value would formally be given as a 

^ I use generic terms here, rather than specific accounting terms. Both the accounting 
occupation and the occupation of financial analysts deal with an abundance of defini­
tions for the generic terms. There is no need to add more detail here, however. 

^ In this definition risk premiums are measured against risk free cash rates. 
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mathematical function where shareholder value is a function of commonly used 
ordinary variables (like assets) and sustainability indicators or criteria. If the 
transmission links are modelled instead, the financial components of shareholder 
value (like sale, costs, taxes, etc.) are modelled as a mathematical function of 
commonly used ordinary variables and sustainability variables. In mathematical 
form 

y,. =f(b„,;c.J (1) 
where yj,k stands either for shareholder value or for the j * shareholder value com­
ponent of company k, where bin,k stands for a vector of m ordinary variables af­
fecting yĵ k and where Cn,k stands for a vector of n sustainability variables affecting 
yj,k. 

Empirical testing of such models comes in several forms. Commonly used are 
case studies, correlation analyses, surveys, simulations, and econometric multi-
factor models. All of these methods can be and have been applied to either share­
holder value or its components. Shareholder value is more often used than its 
components, however. Some of methods take recourse to portfolios of companies 
or their securities while others have been and can only be applied to single com­
panies. 

Case studies, or event studies, analyse the impact of singular events on the 
shareholder value of companies stricken by that event.^ Unfortunately, event stud­
ies are of limited use because of heavily biased sampling and because rigorous at­
tribution and quantification of the impact is impossible.^ 

Correlation analyses probably enjoy widest use in this field of research. Nu­
merous studies try to find and report correlations of one SRSI indicator with some 
variable linked to corporate financial performance.^^ Correlation studies are prob­
lematic in as much as they have to rely on a single explanatory variable, may fall 
prey to spurious correlation, and cannot detect or distinguish causal relations. 

Surveys try to quantify links between SRSI orientation and corporate financial 
performance by asking investment markets participants 'how much more' they 
would be willing to pay for a company that fulfils certain indicators of sustainabil­
ity performance.^^ They are thus limited in the number of indicators that can be 
used simultaneously. They are also burdened with a distinct lack of comparability 
across criteria and are furthermore highly subjective and time dependent. 

Simulations can be used to quantify impacts of changes in the legal and eco­
nomic fi-amework a company operates in. The impact of any such change on com­
panies' profitability can be translated into what it is worth to be prepared for the 
change, which can then be judged against the costs of getting prepared. ̂ ^ Com­
parison across several firms can give a general picture of the costs and benefits in-

^ E.g., Jones and Rubin (1999), Karpoff and Lott (1993), or Dowdell et al. (1992). 
^ See McWilliams and Siegel (1999) for an analysis of event studies. 
^̂  For an overview and a meta-analysis of correlation studies see Orlitzky et al. (2003). 
1 ̂  E.g., Coombes and Watson (2000). 
12 E.g., Austin et al. (2004). 
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volved. Unfortunately, simulations are not empirical observations and are thus not 
positioned to validate^^ or falsify any hypotheses. 

The most stringent way is to test the hypothesis simultaneously for impacts of 
all variables, of course. This is the task of multi-factor econometric models. ̂ "̂  The 
data set would ideally comprise cross-company sustainability data and financial 
data over several points in time. A panel regression, or pooled data regression, 
would allow quantification of the impacts of several sustainability indicators on 
any selected exogenous variable. ̂ ^ In mathematical form, a possible version of 
such a model looks like this 

y . = A j . a . + B j . P j + C j . y j . s . (2) 

The vector yj consists of the chosen exogenous variable for every company k in 
every period t. The matrix Aj holds dummy variables. The vector oCj holds the con­
stants which vary across j and across k. The matrix Bj holds commonly used vari­
ables not linked to sustainability. The matrix Cj holds sustainability criteria linked 
to the exogenous variable yj. The vector Sj holds residuals. ̂ ^ 

Unfortunately, the data requirements are enormous. Only if data on corporate 
sustainability performance and on corporate financial performance or stock price 
performance is available over several periods is a panel regression feasible. Finan­
cial data is usually available, but data on sustainability performance needs to be 
collected as described above. In addition, financial data needs to be adjusted for 
differences in accounting rules and reporting requirements across regions. To 
comply with the best-in-class approach the data needs to be specified as deviations 
fi-om industry averages, meaning that unbiased estimates have to be found for in­
dustry averages for all variables in vector yj and matrices Bj and Cj. 

4.3 Interpretation of Results 

When interpreting any results derived fi-om empirical testing of the above hy­
pothesis, it must be remembered that sustainability is much about future trends 
and challenges and thus forward looking. It observes which companies are posi­
tioned to benefit fi-om trends and challenges posed to their industry. Empirical 
findings can only relate to the past. Positive empirical findings would indicate that 

I should perhaps mention that I use the term 'to validate' in the sense of 'not yet falsi­
fied': I subscribe to Karl Popper's reasoning regarding 'proving' hypotheses. 
See, e.g., Konar and Cohen (1997), Russo and Fouts (1997), Butz und Plattner 
(1999), King and Lenox (2001), or Ziegler et al. (2002). 
The data need to be consistent, of course. If level data on sustainability indicators are 
used, the data on corporate financial performance needs to be given as levels, too. 
Regressing corporate sustainability data on stock price returns, a much used proxy on 
shareholder value generation, is inconsistent. For explaining level change data, like 
stock price returns, level changes in sustainability performance must be used. 
This is perhaps the simplest pooled data model. For an overview of models and their 
interpretation and underlying assumptions see Judge et al. (1985). 
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the companies analysed were prepared with regards to a specific issue that has al­
ready become a challenge in the past or is a challenge today. Whether or not they 
are prepared for the future is another matter. Future impacts can only be quantified 
either by simulations or by assuming that past impacts can be expected to have an 
impact also in the future. However, this hypothesis, the hypothesis that leadership 
in any one sustainability aspect leads to repeated impacts on shareholder value, 
may be far fetched. The value of sustainability performance may even diminish 
over time, if the challenge is taken up by the entire industry or if the challenge 
changes. 

This is especially important with respect to claiming any future excess security 
returns. If corporate sustainability indicators are regressed on security returns, a 
positive impact found must not lead to claiming that corporate sustainability per­
formance leads to excess security returns in the fixture. And yet it is this link, the 
link fi*om a company's shareholder value to the performance of its securities, that 
lies at the heart of sustainability investing or any other kind of SRSI investing that 
promises superior security performance. This link seems so self-evident that the 
claim 'SRSI investing generates alpha' is often made with little further considera­
tion. Unfortunately, the link is not quite as evident as it may seem. Investment per­
formance depends very much on which components of shareholder value are posi­
tively affected and whether the effect is a singular one or repeatable. Furthermore, 
the claim needs to be specified with regards to whether risk-adjusted returns are 
referred to or not. If risk-adjusted returns are referred to, i.e. if it is claimed that 
SRSI investing generates excess security returns, then market inefficiency is im­
plicitly assumed. These caveats must not be overlooked when claiming that securi­
ties of companies that perform well with regards to any SRSI criteria will outper­
form securities of their peers. Applying modem portfolio and financial market 
theory unveils the caveats. 

Fig. 2 compares the time paths of three companies' shareholder value per share, 
otherwise known as the fair value path of the companies' stock. The horizontal 
axis depicts time; the vertical axis depicts shareholder value or the fair value of the 
company's stock. It is given in logarithmic scale, so the slopes are equivalent to 
the expected rate of return on the companies' equity, which is a function of the 
risk premium the companies are burdened with. The solid line, denoted 'company 
r , depicts the fair value path of a company whose future prospects remain un­
changed by internal or external events. 

The dotted line, denoted 'company 2', depicts a company that decides to 
strengthen its corporate governance significantly, reducing the risk of misalign­
ment of interests and misappropriation of funds. Under the assumption that good 
corporate governance reduces non-diversifiable risk, shareholder value is in­
creased at the time of implementation of the new corporate governance practice, 
because the company should now be burdened with a lower risk premium on eq­
uity. Its future cash flows should be burdened with a lower discount rate as a con­
sequence. The time path after implementation has a lower slope than before, 
though, because the risk premium on equity and thus the rate of return required by 
investors have been reduced. Assuming efficient markets and share prices to be in 
equilibrium at all times, investments in company 2 will outperform investments in 
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company 1, but only if the investment has happened before company 2 strengthens 
its corporate governance. Investments made afterwards will underperform invest­
ments in company 1 on a non-risk-adjusted basis. On a risk adjusted basis, their 
performance will be equal, of course. This is the core result of asset pricing the­
ory. 

Fig. 2. Shareholder value path 

company 3 

implementation of ^ ^ ^ ^ 
human capital mgmt ^ -̂  "̂  ^ 

V ^ ^ ^ ^ company 1 

company 2 

v̂ 
implementation of 
corporate governance 

today time 

The dashed line, denoted 'company 3' , depicts the shareholder value path of a 
company that increases its free cash flow via investing in more profitable projects 
than company 1, perhaps because best-in-class human capital management has in­
creased its level of innovation. Its shareholder value jumps at the time of imple­
mentation as well, but the slope of the future path of shareholder value remains the 
same, assuming human capital management does not reduce non-diversifiable 
risk. In efficient capital markets, investments in company 3 will outperform in­
vestments in company 1, but only if conducted before company 3 implements 
best-in-class human capital management. After the fact, their performance will be 
equal both on a risk-adjusted and on a non-risk-adjusted basis. ̂ "̂  

Relaxing the assumption of efficient capital markets changes the picture only 
slightly. If share prices need some time to adjust to any changes in the level of 

In this light the definition of corporate sustainability used by SAM may in fact be 
misleading. The phrase 'to create long-term shareholder value' insinuates that excess 
shareholder value continues to be created. This is not the case. It must be clearly 
stated that corporate sustainability is a business approach to fundamentally increase 
shareholder value, whether in one instance or in several steps. 
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shareholder value, investments in sustainable companies can be profitable for 
some time after the measures have been implemented. The question arises of how 
much time. Perhaps share prices will adjust only after the effects of implementing 
sustainability are visible in the financial data. This would leave a period of one 
quarter to several years for sustainability investing to reap an excess return. Ironi­
cally, all the research conducted by the SRSI community to show that SRSI in­
vesting pays an excess return even on a risk-adjusted basis will lead to shortening 
this period. The current strong call for transparency and standardised SRSI report­
ing will have the same effect. 

For all SRSI investing that is geared towards investment performance and that 
claims to achieve an excess risk-adjusted return thus one has to admit that the 
claim can be upheld only as long as the market efficiency is not at its highest 
level, and only as long as the impact on shareholder value is not yet reflected in 
share prices. Increasing research efforts in the SRSI area and calling for more 
transparency will increase market efficiency. If markets are inefficient, there is an 
opportunity to reap some extra return, of course. A relative valuation approach, 
where shareholder value and current prices are compared, can reveal such excess 
returns. But claiming that ethical, environmental socially responsible or sustain­
able companies will always outperform under any circumstances is simply false. 
Continuous outperformance on a risk-adjusted basis would necessitate SRSI lead­
ers to continuously surprise investors on the upside by continuously detecting in­
vestment opportunities that continuously increase free cash flow beyond what was 
expected. Unfortunately, this assumption contradicts basic economic theory. 

Of course, all this is purely hypothetical. It assumes that an impact of corporate 
sustainability performance on corporate financial performance and security per­
formance is reality and can be quantified and demonstrated. The jury is still out. 
Studies showing some kind of impact are just as numerous as studies questioning 
their methodology, and as numerous as studies showing no impact whatsoever. ̂ ^ 
A final conclusive answer to this question cannot be given at this point, and can­
not be given in any case. Results depend, as always, on the data set used. Different 
data sets will yield different results. Claims that there is or is not any impact is 
conditional on the data set used. Not only the methodology but also the data need 
to be questioned. This creates a competitive environment for the SRSI research 
and investment houses. The ones capable of showing an impact may have de­
signed the right methodology and be collecting the right data, substantiating their 
claim. Those that do not find anything may or may not disprove the case. They 
may simply not have collected good indicators for SRSI performance. 

An overview of some of the existing studies is given in Schafer and Stederoth (2002). 
Another good overview is given in Ziegler et al. (2002). 
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5 Research Agenda and Outlook 

Any serious attempt to research the impacts of corporate sustainability perform­
ance on corporate financial performance and to use the results in a sensible man­
ner has to follow a consistent and thorough research agenda. Parts of this agenda 
have been describes above. The agenda is given below in full and in more detail. 
The description may serve as blueprint for any research effort in the SRSI area 
that is geared towards creating value added, and not just towards serving value 
sets. 

This research agenda comprises three broad areas. The first area covers the 
theoretical backing of any claim made, the hypotheses. The hypotheses need to be 
researched well enough to ensure that any claims made are not at odds with eco­
nomic and financial market theory. ̂ ^ The second area covers empirical testing of 
the claims made. The third area covers all necessary steps to assure that the way in 
which SRSI indicators and criteria are selected and designed comply with empiri­
cal findings and assure that empirical findings are not distorted or invalid. The 
third area thus serves as a feedback loop. 

The first area, building the hypothesis, needs to answer the following questions: 
1. Can there be a possible link between corporate sustainability and shareholder 

value? 
2. Does this link comply with economic theory? 
3. Does the link extend to excess security returns? 
4. Are there special assumptions needed to extend the link to excess security re­

turns? 
5. Do these specific assumptions comply with financial market theory? 

Whether such links can reasonably be assumed or not depends on the definition 
of sustainability adopted. Ethical, ecological, and socially responsible research and 
investment approaches have difficulty in postulating links to corporate financial 
performance. They need to rally support in form of pressure groups to make hap­
pen what they claim to happen. Sustainability can rely on companies acting in 
their self-interest. Still, links to excess security returns require special assump­
tions, like partial capital market inefficiency. 

The second area, empirical analysis and validation of the hypotheses made, 
needs to answer the following questions: 
6. How can sustainability performance be measured? 
7. Do the data at hand and the data generated fulfil basic requirements for statisti­

cal analysis? 
8. Which econometric model and estimation procedure are the most powerful? 
9. How must the results be interpreted given that impacts of corporate sus­

tainability performance on corporate financial performance may be singular 
events? 
Again, sustainability is at an advantage over other SRSI approaches, because it 

is based on positive screening and not on negative screening. Positive screening, 

Although I tend to view financial market theory as part of economic theory I mention 
both separately here. 
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the best-in-class approach, should correlate with better-than-average financials 
and occasional better-than-average security returns. Positive screening is about 
who's leading the competition, not about who should be added to a blacklist. 

The third area of the research agenda deals with how to interpret the estimation 
results for refining the analysis. It needs to answer the following questions. 
10. Are there any indications that the indicators used are not apt to measure cor­

porate sustainability performance? 
11. Are the weights used to aggregate indicators into criteria validated by empiri­

cal findings? 
12. Are there any indications that the indicators or criteria capture spurious corre­

lations because they correlate with common risk factors (like 'size' or 
'value/growth')? 

13. How must the results be interpreted given that a visible impact may still lie 
ahead some time in the fixture? 

This last question is especially important for sustainability analysis because 
sustainability is for the most part about fiiture industry challenges and the way in 
which companies prepare themselves to seize the opportunities and manage the 
risks they create. Indicators and criteria used to capture fixture aspects will not re­
ceive any empirical validation before the impact on financials or shareholder value 
can be measured. Yet they capture the very essence of sustainability. Validating 
them without any clear empirical indication is impossible. Scenario analysis and 
simulations need to be employed to quantify the impacts, but this cannot be ac­
cepted as empirical validation. Of course, defending criteria that have not had any 
impact in the past on the premise that they will have an impact in the fiiture may 
cause some overconfidence and self-delusion. 

It is true that SRSI research and investment is at a crossroads. The not so dis­
tant fiiture will determine whether it will remain a niche, appealing to those with 
certain value sets, or whether it will make its way into mainstream research and 
investment approaches. To achieve the latter, three things are needed. The SRSI 
research community will have to improve its understanding of common competi­
tive forces and common trends and challenges that haunt market participants every 
day. SRSI research and investment will also have to find a way to integrate its 
findings in commonly used investment processes. Processes based on relative 
value investing offer the possibility to do just that. There may be others. Whatever 
process is used, unless the value added generated by SRSI research can be trans­
lated into investor value added, the market for SRSI research will remain small. 
Most importantly, the link between corporate sustainability performance and cor­
porate financial performance and security performance needs to become visible. 
Without being able to show that there is value added beyond servicing value sets, 
SRSI will remain an appeaser at best. 

What is needed to achieve this is simply transparency. The link will never be 
found if the data needed to find it is not generated or made available. The link, if it 
exists, will never be accepted, if the research approach is not transparent. The first 
kind of transparency calls on all data providers, companies, NGOs, state agencies 
et cetera to collect and publicise, or to induce to collect and publicise, all neces­
sary data needed to show that here is indeed a self-interest for all market partici-
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pants to become sustainable in their business approach. The second kind of trans­
parency calls on the SRSI research and investment community. If serious about 
the business approach they call for, they must apply it to themselves, and must be 
open about the findings they may or may not have made. It is interesting to note 
the conundrum they thus face. Being transparent about their findings to support 
their and the SRSI community's case will at the same time endanger the monopoly 
niche they have to create for themselves to succeed in their own competitive envi­
ronment. 
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1 Background: Introducing Impact Assessment 

With its Communication on Impact Assessment (European Commission, 2002a) 
the European Commission committed itself to perform an Impact Assessment of 
all major policy proposals, in order to improve their sustainability and to ensure 
consistency among different policy initiatives. The application of the Impact As­
sessment in policy-making is expected to become a key instrument for the EU to 
respond to its Goteborg commitments to implement Sustainable Development, as 
well as to its Lisbon commitments. 

This Communication is one of a series of initiatives on "Better Regulation". Its 
aim is to improve the quality and coherence of the policy development process. It 
will contribute to an effective and efficient regulatory environment and to a more 
coherent implementation of the European Strategy for Sustainable Development. 

With this Communication, the Commission responds to its Goteborg commit­
ments to implement Sustainable Development and to establish a tool for Impact 
Assessment for achieving Sustainable Development objectives. Moreover, at the 
Laeken Council the Commission made commitments to implement better regula­
tion principles including a regulatory Impact Assessment mechanism. This fol­
lowed the Commission's own White Paper on European Governance. 

Its aim is to improve the quality and coherence of the policy development pro­
cess. It is intended to contribute to an effective and efficient regulatory environ­
ment and to a more coherent implementation of the EU Strategy for Sustainable 
Development. 

There is a strong demand on the part of decision makers for "reliable and appli­
cable" indicators and tools to identify ways towards Sustainable Development, to 
measure and to communicate the direction of change towards Sustainable Devel­
opment. 

mailto:marialuisa.tamborra@cec.eu.int
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The new Impact Assessment method integrates all existing specific assessments 
of the direct and indirect impacts of proposed measures, that were traditionally 
used at he Conmiission (i.e. business Impact Assessment, gender assessment, 
environmental assessment, small and medium enterprises assessment, trade Impact 
Assessment, regulatory Impact Assessment etc.) into one global instrument. This 
single instrument will replace the existing situation of a number of partial and 
sectoral assessments, and is intended to integrate, reinforce, streamline and replace 
all the existing sectoral Impact Assessment mechanisms for Commission propos­
als. 

The ultimate goal of the Impact Assessment is to analyse the positive and nega­
tive impacts associated with a given policy proposal, enabling informed political 
judgements to be made and identifying trade-offs in achieving different objectives. 

Impact Assessment is an aid to decision-making, not a substitute for political 
judgement. An Impact Assessment does not necessarily generate clear-cut conclu­
sions or recommendations. It does, however, provide an important input by in­
forming decision makers of the consequences of policy choices. 

The Impact Assessment is also an effective and valuable communication tool. 
Consultations with interested parties generate useful discussion and bring in valu­
able information and analysis that are required by the Communication on general 
principles and minimum standards for consultation (European Commission, 
2002b). 

The process of "Impact Assessment" started in 2003 with the first few 43 poli­
cies under scrutiny for the Extended Impact Assessment. The following year 46 
policy proposals were selected for the Extended Impact Assessment. This process 
consists of a two-stage approach: The preliminary impact assessment is a filtering 
exercise that justifies the choice of going or not for an Extended Impact Assess­
ment. The extended one will imply an in-depth assessment, both qualitative and 
quantitative, and there is a strong demand for methodologies and tools that are 
able to cope with Sustainable Development challenges. 

European research in Sustainable Development needs to support this process. 
Moreover, the Communication on "Impact Assessment" encourages Member 
States to re-think their way of making policies in the light of the requirements of 
the Commission "Impact Assessment". 

Fig.l shows that the assessment and the decision-making process are two sepa­
rate but mutually influencing activities and that the assessment needs to start at an 
early stage of the decision-making process in order to be effective. It also illus­
trates that impacts related to the three dimensions of Sustainability are not cap­
tured completely by Impact Assessment. As Fig.l depicts, such an assessment will 
provide a set of quantitative and qualitative assessment variables on both positive 
and negative impacts, that will guide and support policy makers in taking deci­
sions. 

The identification of impacts implies the definition of the links from cause (the 
policy proposal) to effect (the impacts), and addresses the questions of who is 
affected by the identified impacts and over what timescale (causal chain analysis). 
The analysis of the causal links allows for a subsequent qualitative analysis of the 
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impacts identified and then for a quantitative analysis, where appropriate. Some of 
the tools for calculating those impacts have been developed within the EU re­
search programmes. These tools are well suited for devising impacts in a quantita­
tive way, so that they can be analysed in physical terms if multi-criteria analysis is 
applied in policy appraisal, or translated into monetary terms if cost effectiveness 
and cost-benefit analysis are to be used^ 

The comparison phase does not only involve the use of analytical methods 
ranging from a frill cost-benefit analysis to a multi-criteria analysis, but also the 
consultation of interested parties. In fact, quantitative variables derived from ana­
lytical tools would be of little use without the right process tool to bring it to ac­
tion. Social sciences are asked to develop methodologies, tools for better commu­
nication and social learning processes to manage large multi-disciplinary groups 
of stakeholders. 

2 A Tentative Classification of Quantitative Tools and Some 
Achievements of EU-Funded Research 

In this section a possible classification of quantitative tools is provided with some 
examples from EU research projects and models. A more detailed description of 
these projects is available in a EU publication (Tamborra, 2002). Most relevant 
and well-developed quantitative tools for impact analysis purposes consist in 
models that can be classified into: 

(1) Computable General Equilibrium (CGE) models: CGE models calculate a 
vector of prices such that all the markets of the economy are in equilibrium, im­
plying that resources are allocated efficiently. They are based on economic theory 
and theoretical coherence (i.e. the Walrasian representations of the economy). 
Therefore, parameters and coefficients are calibrated with mathematical methods 
and not estimated as in econometric modelling. They can be static - comparing the 
situation at one or more dates - or dynamic, showing developments from one 
period to another. CGE models require an input-output table to model interrela­
tions between sectors. 

Examples of EU-funded CGE models 
GEM-E3 is an example of a successful CGE model developed with European Commission 
(DG Research) funds. It is an applied general equilibrium model for the European Union 
Member States, taken individually or as a whole, which provides details on the macroecon-
omy and its interaction with the environment and the energy system. The model is being 
used to evaluate policy issues for the European Commission. Applications of the model 
have been (or are currently being) carried out for several Directorate Generals of the Euro­
pean Commission (economic affairs, competition, environment, taxation, research). At 
present, the model is operational for EU-15 Member States, while further development is 
under way. 

Other methods are available such as risk analysis, cost assessment, risk-risk assess­
ment, cross-risk analysis, etc. 
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The CCGP project was financed by the European Commission under the Energy, Envi­
ronment and Sustainable Development programme within the Fifth Framework Pro­
gramme. The project aimed at providing quantitative insights into the impacts of two im­
portant international policy initiatives: (i) multilateral agreements on climate protection 
strategies, and (ii) trade agreements towards global trade liberalisation. The main part of the 
CCGT project consists of the development of an appropriate analytical framework and its 
parameterisation. Starting from a multi-regional, multi-commodity computable general 
equilibrium (CGE) model several extensions are introduced such as imperfect competition 
on commodity markets and scale economies, and different degrees of trade liberalisation, 
i.e. the representation of (non)tariff barriers. 

By introducing increasing returns to scale on the plant or firm level, the GEM-CCGT 
model is able to capture pro-competitive industrial organisation effects of trade policy 
reforms (such as EU enlargement). Besides the model can analyse how EU emission 
abatement policies will change under efficiency and equity considerations in response to 
different developments of world trade. 

(2) Sectoral models'. These models are constructed on the equilibrium of one 
specific sector of the economy. These models are often very detailed since they 
are sometimes complemented by more specific (e.g., engineering economic) bot­
tom-up models. On the other hand they are not able to capture the effects on other 
markets. 

Examples of EU-funded sectoral models 
PRIMES is a simulation model focusing on EU energy markets and as such is very useful in 
analysing in detail the impacts of various forms of carbon emission trading on energy mar­
kets, although its focus on the EU means that it cannot capture some of the impacts of 
carbon emission trading in the wider economy (e.g., exchange rate effects, trade balances). 
PRIMES generates results for each of the 14 Member States (Luxembourg excluded), and 
has also been used to investigate the effects of carbon emission trading being limited to a 
subset of Member States. Because of the detailed sectoral breakdown it also allows the 
analysis of the effects of carbon emission trading being restricted to a number of economic 
sectors. The equilibrium is static (within each time period) but repeated in a time-forward 
path, under dynamic relationships. PRIMES is specially conceived for scenario construc­
tion and policy impact analysis. 

POLES is a partial equilibrium worldwide energy market model. Its geographical cover­
age is different to that of PRIMES, as it covers the whole world but has a less detailed 
breakdown of EU Member States. This renders it an excellent tool to shed light on the 
consequences for international energy markets of EU carbon emission trading. On the other 
hand, POLES is less suited to illuminate in detail the effects of sectorally and geographi­
cally limited permit markets, because of its wide scope. Also PRIMES does not capture 
general economy-wide effects like changes in international trade. 

TREMOVE is a sectoral simulation model developed by DG Environment. It allows the 
simulation of consumer behaviour with regard to the choice of modes of transport and 
vehicle types (i.e. size and technologies). The demand for each mode is determined by 
taking into account the interactions between the various modes of transport. This model 
allows an analysis of the extent to which policies can affect these choices and the subse­
quent atmospheric emissions. Moreover, it calculates the cost of policies to society. The 
cost components modelled in TREMOVE are the cost to transport users, transport produc-

CCGT: The Climate Change Policy and Global trade (EVK2-CT-2000-00093). 
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ers, and governments. The output of TREMOVE includes, inter alia, annual forecasts of 
transport flows, vehicle stock size and composition, costs to society from transportation, 
and emissions from transport both in the base case and in any variant thereof More infor­
mation on this model can be found on: http://europa.eu.int/comm/environment/air/ 
tremoveassessment.htm 

(3) Macroeconometric models: These models are empirical and are therefore 
developed using coherent datasets. The parameters of the equations are estimated 
with econometric methodologies. They are fundamentally designed to evaluate 
macro-sectoral impacts of economic policies, although they have been extended to 
incorporate environmental dimensions. 

The strength of macroeconomic models relies on the validation of the equations 
of the model with statistical methods and on the model's ability to provide short-
medium term forecasting and to evaluate the impact of policies. Moreover, these 
models ensure a coherent framework of analysis for analysing inter-linkages be­
tween variables. 

Examples of £U econometric models 
NEMESIS^ is a very detailed econometric model estimated on the basis of long time series. 
It includes 30 productive sectors and 27 consumption categories. A detailed en­
ergy/environment module allows energy prices, volumes and subsequent pollutant emis­
sions (CO2, SO2, NOx, etc.) to be calculated. Moreover, it describes sectoral dynamics with 
interdependencies among activities. Another important characteristic of this model is the 
introduction of endogenous R&D and innovation decisions that allows for a new assess­
ment of policies, such as energy, environmental, fiscal, R&D ones. 

The NEMESIS model can be used for several policy applications. First of all, it can be 
used to run forecasts on short and medium term. Then, it enables energy and environment-
related pohcies and economic, fiscal, R&D policies etc. to be assessed. Moreover, the 
model can assess the effects of EU RTD policy on competitiveness, employment, innova­
tion and Sustainable Development. All results for simulations are available for each EU 
country or Europe as a whole both at macro and sectoral level. 

(4) Environmental-technical models: These models intend to measure and to 
evaluate the environmental impact of economic activities or policy measures. An 
established approach within these models is the so-called impact pathway analy­
sis. This is a bottom-up approach for estimating external costs starting fi-om a 
particular process and its emissions, and moving through their interactions with 
the environment to a physical measure of impact (the main component being 
health), and eventually a monetary valuation. In the Dose-Response step of analy­
sis, data fi-om the physical, biological sciences and epidemiology are used to link a 
particular pollutant at different levels (the dose) with different levels of physical 
damage to human health and ecosystems. The calculation process is highly site-
sensitive, as the aggregate impact is determined by the geographical distribution of 
victims or receptor ecosystems. 

NEMESIS: New Econometric Model for Environment and Strategies Implementation 
for Sustainable Development (EVGl-CT 1999-0014). 

http://europa.eu.int/comm/environment/air/
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The impact pathway analysis has allowed the Commission to review many of 
its decisions in the environmental sphere, in order to reach a better compromise 
between economic and environmental objectives. There have been many applica­
tions of the methodology where it has helped, through a quantification of the envi­
ronmental and health damages, to make policy decisions that are better-informed 
and more consonant with the goals of Sustainable Development. 

Impact Pathway Analysis in EU-funded projects 
The most well known example of implementation of the Impact Pathway Analysis is the 
project EXTERNE. This is the first comprehensive attempt to use a consistent 'bottom-up' 
methodology to evaluate the external costs associated with a range of different fizel cycles 
in different locations in Europe. Local, regional and global impacts are calculated with the 
ECOSENSE model, although uncertainty attached to global impacts is still very high. Un­
certainties are treated with a systematic application of the sensitivity analysis. This meth­
odology has proved its potential also in the transport sector, in industrial technologies and 
in the waste sector. 

Externalities analysis has a wide number of policy applications, when environmental 
costs borne by society need to be taken into account, such as in the definition of environ­
mental taxes. 

One offshoot fi-om EXTERNE that is beginning to guide policy makers in following a 
sustainability pathway is GREENSENSE^, which looks both at the national/global impacts 
of economic activity as well as the costs, including external costs, associated with different 
thresholds of sustainability. By comparing the two, and taking account of fiiture impacts 
and uncertainty in a carefiil way, it will provide some guidance on how adequate current 
policies are and where they need to be strengthened. 

3 Looking Forward: The Contribution of the Sixth Research 
Framework Programme 

There is a strong demand for methodologies and tools able to contribute to the 
definition and assessment of the Sustainable Development Strategy. The Climate 
Change issue has led to significant developments of new methods and tools during 
the nineties. The tools for facing the Climate Change challenge are today opera­
tional and they constitute with the necessary adaptations the starting point for 
assessing the impacts of policies and measures to be implemented as part of the 
EU Strategy for Sustainable Development. It is hoped that the EU Sustainable 
Strategy will allow similar major developments and best practices to be developed 
as it was for the Climate Change Strategy design. 

The new Framework Programme supports the development of quantitative and 
qualitative methods and tools for Impact Assessment. In the work programme of 
Priority 6.3 "Climate Change and Ecosystems", several inter-related topics are 
relevant for Impact Assessment: 

GREENSENSE: An Applied Integrated Environmental Impact Assessment Frame­
work for the European Union (EVG1-CT2000-00022). 
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- Estimating thresholds of sustainability and externalities'. One key issue for 
Impact Assessment to be realistic relies in the identification and quantification 
of externalities, so that economic instruments can be used to steer society on a 
Sustainable Development pathway. Whereas substantial results have already 
been achieved in the field of energy and transport, the challenge is still open for 
areas such as agriculture or forestry. 

- Developing tools for integrated sustainability assessment and for the incorpo­
ration of sustainability in decision-making processes: The aim is to explore 
new approaches and tools for Sustainability Impact Assessment embedding and 
integrating environmental, economic and social aspects in the analysis of poli­
cies. 
The objective of these two areas is precisely to provide those tools and models 

that can be used to perform Impact Assessments using an analytical approach. 
Also the so-called Priority 8 for "Specific Support to Policies" states in its ob­

jectives the support to the implementation of the EU Strategy of Sustainable De­
velopment, especially in the area 3.4 "Forecasting and Developing Innovative 
Policies for Sustainability in the Medium and Long Term". The research topics are 
identified by DG Research in co-operation with other DGs of the Commission and 
are aimed at supporting their own policies. 

The Sixth Framework Programme for Research is fimding a number of research 
projects that are relevant to the Impact Assessment implementation. Their aim is 
to make stock of past research results and explore new approaches and socio­
economic tools for Sustainability Integrated Assessment allowing to integrate and 
quantify environmental, economic and social aspects (e.g. I.Q. TOOLS and Sus-
tainabilityA-Test^. Additional projects (e.g. METHODEX, ESPREME^) are on 
the identification and quantification of externalities that will allow taking into 
account the actual and full cost of policy actions, including their external cost. 
Ongoing and fixture calls for proposals will strengthen and complement signifi­
cantly this research area. 

These are the most relevant projects (traditional instruments) that have already 
started: I.Q. TOOLS is a Priority 8 Project ("Specific Support to Policies") and is 
aimed at directly supporting the Impact Assessment Implementation in the Com­
mission, whereas Sustainability A-Test is part of Priority 6.3 "Global Change and 
Ecosystems". 

I.Q. TOOLS: Indicators and Quantitative Tools for Improving the Process of Sustain­
ability Impact Assessment (SSPl-CT-2003-502078); SustainabilityA-Test: Ad­
vanced Techniques for Evaluation of Sustainability Assessment Tools (GOCE-CT-
2003-505328). 
METHODEX: Methods and data on environmental and health externalities: harmo­
nising and sharing of operational estimates (GOCE-CT-2003-505368); ESPREME: 
Estimation of willingness-to-pay to reduce risks of exposure to heavy metals and 
cost-benefit analysis for reducing heavy metals occurrence in Europe (SSPl-CT-
2003-502527). 
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LQ. TOOLS 
This project is directly relevant to the European Commission, as its aim is to pro­
vide a decision-support tool for desk-officers of the European Commission who 
are in charge of developing a policy proposal. The tool will help to provide the 
users with qualitative and quantitative tools such as indicator sets, and checklists 
for a practical appraisal of Community policies, as well as a model analysing in a 
quantitative manner inter-linkages among different policy areas or sectors and 
indirect effects across specific impacts. Besides, an electronic Handbook of best 
practices will be produced. 

SustainabilityA-Test 
This project will assist in improving both impact assessments and the Sustainable 
Development strategy definition, by high level validation of existing tools using a 
consistent and comprehensive evaluation framework. This evaluation framework 
will indicate how the tools relate, the merits of each tool, the circumstances under 
which they can be used, the constraints, the pros and cons and the extent to which 
they integrate externalities of policies. Moreover, the evaluation framework will 
show which tools are usefiil for answering which key aspects of Sustainable De­
velopment and will identify the trade-offs of using the different tools for address­
ing the three pillars of Sustainable Development (economic, environmental and 
social). 

A preliminary overview of the methodologies and tools used in the first few 
Impact assessments done in 2003 by the European Commission confirms that the 
European research community has an important role to play in providing tools for 
the assessment of the environmental, economic and social impacts of policy initia­
tives, and in strengthening the quantitative and analytical analysis used in Impact 
Assessments. From an overview of 2003 lAs based partly on the preliminary re­
sults of the project I.Q. TOOLS it turns out that the main areas of improvement 
concern: 
- the choice of the options that hardly includes more than only one viable option; 
- the comprehensiveness of the analysis that is sometimes almost exclusively 

restricted to the analysis of one type of impacts, i.e. the economic ones; 
- the use of quantitative analysis along with the qualitative one; this includes the 

use of indicators that are often difficult to identify and calculate in a transparent 
and consensual way. 
Much is expected from research in the coming years in view of developing the 

appropriate support tools for policy-making. Strengthening the methodological 
and scientific base for Impact Assessment will eventually strengthen the Impact 
Assessment process itself 
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Abstract. The present paper demonstrates that with imperfect competition on 
world markets, a government acting as a Stackelberg leader should impose stricter 
environmental policy on the exposed sector of the economy than on the sheltered 
sector, if it pursues the maximisation of social welfare. This is illustrated by 
means of a model covering a large class of economies. 

1 Introduction 

The relationship between environmental policy and international trade offers sev­
eral interesting perspectives. To mention just a few: Does trade liberalisation lead 
to more or to less pollution? Is there a case for using environmental policy as an 
instrument of trade policy? Is there a theoretical and empirical foundation of the 
Porter hypothesis? Under what circumstances will there occur a relocation of 
firms as a consequence of strict environmental policy? What can we learn fi-om 
the theory on international environmental agreements? When does carbon leakage 
occur? What kind of tradable permits system should be implemented in a federal 
state? Apart fi-om the fact that these issues are interesting from a theoretical point 
of view, they are also compelling and extremely relevant from an empirical and 
policy point of view. It is tempting to provide an overview of the issues involved, 
in order to sketch a broad outline and to indicate where fixture research should fo­
cus on. However, excellent surveys already exist (see e.g. Copeland and Taylor 
2004, Sturm 2002, and Ulph 1999), and, moreover, it seems to me that all ques­
tions raised above have not yet been dealt with completely, and deserve fiirther at­
tention. Therefore, in this paper I would like to make a modest original contribu­
tion to just one of the fields of the link between international trade and 
environmental policy. 

mailto:cwithagen@feweb.vu.nl
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I will deal with the question whether in the design of environmental policy 
making there is case for treating the exposed exporting sector of an economy dif­
ferently than the sheltered sector. This is a relevant question, since we observe, for 
example in the Netherlands, that the exporting sector has on several occasions 
been exempted from environmental taxation, arguably by an appeal on the impor­
tance of its competitiveness. Presently the debate revives with the upcoming intro­
duction of a European system of tradable CO2 permits. Recently an advisory 
council to the government proposed to install a system where the exposed sector 
would be treated more leniently than the sheltered sector^ 

From a theoretical perspective a lot has already been done in this area. The 
theoretical results depend largely on the market structures being studied. In the 
case of perfect competition on world markets and absence of international spill­
overs, the standard result is that there is no case for differential treatment 
(Rauscher, 1994, Neary, 2003). Hoel (1994), however, shows that preferential 
treatment of exposed sectors may be justified, particularly if trade policy is impos­
sible and transboundary pollution occurs. Rauscher (1994) suggests that in the 
case of a large country, it may be optimal to be more stringent for the exporting 
sector, in order to improve the terms of trade. The theory on optimal environ­
mental policy in an oligopolistic world market is inspired by the strategic trade lit­
erature pioneered by Spencer and Brander (1983), Brander and Spencer (1985), 
and Helpman and Krugman (1985). Following this line of research, the strategic 
environmental policy literature addresses the issue whether an "over-lax" envi­
ronmental policy can be used as an alternative to providing subsidies to domestic 
exporting firms. Barrett (1994) and Neary (2003) show in a partial equilibrium 
framework with Coumot competition that welfare maximisation indeed dictates an 
"over-lax" environmental policy: The home firm pays less than the Pigouvian tax 
corresponding to the marginal damage of pollution. This result is reversed in the 
case of Bertrand competition. Rauscher (1994) and Elbers and Withagen (2002a,b) 
consider the issue in a general equilibrium setting. Their analyses go beyond the 
question whether or not environmental policy yields Pigouvian outcomes, by con­
sidering discrimination in the stringency of environmental policy between the do­
mestic and the export sectors. Elbers and Withagen (2002a,b) show by numerical 
examples that the partial equilibrium recommendation may not hold in the case of 
a general equilibrium approach. Mulatu et al. (2004) employ a somewhat different 
framework, inspired by international agreements on emissions, where there is an 
exogenous upper bound on emissions. They find that in that case it might be better 
not to be lenient with regard to the exposed sector. 

In the present paper I aim to fill some gaps in this literature. In particular I want 
to show that preferential treatment of the exposed sector is suboptimal for a large 
class of large economies and for a class of Coumot competition models, rather 
than showing it for a set of numerical examples. In doing so I extend the applica­
bility of policy recommendations made earlier. At the same time I intend to pro­
vide a rather up-to-date survey of the literature in this specific field. 

Probably political economy considerations are important here too. We will not ad­
dress this in the present paper. 
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The remainder of this paper is organised as follows. In Section 2, I introduce 
the basic model with features largely identical to the models discussed above. I 
also derive some preliminary results on perfect competition and the large country 
case. Section 3 investigates the issue in an oligopolistic structure of the world 
market. Section 4 concludes. 

2 The Model and First Results 

The model is strongly related to the model employed by Rauscher (1994) in his 
seminal work on ecological dumping. The economy has three consumer commodi­
ties and employs two factors of production, capital and raw materials. The first 
consumer commodity is consumed and produced domestically only. Production 
takes place in the sheltered sector with many price-taking firms. The aggregate 
production function F^ is neoclassical, and has capital k^ and raw material y^ as 
inputs. Domestic consumption is denoted by q . The second class of consumer 
commodities is produced in the exposed sector. There are n (« > 1) varieties, in­
dexed by / = l,2,...,w. On aggregate variety i is produced by a neoclassical pro­
duction function F^, again using capital k^ and raw material y\ • Output is par­
tially consumed domestically ( 4 ) , whereas the remainder is exported (^2). The 
third consumer commodity is imported, and its consumption is denoted by c^. 
Utility from consumption is represented by a neoclassical utility function 
U{c^,C2,c^) with C2={c\ycl,...,cl). The imported commodity is used as the 
numeraire by taking its world market price equal to unity. We require equilibrium 
on the current account of the balance of payments. 

Capital is mobile domestically, but immobile internationally.^ Gordon and 
Bovenberg (1996) provide empirical as well as theoretical support for the assump­
tion of international immobility of capital.^ The economy's endowment of capital 
(owned by the consumers) is given by k , with a rate of return r. The raw mate­
rial can be conceived of as a fossil fuel. The possible exhaustibility of the resource 
from which the raw material is extracted, is neglected. Pollution is normalised 
such that using one unit of the raw material entails one unit of polluting emission. 
No abatement technology is available. With regard to pollution two variants will 
be considered: 

The immobile factor is referred to as capital, but if applicable one can also think of 
labour as the immobile factor. 
In an attempt to explain the empirical evidence on international immobility of capital, 
Gordon and Bovenberg (1996) single out asymmetric information between domestic 
investors and foreign investors as the most important factor. They argue that foreign 
investors are at a disadvantage due to lack of information regarding issues such as 
purchase prices of assets and inputs, output markets, and future government policies. 
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1. Due to international environmental agreements, there is an upper bound y on 
emissions. 

2. Pollution brings along damage, which is of a domestic nature only. The damage 
n 

function is given by D{y^ + ̂ ^ 2 ) with D increasing and strictly convex. 

So, in the first variant there is no domestic damage inflicted by pollution, or the 
optimal emission level is a priori captured by the upper bound on pollution. We 
will refer to this situation as the global pollution case, assuming that the interna­
tional agreement deals with a global pollutant such as CO2. The alternative case 
occurs when domestic damage is caused by domestic emissions only. In the sequel 
this will be referred to as the local damage case. The government levies emission 
taxes Tj and T\ (i = l,2,,„,n) per unit of raw material input in the sectors of the 

economy. Tax revenues are recycled to consumers in a lump sum fashion. Alterna­
tively, the government implements a system of tradable emissions permits. Such a 
system is called uniform if trade is possible among all domestic parties involved. 
The system is differentiated if individual sectors have their own system, with trade 
limited to those firms belonging to the individual sectors. 

This completes the description of the model. Its simplicity allows for a rather 
thorough analytical approach, but obviously so at the cost of some realism. In par­
ticular the assumption that the polluting commodity is freely available, except for 
the tax, is restrictive, because one could think here of energy that is usually im­
ported. However, it is my conjecture that an alternative model taking this into ac­
count would not alter the main results of the analysis. 

I now characterise the first-best optimum and study if and how it can be im­
plemented in a decentralised setting. The first-best optimum in the economy is the 
allocation that maximises social welfare, 

W = Uic„c„c,)-dD(y,+Y,y2) 
1=1 

subject to: 

c,=F,(k,,y,) (2.1) 

c[+x',= F' (ki,y\), (J = 1,2,...,n) (2.2) 

n 

c^=YuP'i^A^A (2.3) 

^ , + Z ^ 2 = * (2.4) 

n 

>' i+Z^2=( l -^)^ (2.5) 
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where p\ = p\{pi'2) denotes the inverse world demand fiinctions, and where 5 = 1 
in case of local damage and 5 = 0 in case of global pollution. Note that equation 
(2.3) incorporates the equilibrium condition on the current account. Several results 
regarding the implementation of the first-best optimum in a decentralised econ­
omy are straightforward modifications of earlier work by, for instance, Hoel 
(1996) and Rauscher (1997). In particular, regardless of the type of damage, the 
following holds: 

- If the country under consideration is small, meaning that the exposed sector has 
no market power on aggregate, it is optimal for the government to impose a 
uniform emission tax or to install a uniform system of tradable permits that 
makes no distinction between sheltered and exposed sectors. 

- If the country under consideration is large, meaning that the exposed sector has 
some market power on aggregate, the first-best solution will be implemented by 
imposing export taxes, together with uniform emission taxes or a uniform trad­
able permits system, provided the individual firms in the exposed sector behave 
competitively. 

- If the country under consideration is large, meaning that the exposed sector has 
some market power, the first-best solution will be implemented by imposing 
uniform emission taxes or a uniform tradable permits system, provided the in­
dividual firms in the exposed sector behave as larger players by themselves. 
So, in all three cases, trade policy can either be implemented by assumption, or 

is just not needed. However, if trade policy is ruled out and if the country has 
market power on aggregate but none of the individual exposed firms has, the first-
best optimum cannot be reached. We sketch an example where it is second-best 
optimal to confront the exposed sector with a stricter environmental policy than 
the sheltered one. Suppose there is just one exported commodity (« = 1), and: 

D{y,^y,) = y,{y,^y,f (2.6) 

C/(Ci,C2,C3) = l n C i + h i C 2 + l n c 3 , (2.7) 

F,ik,,y,) = r,y\-\ (2.8) 

F,{k^,y,:) = kly'-\ (2.9) 

p^(x,) = x\\ (2.10) 

where 0 < a < l , 0 < j 3 < l and ^ < 0 are constants. Since there are no trade tar­

iffs, income of the representative consumer equals p^F^ + P2F2 • Utility maximisa­

tion subject to the budget constraint implies p^c^ = p^F^ = K L A ^ +/^2^] • Hence 

P2F2 = 2p^F^. Demand for capital follows from profit maximisation: rk^ = ccp^F^, 

k2 =2pk /(a-\-2l3), Therefore, the respective capital inputs are independent of 

environmental policy parameters. Taking into account that 

Pi^i = 3̂ = KIPA + P2F2] = >2;?2̂ 2 we have 
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W = U(c„c,,c,)-SD(y,+y,) = 

For the case of local damage ( 5 = 1 ) we have to maximise the expression in 
(2.11) with respect to y^ and 3̂2 • This yields 

Ji _ l - g 

For the case of global damage (5 = 0) we have to maximise (2.11) with respect 
to y^ and y^ subject to y^-\-y2=y . This yields: 

( l - g ) (l-j3)(2 + l/g) 
^' ( l - a ) + ( l - ^ ) (2 + l / f ) ^ ' ^ ' ( l - a ) + (l-)5)(2 + l / f )^* ^^'^^^ 

It follows from the factor demand equations, T^y^={l-a)p^F^ and 

T^y^ = (1 - )3)/?2^2 = 2(1 - j3)/7iFi, that in both cases: 

2 

' 2 + 1/f ' 
The price elasticity of world demand is negative, implying that the exposed sec­

tor should be taxed more heavily than the sheltered sector. This is a novel result, 
for the class of large country models. Alternatively, a tradable permits system 
should be dual, allowing for a separate permits market in each sector. In an uncon­
strained tradable permits system the exposed sector would demand more emission 
permits and supply more in the world market than is optimal. In the case of more 
than one export sector, multiple separate permits markets should be established. 
This policy is generally more difficult to implement, and it will be intricate to en­
sure perfect competition as well. A policy design based on differentiated emission 
taxes is therefore likely to be more appropriate. 

3 Cournot Oligopoly 

The preceding section considered the issue of strategic environmental policy in the 
case where world markets are perfectly competitive or exhibit monopolistic fea­
tures. In many instances, markets are however better described by an oligopolistic 
structure, giving rise to strategic interaction among firms as well as among gov­
ernments. 

In this section I consider a two-country world. Superscripts / and h refer to 
the foreign and home country, respectively. I consider the usual case of a single 
domestic producer (« = 1) of the exportable acting as a Cournot duopolist on the 
world market. The commodity produced in the exposed sector is not consumed 
domestically, implying C2 = 0. The inverse world demand function is written as 



Should Environmental Policy Discriminate Between Exposed and Sheltered Sectors? 89 

Pii^i)- Pii^i +^2) • Pi"ofit maximisation in the exposed sector, taking foreign 
supply as given, yields: 

[ ^^2+^21^2 . = ^ (3.1) 

[^^2+/^2F2,v =^2- (3.2) 

To examine the welfare effects of a policy, totally differentiate the welfare 
function W = U(c^,c^)-SD(y^-\-y2) and make use of utility maximisation 
(Û ^ = PiU^^), profit maximisation and equations (2.3) - (2.5). This yields: 

dW = p,U^^[F,,dk, -^F,^dy,-\ + U^^[p,dx\ ^x',dp,]-8D\dy, +dy,] 

= U^^[rdk, ^T.dyMU^^VpM ^4 ^[dx'2 ^dx(]]-dDldy, ^dy^] ^^ ^^ 
dx^ (3.3) 

•-[U^r, -5D^]dy, +[U^T, -SD^y, ^U^/, -^dx^. dp2 

dx^ 

Suppose, the home government takes foreign supply as given {dxi = 0) . Then 
the policy recommendations follow straightforwardly. In the case of local pollu­
tion ( 5 = 1 ) it is optimal to set emission taxes equal to marginal damage: 
Tj =T2 =D^/U^ or to install an undifferentiated system of permit trading. In the 

case of global pollution ( 5 = 0 ) it is optimal to have TJ = TJ as well, because 

dy^+dy^ -dy = 0, Alternatively, a system of uniform emission trading is in or­

der. 
However, things change if by manipulating the domestic emission tax rates for­

eign supply can be manipulated. The interesting case is therefore the case where 
the foreign country is a Stackelberg follower, and the home country is the Stackel­
berg leader. 

Each firm is a Nash player on the world market and takes supply by its rival as 
given. I model the game at the level of the governments by assuming that the for­
eign government takes world market supply by the home firm as given, and sub­
sequently determines its own optimal tax structure. So, for any given x\, the for­
eign government sets uniform emission taxes that maximise social welfare. 
Therefore, the foreign government is the Stackelberg follower. These taxes also 
generate foreign supply written as x^^{x\). Subsequently, the home government 
takes the overall reaction function of the foreign country into account in determin­
ing its own optimal taxes. So, the home country is the Stackelberg leader. If the 
foreign reaction fimction is upward sloping, then, starting from a situation of un-
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differentiated emission taxes, the home government wants to decrease its own 
supply to the world market, implying a welfare increase, since 

The welfare increase is then accomplished by increasing the tax rate on the ex­
posed sector. On the other hand, if the foreign reaction function is downward slop­
ing, a decrease of the tax rate imposed on the exposed sector is in order. 

Collie and De Meza (1986 and 2003) address the slopes of the reaction func­
tions in a partial equilibrium model. If demand is isoelastic they show that the re­
action functions in a Nash equilibrium are downward sloping if and only if de­
mand is elastic. However, in a general equilibrium setting the sign may be 
reversed. This is illustrated by Mulatu et al. (2004) for the case of global pollution 
when the functional forms are given by (2.6)-(2.9) for both countries. I address 
the case of local damage here. This case is more difficult to analyse because total 
emissions are not fixed, but vary with the tax rate. I will therefore simplify even 
more, by assuming that a = jS = Vi. Point of departure is a Nash equilibrium, in 
which both countries have undifferentiated emission taxes. The system of general 
equilibrium conditions^br the foreign country is given by 

rK=Ty, (3.5) 

rK=Ty^ (3.6) 

p, = Ir^H^' (3.7) 

p^={xl+xif\ e<-l (3.8) 

Pi 
x^ 

1 + ^ ^ ^ 
€[xl +xf ] 

3^1+3^2 = 

= 2 r \ ' ^ (3.9) 

T (3.10) 

k,+k,=k (3.11) 

Pikhi^' = Pikht' = Pi^ (3.12) 

Equations (3.5) and (3.6) follow fi-om cost minimisation. The right hand side of 
equation (3.7) is the unit cost fimction in the sheltered sector. Hence the equation 
follows fi*om perfect competition in the sheltered sector. Equation (3.8) defines the 
market price for the exposed sector and (3.9) follows fi*om profit maximisation in 
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that sector. Equation (3.10) says that, in the Nash equilibrium from which the 

analysis starts, the tax rate r equals marginal damage U^ D'= — where use 

has been made of the fact that c^ = A^i- Equation (3.11) is just (2.4). Equation 

(3.11) follows from p^x^ =c^ = PA = ViiPi^i -^Pi^i^- VilPi^i +jP^^^]and 

represents the condition that there is an equilibrium on the current account. 

Define z = xl ,x = x{,, v{zlx) = \ + .Eliminate k, ^2' P\ ^^^ P2 
£[l + z/jc] 

to obtain 

(x + z)^v = 2 r M (3.13) 

^ 1 + 3 ^ 2 = ^ (3.14) 

T[y,^y,] = rk (3.15) 

ix + zY^x = 2Ty^ (3.16) 

^ = ['-\ yi (3.17) 

By elimination oi y^^y^^r and r I arrive at 

- ^ = K P ^ (3.18) 

Now suppose that z (supply by the home country) increases and x (supply by 
the foreign country) decreases. This implies that v increases, since ^ < 0. The 
right hand side of (3.17) then increases, but this contradicts that the left-hand side 
increases too. Hence, the reaction ftmction of the foreign country is increasing. 
Therefore, this establishes an example where a Stackelberg leader will find it op­
timal to tax emissions in the exposed sector more than emissions from the shel­
tered sector. 

4 Conclusions 

In this paper I have addressed the problem of preferential treatment of exposed 
sectors in environmental policy making. It has been demonstrated that in the large 
country case it is second-best optimal to tax the exposed sector more heavily than 
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the sheltered one. This has also been demonstrated for a model of strategic envi­
ronmental policy making with Coumot competition between firms. The policy 
recommendation from this analysis is clear: There is no case in general or a priori 
to use 'overly lax' taxation for the exposed sector. This does not mean that it is 
always suboptimal to do so. There might be instances where preferential treatment 
of the exposed sector is to be preferred. But policy makers should be aware of the 
trade-off between pollution damage and production, and the effect of environ­
mental policy on the terms of trade. 
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Abstract. Compared to other areas of environmental policy there has been little 
research addressing the cost-effectiveness of biodiversity conservation policies. 
One important reason is that meaningfixUy applying the traditional neoclassical 
analysis of environmental policy instruments to conservation issues often requires 
combining it with ecological knowledge. The paper gives an overview of existing 
research which analyses cost-effectiveness issues of conservation policies integrat­
ing ecological and economic knowledge in models and outlines some research 
opportunities where ecological-economic models could be usefixUy applied in the 
fizture. Furthermore, the paper reflects on the integration of ecological and eco­
nomic knowledge in models with a particular focus on a topic that certainly com­
plicates co-operation between ecologists and economists but has received little 
attention so far and needs to be better understood if integration is to be improved: 
different modelling cultures in economics and ecology. 
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1 Introduction 

For many years there has been growing concern over the accelerated loss of biodi­
versity all over the world. The European Union has responded with a number of 
policy initiatives and by passing legislation. Prominent examples include the deci­
sion of the EU Heads of State at the Gothenburg Summit in 2001 to commit them­
selves to the goal of halting the loss of biodiversity in Europe by 2010, the Habi­
tats Directive^ and agri-environmental programmes targeted at biodiversity con­
servation. A substantial amount of research has addressed the issue of how the 
conservation goals expressed in the various policy initiatives and legislation can 
best be achieved. More recently, research has also tackled the issue of how ac­
ceptability of conservation policies can be raised, since the implementation of 
such policies has fi"equently encountered considerable levels of resistance. By 
contrast, very little research has dealt with the cost-effective design and imple­
mentation of conservation policies. This is surprising as conservation policies in 
Europe impose substantial opportunity costs on society in terms of foregone pro­
duction and consumption (cf Strijker et al., 2000, OECD, 2001). Research into the 
cost-effectiveness of environmental policies aimed at fields other than biodiversity 
also suggests that it may well be worthwhile analysing the potential for cost-
savings. One prominent example is the US Environmental Protection Agency's 
policy to reduce S02-emissions by using allowance trading, which could save 700-
800m USD annually compared to a command and control programme based on a 
uniform emission standard (Carlson et al., 2000). 

Why has environmental economic research so far neglected the cost-
effectiveness analysis of conservation policies? One important reason is doubtless 
that meaningfiiUy applying the traditional neoclassical analysis of environmental 
policy instruments to conservation issues often requires combining it with sound 
ecological knowledge. For many important issues central to the economic analysis 
of policy instruments, the necessary thorough understanding of the ecological 
effects of conservation measures can only be gained fi-om ecologists. However, 
although interdisciplinarity has become a buzz word, genuinely integrated re­
search between economists and ecologists is still rare. This is somewhat surprising 
as both disciplines share some common ground. 
1. They address the similar question of how to deal with scarcity. Plant and ani­

mal species try to maximise their reproductive success in the face of limited 
food resources while humans try to maximise their wants under a budget con­
straint (Settle et al , 2002). 

2. Both disciplines use mathematical models which ought to facilitate communi­
cation and the integration of knowledge between them. 

3. Economists and ecologists both aim to give decision support to policy makers 
and conservation managers. 
Very recently, the opportunities and potential benefits of co-operation between 

these two disciplines have been increasingly recognised, and a small but growing 

Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats 
and of wild fauna and flora. 
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body of literature has emerged which analyses cost-effectiveness issues of biodi­
versity conservation policies integrating ecological and economic knowledge in 
models (referred to as ecological-economic models hereafter). 

The aim of this paper is twofold. Based on an analysis of selected challenges of 
European biodiversity conservation policy its first aim is to provide an overview 
of the literature on ecological-economic models as far as they are relevant to the 
two main policy instruments in Europe^ (viz compensation payments for conserva­
tion measures and reserves) and to outline some research opportunities where 
ecological-economic models could be usefiilly applied in the fiiture to support 
conservation policies. However, for ecological-economic modelling to play an 
important role in the fiiture a better understanding of the barriers that have hin­
dered its development so far is required. Therefore, the second aim of the paper is 
to reflect on the integration of ecological and economic knowledge in models and 
analysis concentrating in particular on why this integration has not taken place on 
a broad scale. The focus will be on a topic that certainly complicates co-operation 
between ecologists and economists but has received little attention so far and 
needs to be better understood if integration is to be improved: different modelling 
cultures in economics and ecology. While our analysis of the different modelling 
cultures focuses on research related to biodiversity conservation, the results may 
also be relevant to other fields such as climate and water policy where co­
operation between economists and natural scientists seems to be potentially bene­
ficial. 

The paper is structured as follows: Section 2 provides some background infor­
mation about European biodiversity conservation policy while Section 3 gives an 
overview of existing ecological-economic models relevant to the cost-
effectiveness of this policy. This provides the basis for an analysis of fiiture policy 
challenges and resulting research requirements in Section 4. Section 5 discusses 
problems of integrated research focusing on differences between modelling tradi­
tions in economics and ecology. 

2 European Biodiversity Conservation Policy^ 

The purpose of this section is to provide some background information about 
European biodiversity conservation policy. It starts by outlining the threats to 
biodiversity which have led to the policy responses of compensation payments and 
reserves. Then, the main policy developments at the EU level related to these 
instruments are outlined and the challenges that these two instruments face in 
terms of their cost-effective design are briefly considered. 

3 

An example of research that integrates ecological and economic knowledge but is not 
directly relevant to European conservation policy is Pethig and Tschirrhart (2001). 
This section is based on Watzold and Schwerdtner (2005). 
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2.1 Threats to Biodiversity 

Most parts of Europe have been transformed by humans into what is often called 
cultural landscapes. This process began a few thousand years ago when humans 
started to clear the landscape for farming. In the Middle Ages, the area used for 
agricultural production was larger than it is today, and agricultural production was 
carried out in many different ways (three-field crop rotation, monasterial horticul­
ture, fish farming, various forms of animal husbandry, etc.). This development 
transformed a landscape originally largely covered with forests into a highly di­
versified structured landscape with the consequence that by the 19th century bio­
logical diversity in terms of habitat types and the number of species had substan­
tially increased (c£ Cox et al , 1973, Hampicke, 1991, Kaule, 1996). 

This trend was completely reversed during the course of the 20th century, when 
technological progress led to a change in agricultural production methods which 
transformed most of the diverse cultural landscapes into uniform agricultural land­
scapes. Intensive use of fertiliser and pesticides, the levelling of water levels and 
the destruction of natural and man-made landscape structures such as wet sinks, 
hedges and stone walls led to the destruction of many habitats, a process which is 
still ongoing (Hampicke, 1991). Halting this destruction is essential for European 
biodiversity. Given the above mentioned development agricultural land use has a 
key influence on biodiversity in Europe, and important parts of the biodiversity-
rich land in the EU continue to depend on low-intensity farming (Wiseman and 
Hopkins, 2001, Howe and Perkins, 2001). In other words, in order for a high 
number of endangered species to be conserved, farmers must regularly carry out 
certain traditional and biodiversity-fiiendly land-use practices to ensure the con­
tinuing existence of habitats necessary for the survival of these species. 

There are, however, many other endangered habitats and species that need re­
serves for their protection where human influence is limited. The extent of such 
limitations depends on the habitat or species to be conserved. An example of a 
species that requires undisturbed forest patches to breed is the black stork (Ciconia 
niger), while an example of a habitat that is negatively affected by human distur­
bance is raised bog. However, it should be noted that for the conservation of many 
endangered habitats and species, designating reserves is not sufficient by itself but 
has to be complemented by certain land-use measures. Thus, while in actual con­
servation management, the two policy options of designing reserves and carrying 
out biodiversity-enhancing land-use measures often complement each other, a 
clear distinction is drawn between them in the reminder of this paper for the sake 
of analytical clarity. 

2.2 Policy Responses from the EU 

Altering agricultural land-use for the benefit of biodiversity conservation is usu­
ally costly due to foregone agricultural production. Since the political will often 
exists that farmers should not be forced to make their land-use practices more 
conducive to biodiversity conservation, they have to be compensated for doing so 
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(Bromley and Hodge, 1990, Hanley et al., 1998). Furthermore, experience with 
the USA Endangered Species Act has shown that forcing owners of land with 
endangered species to undertake conservation measures may be counterproduc­
tive. It provides landowners with an incentive to undertake measures to eliminate 
these species on their land in order to avoid the burden of conservation costs rather 
than to undertake measures to conserve the species (Brown and Shogren, 1998, 
Innes et al., 1998). To induce farmers to carry out their production in a more envi­
ronmentally sensitive way, the EU has developed 'agri-environmental schemes' in 
which farmers are paid to adapt the management of (parts of) their farms to benefit 
biodiversity, the environment or the landscape while allowing a wide range of 
measures depending on the specific aim and the country/region (cf Kleijn et al., 
2001). Agri-environmental schemes have been developed under Regulations 
2078/92"^ and 1257/99^ and are mostly voluntary management agreements taking 
the form of state-farmer contracts (Van Huyelenbroek and Whitby, 1999). 

The main important instruments to protect Europe's natural habitats and endan­
gered species are the Birds Directive^ and the Habitats Directive. The Birds Direc­
tive focuses solely on the protection of birds and their natural habitats, and calls 
for the establishment of protected areas to ensure their conservation. The Habitats 
Directive aims to protect European natural habitats and endangered species as a 
whole. Taken together, the two directives are designed to create a coherent net­
work of protected areas in Europe (NATURA 2000). Both directives had to be 
transposed into national law and implemented by each member state. The criteria 
for the selection of protected areas are based solely on ecological aspects, though 
measures taken pursuant to these Directives must take into account economic, 
social and cultural requirements. 

2.3 Cost-Effectiveness of Conservation Policies 

One important criterion that should be taken into account when implementing 
conservation policies such as NATURA 2000 and agri-environmental schemes is 
cost-effectiveness. Cost-effectiveness requires compensation payments for con­
servation measures to be designed such that the combination of individual conser­
vation measures is chosen which achieves a given conservation aim (for example 
ensuring a certain survival probability of an endangered species) at least cost. 
Similarly, cost-effectiveness requires the selection of individual areas and their 
designation as reserves such that for a given conservation aim the costs are mini-

Regulation (EEC) No 2078/92 of 30 June 1992 on agricultural production methods 
compatible with the requirements of the protection of the environment and the main­
tenance of the countryside. 
Regulation (EC) 1257/1999 of 17 May 1999 on support for rural development from 
the European Agricultural Guidance and Guarantee Fund (EAGGF) and amending 
and repealing certain Regulations. 
Council Directive 79/409/EEC of 2 April 1979 on the conservation of wild birds. 
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mised.^ ^ The reason why the costs of achieving a certain conservation aim may 
vary is that both costs and benefits may be subject to spatial and temporal varia­
tions. The cost of conservation measures and of areas to be designated as reserves 
may differ in space, because opportunity costs do (e.g. due to the spatial variation 
of soil quality for agriculture). Spatial differentiation of (ecological) benefits may 
be caused by variations in habitat quality (e.g. food abundance or the existence of 
safe nesting sites) for the species concerned. Costs may vary over time due to 
changing opportunity costs of foregone economic development. Variations in 
benefits arise if the ecological effects of a conservation measure depend on exactly 
when the measure is carried out (e.g. the fauna and flora of a mowed meadow 
depend strongly on the exact mowing date). 

The knowledge of the ecological effects of conservation measures and reserve 
designation needed by economists to meaningfiiUy make recommendations re­
garding the cost-effectiveness of conservation policies requires the economic 
analysis of environmental policy instruments to be combined with ecology. 
Mathematical models (ecological-economic models) are a promising tool for this 
integration. 

3 Ecological-Economic Models to Analyse the Cost-
Effectiveness of Conservation Policies 

In this section we provide an overview of ecological-economic models developed 
to analyse the cost-effectiveness of conservation policies relevant to a European 
context. To our knowledge, only a few ecological-economic models relevant for 
this purpose exist. We distinguish between two types of models: conceptual mod­
els aimed at generating general insights into the interplay between ecological and 
economic systems and the importance of the various parameters that determine the 
cost-effectiveness of conservation policies and applied models developed for spe­
cific situations which are more directly relevant to the implementation of particu­
lar conservation policies. 

Given the paper's focus on ecological-economic models we are interested here only 
in the 'production costs' of biodiversity. A more comprehensive definition of cost-
effectiveness may also take into account monitoring, enforcement and decision mak­
ing costs (see Bimer and Wittmer, 2004 and Watzold and Schwerdtner, 2005). 
An equivalent definition of cost-effectiveness is that for given costs a conservation 
aim is maximised. Which definition is appropriate depends on the political circum­
stances. For example, in a situation where a conservation aim is given and we are in­
terested in the least cost option to achieve this goal, the definition in the main text is 
appropriate. 
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3.1 Conceptual Models 

Research addressing the cost-effective allocation of conservation measures and 
reserves in space and over time on a conceptual level integrates ecology into the 
economic analysis in a variety of ways: (1) it takes up ideas and concepts devel­
oped in ecology to build an ecological benefit function which then is integrated 
into an economic model; (2) is the same as (1) with the exception that the benefit 
function is explicitly deduced from ecological theory or from ecological model­
ling; or (3) it integrates economic parameters into an approach developed in ecol­
ogy for conservation management. 

One prominent example of the first approach is the research by Wu and Bogess 
(1999) who adopt the idea of ecological thresholds (caused by cumulative effects) 
from ecology and analyse how an ecological benefit function that takes thresholds 
into account influences the spatial allocation of conservation funds^. One impor­
tant result of their analysis is that given the existence of thresholds and a limited 
budget, the optimum approach is to concentrate funds in one region in order to 
exceed the threshold instead of allocating funds evenly among different regions. 

The second approach is chosen by Drechsler and Watzold (2001) who derive 
the ecological benefit function from general quantitative ecological models (e.g. 
for the relationship between species survival and habitat area depending on spe­
cies-specific parameters). In a model with two regions they systematically exam­
ine how the budget size, the shapes of the cost fimctions and the shapes of the 
benefit functions affect the cost-effective spatial allocation of a conservation fiind. 
Their findings include that if in both regions the benefit function increases with 
habitat area slightly more than proportionally and if marginal costs only rise 
slowly, a small increase in conservation ftmds may require a significant realloca­
tion of funds between the two regions. The reason is that if the total area that can 
be used for conservation is below a certain threshold, it should be allocated to the 
region with the larger initial amount of habitat area, but as soon as one additional 
unit of land can be transformed into habitat, even allocation between the two re­
gions becomes cost-effective. 

In an extension of their model, Watzold and Drechsler (2002) examine the effi­
ciency losses that arise if the criterion of cost-effectiveness requires spatially het­
erogeneous compensation payments but other aspects such as equity concerns or 
legal barriers prevent a differentiation. Although the question of efficiency losses 
of spatially uniform environmental policy instruments had been addressed previ­
ously by Kolstad (1987) and Babcock et al. (1997), the applicability of this re­
search to biodiversity conservation is limited as their benefit functions cover only 
a fraction of the possible benefit functions relevant to biodiversity conservation. 
Watzold and Drechsler examine efficiency losses of uniform compensation pay­
ments for different types of cost and benefit functions and show that such losses 
can vary from 0 to almost 100%. 

Although Wu and Bogess (1999) do not explicitly address compensation payments, 
their research is still relevant for this instrument as it improves our understanding of 
the relevant factors that determine the spatial allocation of conservation measures. 
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Ando et al. (1998) integrate economic costs into an ecological approach to se­
lect reserve sites and thus choose the third above-mentioned way of integrating 
ecological and economic knowledge. A typical approach in ecology of selecting 
reserves is to cover the maximum number of species given a constraint on the total 
number of sites that can be included. Implicit in this selection procedure is the 
assumption that establishing a reserve at each potential reserve site costs the same. 
Taking into account costs Ando et al. applied a budget-constrained reserve selec­
tion approach where a set of selected sites is only a feasible reserve system if the 
sum of the costs of the selected sites (average land value by county for the United 
States was used as cost indicator) is less than or equal to the conservation budget. 
Ando et al. compared the costs of covering the same number of species under both 
the budget-constrained and the site-constrained approaches and found that the 
costs of achieving a given level of species coverage were far lower with the 
budget-constrained approach. 

Conceptual research on the temporal aspects of the cost-effective design of 
conservation policies has received less attention than research on their spatial 
aspects. Drechsler and Watzold (2003) analyse a situation where the survival of an 
endangered species depends on carrying out certain types of conservation meas­
ures on a regular basis, yet due to uncertain political commitment, the possibility 
of an economic downturn or fluctuating donations to NGOs active in conservation 
management, the periodical availability of a budget to compensate landowners for 
such measures cannot be guaranteed. An option to insure against future under-
funding is to save money for conservation in later periods. Given the aim of 
maximising the long-term survival of an endangered species, it has to be decided 
in each period whether the money available should be spent now or saved for 
future use. The results indicate that the optimum course of action is to spend the 
same amount of money in each period if possible. This requires a certain amount 
of precautionary saving to insure against future underfunding. Similar to the other 
research mentioned by these authors, the ecological benefit function, i.e. the rela­
tionship between the population extinction risk and conservation measure in a 
particular period, is derived from an ecological model. 

The conceptual ecological-economic models described provide valuable in­
sights into the interaction of ecological and economic factors relevant to the cost-
effectiveness of conservation policies and the relative importance of the various 
parameters on an abstract level. However, providing decision support for actual 
conservation policies requires the development of more applied models. 

3.2 Applied Models 

One of the most challenging questions to be addressed when developing applied 
ecological-economic models to support conservation policies is how to generate 
and integrate quantitative knowledge of the relevant economic and ecological 
parameters. Oglethorpe and Sanderson (1999) combine an ecological and an eco­
nomic model to assess the conservation benefits and costs of various agri-
environmental policies. The ecological model determines the effect of changes in 
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agricultural management on various plant communities depending on site-specific 
characteristics such as soil type, rainfall, gradient and altitude, while the economic 
model is able to calculate the costs of the management changes for farmers. Al­
though the combined ecologic-economic model illustrates how a simultaneous 
evaluation of costs and benefits of conservation measures can be achieved, it does 
not address the issue of how to allocate conservation measures cost-effectively. 

Hanley et al. (1998) go one step further in this direction by calculating compen­
sation payments to protect Scottish heather moorland fi'om degeneration into 
grassland through overgrazing by sheep. For this ecosystem an ecological model 
predicts the site-specific (depending for instance on altitude) amount of vegetation 
produced as well as the amount of biomass taken up by the sheep. For a selection 
of farms in the Shetland Islands this is used to determine the site-specific maxi­
mum stocking rate that will prevent overgrazing and is thus compatible with 
moorland conservation. To calculate the costs of the necessary stocking rate re­
ductions on a farm-by-farm basis and hence the necessary compensation pay­
ments, a linear programming model is constructed. One result of the analysis is 
that the necessary compensation payments significantly differ fi'om one farm to 
the next, suggesting that the spatial differentiation of compensation payments may 
be important in terms of cost-effectiveness. 

To quantitatively determine cost-effective compensation payments for species 
protection, Johst et al. (2002) develop a numerical optimisation procedure. How 
this procedure fixnctions is illustrated through the development of a compensation 
payment scheme to protect the white stork (Ciconia ciconia). The effects of con­
servation measures (mowing of meadows at certain pre-specified dates) on the 
stork population are calculated with an ecological simulation model and the costs 
are assessed via a survey of farmers. The quantitative data on costs and benefits 
are used as input parameters in the optimisation procedure, which calculates the 
cost-effective payments (differentiated in space and over time) in a hypothetical 
landscape for a range of conservation budgets. 

To increase the practical applicability of the described approach, considering a 
conservation problem in a real landscape and replacing the economic survey by a 
model-based cost assessment are desirable. Drechsler et al. (2004) develop a land­
scape-based ecological-economic model for the conservation of an endangered 
butterfly species of the genus Maculinea near the town of Landau in the Rhine 
Valley, Germany. The butterfly resides on meadows whose suitability for them 
depends on the mowing regime (characterised by the fi*equency of mowing and the 
mowing week). A total of 112 different mowing regimes are considered and their 
effect on the Maculinea population assessed via an ecological simulation model. 
The costs of each mowing regime per meadow are calculated with a linear pro­
gramming model. The required landscape information is gathered through expert 
interviews and satellite images and stored in a Geographic Information System 
(GIS). The model is able to determine the cost-effective mowing regime and the 
corresponding compensation payment as a fiinction of the available conservation 
budget. 

Wu and Skelton-Groth (2002) use a case study to illustrate the extent to which 
conservation fiinds may be misallocated when threshold effects are ignored. Their 
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example is investment in riparian vegetation that reduces the stream temperature 
necessary for salmon restoration in the Pacific Northwest. They find that signifi­
cant environmental benefits may be lost if conservation funds are distributed 
equally and not primarily directed at those streams where thresholds exist, i.e. 
where a small reduction in the stream temperatures is enough to produce a suitable 
habitat for the cold-water fish targeted. 

The conceptual framework developed by Ando et al. (1998) to integrate eco­
nomic and ecological aspects in the selection of reserves was applied by Polasky 
et al. (2001) to the problem of terrestrial vertebrate conservation in Oregon, 
United States. Focusing on one single state rather than on a nationwide level en­
ables more detailed data to be gathered and patterns to be analysed at a finer geo­
graphic scale, which allows a more realistic picture of the possible cost-savings to 
be obtained than with the approach proposed by Ando et al. (1998). The results 
support the notion that significant cost-savings can be achieved by applying the 
budget-constraint approach rather than the site-constraint approach. For example, 
for a certain range of species coverage cost savings of up to 90% may be achieved 
with the budget-constraint approach compared to the site-constraint approach. 

4 Selected Policy ChaUenges and Future Research 

The research described in Section 3 has significantly improved our understanding 
of how the cost-effectiveness of compensation payments and reserves can be en­
hanced in various respects. However, a number of important issues and challenges 
have not been addressed. In the following we look at a selection of such issues and 
challenges that arise from (I) developments in environmental policy, (II) economic 
development and (III) scientific research. 
1. Over the last decade, the development and implementation of a growing 

amount of environmental policies can be observed. An important challenge for 
policy making and thus research arises through the fact that these policies inter­
act, complement and sometimes contradict each other (Loske, 2004). This de­
velopment is also relevant for biodiversity conservation and here, particularly 
to the instrument of compensation payments. So far, research on the cost-
effectiveness of compensation payments has mostly been concerned with the 
conservation of a single or two species on a regional scale. This was a useful 
initial step to develop an understanding of how ecological and economic 
knowledge can be combined to analyse the cost-effectiveness of compensation 
payments. However, conservation policies in one region are rarely limited to 
the conservation of an individual species but are aimed to protect many differ­
ent species and/or habitats. Furthermore, in the context of agriculture, many 
compensation payment schemes directed at environmental targets other than 
biodiversity exist, that nevertheless have a positive or negative effect on biodi­
versity. Examples include policies to support the production of plants for bio-
fuel and policies to improve the quality of groundwater through a reduction in 
fertilizers and pesticides. So far, our knowledge about the cost-effectiveness of 
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compensation payments to conserve biodiversity in the context of policy in­
struments targeted at other environmental goals but affecting biodiversity is 
very limited and needs to be improved. 

2. One important policy challenge with respect to the designation of reserves is 
that in a dynamic world with spatially heterogeneous economic development 
the opportunity costs of reserves may change over time. This implies that a re­
serve site selection that was cost-effective at one point in time may not neces­
sarily be cost-effective later on. It would be interesting to explore whether a 
mechanism such as a tradable habitat system can be found that enables the po­
tential cost-savings that arise in a dynamic world as the opportunity costs of re­
serves change to be exploited. Obviously, such research can only be carried out 
in collaboration with ecologists, as only ecologists can identify the conditions 
that ensure that reserves are of equal value in terms of conservation and can 
thus be traded. A starting-point for fruitful research may be the concept of dy­
namic ecological networks, which has been developed in ecology. Ecological 
networks are a spatially arranged set of ecosystems of the same type which are 
linked within a spatially coherent system. The key feature of the networks is 
that they can have different spatial configurations and still be of the same value 
for conservation (Opdam et al., 2004). This allows flexibility in terms of the 
spatial structure and, therefore, a potential for trading exists. 

3. Further need for future research may come not from political and economic 
developments but from innovations in ecological research. The essential ele­
ment that led to improvements in understanding cost-effectiveness issues of 
conservation policies was the integration of neoclassical analysis of policy in­
struments with state-of-the-art ecological knowledge. This has only been done 
to a limited extent so far, and continuing this approach may generate new 
knowledge which will enable us to further improve our understanding of the 
cost-effectiveness of conservation policies. For instance, the metapopulation 
concept is extensively discussed in ecology (see e.g. Hanski, 1999) but we 
know little how it affects the cost-effectiveness of conservation policies. It re­
mains to be explored which other new findings in ecology ought to be inte­
grated in the economic analysis of policy instruments to enhance our under­
standing of the cost-effectiveness of conservation policies. However, such inte­
gration can only take place on a broader scale, if we know what barriers exist 
for the integration of ecological and economic knowledge in models. 

5 Different Modelling Cultures as a Barrier for Ecological-
Economic Modelling 

In discussions about the integration of research from the natural and social sci­
ences, a number of reasons have been listed that make such integration difficult. 
They include the lack of publication opportunities for integrated research and 
limited career opportunities for those involved in integrated research (c.f Klepper, 
2004). However, one reason that complicates co-operation between ecologists and 
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economists has so far received little attention: different modelling cultures in eco­
nomics and ecology. This reason is analysed in more detail below. 

5.1 Different Modelling Cultures in Economics and Ecology 

Economics and ecology use mathematical models as a tool for their analysis. At 
first glance, this would appear to facilitate the integration of knowledge from both 
disciplines. However, while some collaborative research has clearly been fiiiitful, 
other researchers report significant problems of communication and difficulties in 
finding a common approach when it comes to co-operating with colleagues fi'om 
the other discipline. One important reason behind these difficulties seems to be 
different modelling cultures. When economists talk about a 'model' they generally 
have something else in mind than ecologists. Of course, some overlaps exist be­
tween modelling traditions in economics and ecology, and it should not be forgot­
ten that within each discipline there are also often different perceptions of model­
ling. However, as far as the majority of modellers and models are concerned, there 
seem to be differences which allow a distinction between the 'typical' modelling 
approaches of the two disciplines. These differences concern (1) the way the mod­
els are formulated and solved; and (2) different consideration of real world phe­
nomena such as time, space and uncertainty. 

5.2 Analysing the Differences 

To better understand these differences, we carried out a literature survey and com­
pared predominantly economic and predominantly ecological models as well as 
models that integrate knowledge fi'om economics and ecology (ecological-
economic models).^^ In ecology, the following four leading conservation journals 
were evaluated: Biological Conservation, Conservation Biology, Ecological Ap­
plications, and Journal of Applied Ecology}^ From the years 1998-2003, all pa­
pers with the words 'model' or 'model(l)ing' in either the title, abstract or key 
word list were filtered. From the resulting approximately 800 papers, 30 were 
selected randomly for detailed evaluation. Papers presenting descriptive, statistical 
models were not selected because similarities in statistical methods might mask 
differences between ecological and economical models. Of the economics journals 
Ecological Economics^^, Environmental and Resource Economics, Journal of 
Environmental Economics and Management, and Land Economics were chosen. 

A comprehensive description of the evaluation can be found in Drechsler et al. 
(2004). 
Please note that models in applied and theoretical ecology are different and that we 
have chosen journals that focus on applied ecology. 
Ecological Economics considers itself to be a transdisciplinary journal rather than an 
economic one. It was nevertheless chosen because it contains a large number of 
purely economic models related to biodiversity conservation. 
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From the years 1998-2003, all papers quoting biodiversity, conservation, nature 
protection or species in the abstract or title and applying a mathematical modelling 
approach were selected. A total of 162 articles were found. As with the ecology 
journals, 30 were selected at random, with statistical and econometric models 
being ignored. All 60 selected papers were evaluated according to criteria which 
are explained below. The criteria were chosen to identify the disciplinary approach 
of the models and to capture essential differences in their structure, design and 
orientation. 

With respect to disciplinary approach, we distinguish three different types: pre­
dominantly ecological, predominantly economic, and ecological-economic. The 
problem with this classification is that it is difficult to draw a line between a * dis­
ciplinary' model and an 'ecological-economic' model. A certain number of the 
papers reviewed are clearly dominated by one discipline but contain some ele­
ments fi'om the other (e.g. an ecological paper which contains a cost analysis as a 
sub-component of an otherwise ecological model). However, classifying such a 
model as 'ecological-economic' would be inappropriate as knowledge fi'om the 
non-dominant discipline is only taken into account to a very limited extent. In­
stead of a clear distinction between disciplinary and ecological-economic models, 
there is evidently a continuum and an arbitrary line has to be dravm somewhere. 
Bearing this in mind, we chose a two step approach to distinguish between the 
different types of models. In the first step, we differentiated between purely disci­
plinary models which do not contain any knowledge from the other discipline and 
other models. In the second step, we screened the papers containing models of the 
latter type and classified those as ecological-economic when references were made 
to journals from both disciplines. We excluded references to general journals such 
as Science or Nature, as well as to journals which are mixed by their very nature 
such as Ecological Economics. According to these criteria our sample consists of 
30 ecological, 12 economic and 18 ecological-economic models. 

5.3 Model Formulation, Solution and Complexity 

One important difference between ecological and economic approaches to model­
ling may be the way the model is formulated and how the model results are ob­
tained. We make the following distinctions: The formulation may be analytical 
(the model is completely described by equations), or algorithmic (flow charts or 
if-then rules are needed to describe the model). The results of analytical models 
are obtained either anal5^ically (e.g. by solving equations for equilibrium solu­
tions), numerically (e.g. by determining eigenvalues in a matrix model), or 
through simulation (e.g. by simulating the dynamics of a population time step by 
time step); algorithmic models are always run on a computer, i.e. they are solved 
through simulation. Numerical methods are distinguished from simulations by the 
fact that simulations try to mimic a real process whereas numerical methods ap­
proximate analytical solutions of analytical models. 
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Fig. 1. Percentage of reviewed economic and ecological papers that have an analytical or 
algorithmic formulation (a) and are solved analytically, numerically, or via simulation (b) 
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Fig. 1 shows the approach of the two disciplines in formulating and solving 
models. Whereas all economic models in our sample are formulated analytically, a 
significant proportion (28%) of the ecological models is formulated algorithmi-
cally. This means that there is some common ground between ecology and eco­
nomics in the form of anal3^ical modelling, but that one approach - algorithmic 
modelling - that is quite common in one discipline seems to be non-existent in the 
other. Even larger differences exist regarding the solution techniques applied in 
the two disciplines. The papers sampled with the economic models are solved 
exclusively analytically, whereas only a comparatively small fraction of the eco­
logical models (18%) choose this approach. The large majority of the ecological 
models are solved either numerically (31%) or through simulation (51%). 

The reason for the use of algorithmic models in ecology may be that ecological 
processes can often be more conveniently modelled and communicated by rules 
rather than mathematical equations. The high proportion of simulations in eco­
logical models may be explained by the explicit consideration of stochasticity and 
spatial location in ecological models (see below). These are crucial elements in the 
understanding of ecological processes and usually make a model analytically 
intractable, such that ecologists have to refer to simulation. An alternative expla­
nation for the different types of model formulation and solution might be that 
economic models tend to be of a general nature (see below), designed to answer 
questions in a general maimer, while ecological models tend to be more specific 
which again makes models analytically intractable. Altogether, be it attributable to 
a difference between the systems studied or a difference in the modelling purpose, 
there are significant differences in how models are formulated and solved between 
the two disciplines of ecology and economics. 

Closely related to how the models are formulated and solved is the level of 
generality that the models aim at. We distinguish between models that try to ex­
plain general phenomena and models designed for specific situations. We classify 
the models by the data used in them: General models may be completely hypo­
thetical or use observations and data to exclude unrealistic settings, but the models 
are not parameterised for specific cases; by contrast, specific models use data 
related to specific situations. Both of these criteria are evaluated independently, 
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because some papers include both, a general model and an application of it to a 
specific situation. 

Fig. 2. Percentage of reviewed economic, ecological and mixed (i.e. ecological-economic) 
models that address general or specific problems. Note that a model may address both kinds 
of problems 
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Models that are formulated and solved analytically usually imply a rather gen­
eral approach. The emphasis on such models in economics is therefore reflected 
by the fact that nearly all economic models (92%) are of a general nature (Fig. 2). 
However, approximately one third of the models (34%) are also specific. Here, 
some real world data are usually inserted in the model and the model is used to 
explain, predict or analyse a certain empirical phenomenon. By contrast, in ecol­
ogy only 41% are general models, whereas a large majority (82%) have a specific 
character. A large majority of ecological-economic models have a general (88%) 
but a large majority have also a specific character (79%). Once again, we see that 
the prevalent modelling approach is different in economics and ecology. 

Table 1. Mean and standard deviation of parameters in different model types 

Model Type Mean Standard Deviation 
Ecological 16.5 
Economic 8.8 

16.2 
2.1 
7.7 

Modelling approaches in economics and ecology may differ in terms of the 
model's complexity. An obvious indicator of model complexity is the number of 
parameters. A parameter may be defined as a number mediating the relationship 
between state variables. Parameters are constant during the run of a model or for 
the analysis of a certain model scenario. We found that the number of parameters 
is on average higher in ecological (16.5) than in ecological-economic (11.9) and 
economic (8.8) models (Table 1). 

The main reason for the difference between ecological and economic models 
regarding the mean number of parameters is that the sample contains some very 
complex ecological models with a huge number of parameters (8 out of the 30 
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ecological models have more than 30 parameters and 6 more than 50 parameters, 
whereas none of the economic models has more than 15 parameters). But as a 
significant proportion of the ecological models have a relatively small number of 
parameters (14 ecological models have no more than 10 parameters) it would be 
wrong to conclude that the complexity of ecological and economic models is dif­
ferent from the outset. Instead, a certain class of complex models with a high 
number of parameters is used in ecology which is not common in economics. 

5.4 Modelling Uncertainty, Time and Space 

Often, modelling faces the challenge of having to deal with uncertainties of vari­
ous types. These can be modelled and considered in a number of ways. While a 
detailed review and comparison of these approaches is beyond the scope of the 
present paper, differences between the two disciplines aheady emerge when we 
look at whether uncertainty is taken into account at all. This is the case for 50% of 
the economic models sampled. By contrast, in a clear majority of ecological-
economic models (66%) and in nearly all ecological models (97%) uncertainty is 
considered explicitly. Besides uncertainty, the consideration of time and space are 
decisive characteristics of a model. 

We differentiate between dynamic and static models. In a dynamic model, time 
is explicitly introduced as a variable, whereas this is not the case in a static model. 
In order to classify a model as a dynamic model the state variable(s) has/have to 
be calculated for different points in time in a single model run. Half of the eco­
nomic models (50%) are static. In all the other models dynamic aspects are taken 
into account using abstract time scales such as periods. A different picture 
emerges when the ecological models are considered with 10% of these models 
being static and 90% dynamic. Only 6% of the ecological models use an abstract 
time scale but 84% a physical one (e.g. days, years). 

We distinguish between three classes of models where space is taken into ac­
count to varying degrees. For a model to be considered as 'spatially explicit', state 
variables must exist which explicitly refer to space, i.e. coordinates in the land­
scape. This includes topological relations (e.g. neighbourhood), distances and 
distance-dependent interactions between state variables at different locations being 
explicitly taken into account. Typical examples include cellular automata with for 
example next neighbour interaction. In a 'spatially differentiated' model, parame­
ters differ between patches of land. However, the location of the patches is not 
considered. Examples include economic models with two or more regions, whose 
locations are irrelevant in the analysis, and in particular, whose interactions are not 
distance-dependent. Models that do not consider space explicitly belong to the 
third category. Most of the economic models (83%) do not explicitly consider 
space. If space is considered, only spatially differentiated models are applied. By 
contrast, a significant share of ecological models (34%) is spatially explicit. A 
smaller percentage is spatially differentiated (13%) while 53% of the models do 
not explicitly consider spatial aspects. Again we observe that although some over-
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lap exists between economic and ecological modelling approaches, in ecology 
there is a certain approach which is obviously not common in economics. 

To sum up, while some conmion ground exists significant differences are to be 
observed in the modelling approaches of the two disciplines of economics and 
ecology. Generally speaking, economic models tend to be general and are formu­
lated and solved analytically whereas ecological models tend to be specific and, 
- while the majority of models are formulated analytically - a significant minority 
is formulated algorithmically. In addition, the ecological models that are formu­
lated analytically are largely solved numerically and through simulation. Another 
important difference between the two disciplines is that ecological models explic­
itly take into account time, uncertainty and space to a much larger extent than 
economic models. The way time and space are taken into account is also different 
in economic and ecological models. In contrast to economic models, ecological 
models use a physical time scale more often than an abstract time scale. Moreover, 
ecological models are often spatially explicit, an approach which does not exist in 
the economic models of our sample. The differences between ecological and eco­
nomic models found in the literature survey may well explain why it is often diffi­
cult for economists and ecologists to communicate and co-operate. It remains a 
task for further research to explain why these differences exist and the extent to 
which they can be overcome with a view to further stimulating ecological-
economic modelling. 

6 Summary 

The first aim of this paper was to provide an overview of the state-of-the art of 
ecological-economic modelling regarding the cost-effectiveness of biodiversity 
conservation policy and to outline some research opportunities relevant to Euro­
pean conservation policy where ecological-economic modelling may be usefully 
applied in the future. We found that ecological-economic modelling has already 
significantly improved our knowledge about the cost-effectiveness of compensa­
tion payments for conservation measures and reserves as the two main instruments 
of European biodiversity policy. Other usefiil applications of ecological-economic 
models could concern analysing the cost-effectiveness of compensation payments 
to conserve biodiversity in the context of policy instruments targeted at other 
environmental goals but affecting biodiversity, and the development of policy 
instruments that are able to ensure the cost-effectiveness of reserves in a dynamic 
environment. Additional challenges for the application of ecologic-economic 
models may come from innovations inside ecology which could improve our un­
derstanding of the cost-effectiveness of conservation policies if they are integrated 
in the economic analysis of policy instruments. The second aim of the paper was 
to reflect on the integration of ecological and economic knowledge in models with 
a particular focus on different modelling cultures in economics and ecology. We 
found that economic and ecological models do indeed differ in important respects 
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implying that more research is needed to understand why these differences exist 
and what can be done to overcome them. 
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Abstract. Congestion, environmental and health problems are all rising in the 
transport sector. This article focuses on the contribution of economics, particularly 
environmental economics, to the analysis, and in particular to the quantitative 
analysis of transport systems and transport policy in tackling such problems. Start­
ing out with a historical review of transport perspectives, the importance of both 
overall coherence as well as the time period it may take for a particular vision to 
materialise are then illustrated. Promising current research issues are identified, 
and related developments in quantitative modelling and data availability are dis­
cussed. 

1 Introduction 

"In contrast to substantial progress in reducing emissions in many sectors of the 
economy, environmental damages caused by traffic have increased in the past few 
years due to a rise of passenger and freight traffic combined with a shift towards 
motorised road transport."^ 

In explaining why this has occurred, we take a step back to analyse grand, basic 
trends in transport, which are found to originate in the interlinkage between spatial 
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planning and transport systems. Transport demand is derived demand, and 
changes arising in reaction to policy are thus often more complex than those aris­
ing in the consumption of other goods of more direct interest. Our analysis of the 
transport system framework, and of people's early visions for transport develop­
ment, takes account of such complexity. 

The objective of this article is to investigate which types of research input can 
illuminate policy design and thus facilitate the development of solutions and pro­
mote improvements for the future. 

The structure of this article is as follows. In Section 2 we investigate in very 
basic terms how the science of (environmental) economics can illuminate trans­
port policy analysis in general. 

Historically, specific transport visions and - ia pre-TV and pre-intemet times -
their respective presentations, particularly at World Fairs, have proven to be 
strong indicators for future development. In Section 3 we look into these visions, 
and analyse how they came about and why they came to dominate. One question 
turns out to be why spatial planning, and even more so city planning, developed so 
as to accommodate car use so extensively. 

Section 4 takes up this line of thought and applies it more directly to the science 
of economics again: What can economics contribute to the generation of a more 
consistent vision - now - for our future? What can it contribute to policy instru­
ment analysis? 

In examining specific policy design and implementation, for the remainder of 
the article we turn our attention to questions of quantitative analysis. Our outline 
of future quantitative transport policy modelling proceeds in three steps. First, in 
Section 5 we identify some promising research areas. Second, in Section 6, we re­
late recent model developments, with a focus on (spatial) computable general 
equilibrium modelling, to each of these issues. Third, we identify the major issues 
in data (non)availability. A final section summarises the main conclusions. 

2 Environmental Economic Analysis in Transport Research 

The economic analysis of transport systems and transport policy is increasingly 
drawing on environmental economics. Both main strands in the historical devel­
opment of environmental economics, the neoclassical approach, with its focus on 
the concept of externalities and reshaping of incentive systems by price correction, 
and the material balance approach, with its focus on physical flows of energy and 
material inputs and emission outputs, lend themselves easily to analysis in the 
field of transport. 

One forum of analysis simply entails extending the standard environmental-
economic approach to include transport goods, and then modelling the latter's 
production and consumption characteristics, and the physical flows they are con­
nected to. 

The question soon arises, however, as to whether the field of transport differs 
substantially fi-om other fields of application in environmental economics, say en-
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ergy. The authors of this article argue below that considerable differences do in 
fact exist. 

2.1 Degrees of Freedom and Time Horizon in Transport Systems 

In the "first" field of environmental economics, energy economics, we learned the 
importance of considering the service perspective of energy, i.e. that we are not in­
terested in consuming primary energy itself, but rather in the heat services it pro­
vides, e.g. keeping a certain room volume at a specified temperature. The latter 
can be achieved by a large array of technological options, including insulation and 
other demand side adjustments. 

A similar change in perspective is happening in transport economic analysis. 
Ultimately it is the service of access that humans look for in consumption and 
production. It is not a particular amount of physical movement ("transport flow"), 
but rather access to goods, services, and people, that is in actual demand. 

What seems considerably different between these two examples is the "degrees 
of freedom" that determine the extent to which physical flows are connected to 
one service unit of consumption. With respect to energy services, the following 
factors basically determine the amount of physical input flows and emission levels 
of the energy system: 
- the parameters that determine how much energy is needed to provide a specific 

energy service (e.g. level of insulation), 
- efficiency of the technological energy transformation process, 
- the choice (or mix) of the primary energy source(s), and 
- overall production and consumption level. 

Similarly, with respect to access services, we find that the following factors de­
termine the physical (and energy) input flows and emission levels of the transport 
system: 
- the parameters that determine the amount of physical transport needed in gain­

ing access, such as 
- spatial distribution of home relative to work 
- spatial distribution of production sites 
- spatial distribution of home relative to consumption locations 

- efficiency of the transport system 
- the choice (or mix) of transport mode(s), and 
- overall production and consumption level. 

We see that in both cases the last three issues may be of roughly identical com­
plexity, but not so the first category stated for each field. Here, the parameters that 
determine how much (physical) transport is needed for the establishment of a par­
ticular access level are considerably more complex. The whole spatial structuring 
of activities, governed by land-use regulations, land rents, historical availability of 
infrastructure etc. determine how much physical mobility is necessary to ensure 
access. 
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There also seems to be a bias towards a longer time horizon for investments de­
termining transport for unit access (housing location, mode shares in transport in­
frastructure) compared with those needed for energy services, e.g. type of housing 
energy systems, or insulation. Energy systems within a given residential building 
are renewed over a roughly 20-year cycle, whereas the development of e.g. hous­
ing and residential areas involves a much longer time horizon. 

We thus have a stronger "stock effect" in the transport field, where the term 
"stock" is used to refer to the interdependent systems of transport infrastructure, 
spatial structure of land use, and spatially bound investments by households and 
firms. 

2.2 The Access Service Perspective Reconsidered 

Normative economic analysis uses an ordinal or even cardinal scale to measure the 
relative superiority of one state of the world over another. With reference to this 
scale policy suggestions can then be given. In energy policy analysis, the scalar 
definition of heat services seems straight forward: Service supply is sought to be 
supplied with as little detriment to the environment and health as possible, with a 
clear trade-off existing between these factors. 

In transport, the definition of access service is the most basic approach to be 
used in measuring benefits, where a similar trade-off, this time between access 
service and detrimental impacts of transport production, is seen. The difference, 
however, lies in the number of ways available for providing access, which are fiir-
ther determined in a broader and more long-term way than is the case for energy 
service supply. 

For example, one could think of transport systems where each household uses 
only private cars for consuming "access", and the corresponding sprawl in housing 
areas necessary to ensure sufficient and cheap parking space. The motorised trans­
port volumes required to ensure access to work, daily supply, and leisure facilities 
would then turn out to be very high. 

One could also think of a densely populated area where access to work, daily 
supply and leisure locations is (only) possible by walking or public transport. The 
total transport volumes necessary to ensure access would easily turn out to be 
much lower than in the first case.^ 

The reader interested in a fuller discussion of the transport service concept may also 
wish to consult Steininger (2002a). 
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3 Visions in Transport - A Historical Review 

3.1 Visions in Transport 

Experience gained over the last century and beyond tells us that some early vi­
sions of the future did in fact have a significant impact on actual outcome. In the 
analysis below, we examine a few such visions for transport and attempt to present 
meaningful conclusions. 

Changes in the mobility structure, i.e. increasing car traffic, new transport tech­
nologies etc., took place first of all in the (big) cities and only later gained ground 
on a more general scale. New (transport) technologies usually develop in agglom­
erations, where the respective financial and intellectual resources are more easily 
at hand. The drivers of change in mobility structures include changes in the spatial 
structure (e.g. industrialisation, suburbanisation) and in life style, to mention only 
the most important. 

The bad hygienic conditions prevailing in the often densely populated city areas 
of the 19^ and early 20*̂  century inspired urbanists, economists and hygienists to 
ameliorate living conditions by improving technology (e.g. in transport technol­
ogy, the shift fi-om horse to car, in energy technologies and housing) and in chang­
ing the spatial structure (separating industrial and residential areas). 

Thus, historically speaking, town planning, discussed by the Congres Interna­
tional d'Architecture Modeme (CIAM) and leading to the so-called Charta of 
Athens in the early 1930s, may be seen as one point of focus in the discussion of 
transport development. Utopian pictures (see Fig. 1) showing new and modem in-
fi-astmcture for car and air traffic can also be seen as one theoretical basis for the 
subsequent town planning of the 20s and 30s. The CIAM might also be viewed as 
a compilation/concentration of the ideas relating to a new, modem and livable city 
discussed in the preceding decade. 

The messages stated in the Charta of Athens (published in 1933) are based on 
the experience gained in densely populated cities, with a mix of different functions 
in each district (e.g. §§9 and 10). The problems experienced in the cities at the 
beginning of motorisation (e.g. noise and a high number of accidents) led to the 
statement that locating residential buildings beside heavy traffic had to be prohib­
ited (§ 27). The separation of pedestrian and car traffic was also demanded due to 
the difference in their respective speeds of 4 km/h and 50 or even 100 km/h. Sepa­
rate areas for pedestrians were also requested (§ 27). Further noteworthy demands 
include a reduction of distances between home and work to a minimum (§ 46) and 
the constmction of industrial zones near railways, inland waterways or tmnk roads 
(§ 48). The discussion of traffic in the Charta concentrated on the inadequacy of 
roads for car traffic (§§ 52-58). Solutions recommended include grade-separated 
junctions, a hierarchy of roads based on their specific function and separate traffic 
areas reserved for different transport modes - mainly for pedestrians and car traf­
fic (§§ 59-64) (Hilpert, 1984: 115ff). 
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Fig. 1. Le Corbusier - Airport, Plan Voisin, Paris 1925. 

Source: Hilpert (1984) 

The architect, Le Corbusier, who was considerably involved in the preparation 
of the Charta, and who later became active worldwide in city planning, presented 
the idea of a city as 'mesh civilisation', a finite city, which should be made con­
trollable and subservient as a system. Here the city system is divided into elemen­
tary zones, interlinked or meshed together by the "mechanical speed" of the car, 
which produces the "daily cycle of functions" (Hilpert, 1984: 60). However, even 
at the time of Le Corbusier cities were no longer mere finite entities, but city-
regions, polycentric, interlinked areas. The idea of a finite city was also promoted 
by Le Corbusier in his plan for the "ville radieuse" in 1929-30. Here, the mono-
ftmctional areas of the city are linked with each other by traffic bands (multilane 
roads designed for speeds from 50 to 100 km/h) (Fig. 2). 

At about the same time Marcel Breuer (1929) developed a new design for Pots-
damer Platz in Berlin, including a grade-separated junction for car traffic. Breuer 
was of the opinion that the "square in the city should not be viewed as a park, not 
as a given or desirable form and also not as point de vue". He expected that the 
capacity of car traffic on the Potsdamer Platz would soon reach its limits and 
therefore proposed solutions with overbridges and underpasses. Underpasses for 
pedestrians should also serve as access to the underground. Bicycle traffic is not 
mentioned. Public transport is run beneath the square (underground) and in the 
middle of the streets (tramway). He proposed tramway stops along the sidewalks, 
so the passenger still has to cross the traffic lanes. The carriageways are partially 
divided by central barriers. The main objective was to handle car and pedestrian 
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traffic separately without junctions so as not to reduce capacity of car traffic 
(Breuer, 1929). 

Fig. 2. Plan 11 of the 17 plans of the Ville Radieuse presented at the CIAM congress in 
Brussels 1930 (Le Corbusier). 

m^^nftiiilh. [.̂ i-fe 

Source: Hilpert (1984) 

Both visions cited here as examples of future city planning and future traffic 
management probably became the theoretical basis for the creation of an image of 
a modem city. 

3.2 First Experience of the Vision of a Modern City Life 

Using his experience in theatre architecture and stage design, Norman Bel Geddes 
was able to concentrate the developing images of city life into a specific vision 
which was presented at the General Motors pavillion at the World Fair in New 
York 1939/40. The vision he created was so powerful and easily comprehensible 
that General Motors managed to dominate the World Fair. The model of a fiature 
city in the 60s, conceived, built and presented by Norman Bel Geddes was named 
"Futurama" (Fig. 3 and Fig. 4). 24 million visitors out of a total of 45 million over 
two seasons visited the 'Futurama'. The visitors were transported on comfortable 
sound-chairs by a conveyor belt along the model of a landscape with a futuristic 
"Motorway of 1960", "a 14-lane, two-directional limited access highway with 
separate speed lanes for 50-mph, 75-mph, and 100-mph traffic. Entrance onto the 
highway from feeder roads, transfers from one speed to another and even the dis­
tance between cars were controlled by radio from traffic towers situated every five 
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miles along the Motorway." (Hauss-Fitton, 1994: 57-58). The ride took 16 min­
utes. During the ride information was conveyed to visitors via an impressive 
sound and lightning system. At the end of the ride, a model of the city of tomor­
row with a close-up view of the city's downtown section was shown. After view­
ing the intersection the "chairs turned away from the model, and the visitor 
stepped into a ftill-scale version of the street intersection he had just seen." 
(Hauss-Fitton, 1994: 59). Among the four main buildings on the intersection, an 
Auto Salon with the exhibit of the General Motors products was located. The reac­
tions of the public were mostly enthusiastic. In fact, in all likelihood, the Utopian 
pictures produced by the car industry had no inconsiderable impact on individual 
thinking and on the development of ftiture transport patterns. The 14-lane motor­
way actually became reality, e.g. in Los Angeles with its 2000 mile freeway net 
(cf Bratzel, 1995) (Fig. 5). 

Fig. 3. Final scene of animated traffic exhibit, model and intersection with replicas of 
General Motors exhibit buildings 1939 (Geddes). 

Source: Hauss-Fitton (1994) 

For Bel Geddes "fast transportation was the means for solving problems, for 
opening up possibilities on two fronts: that of urban structure and that of the style 
of the century's objects" (V. Gregotti, Editorial, in: Hauss-Fitton, 1994: 4). As a 
designer, Bel Geddes drew streamlined aircraft, trains, automobiles and household 
equipment and he can also be seen in the same vein as other well known contem­
poraries, such as the designer Raymond Loewy. 
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Fig. 4. Futurama building, actual street intersection with display vehicles and visitors on 
elevated sidewalks 1939 (Geddes). 

Source: Hauss-Fitton (1994) 

Fig. 5. Futurama Motorway intersection with 14-lane, two directional traffic and high speed 
entrance/exit ramps 1939 (Geddes). 

Source: Rassegna(1994) 

The Geddes model shows a vision of future life in an air-conditioned city, 
where inhabitants only leave the city by car to see some landscape. There is a new 
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mobility structure, where futuristic, streamlined cars are driven by remote-control 
and where pedestrians - should it be necessary to leave the air-conditioned build­
ings - have their own dedicated traffic areas. Thus, 'Futurama' can be seen as a 
model for fiiture life (Krasny, 1996: 329). The World Fair in New York was proto­
typical, not only with respect to the Utopias shown, but also in terms of the adven­
ture world presented. Edgar Lawrence Doctorow described in his novel the effect 
of the exhibit on visitors in general and on himself as a child in particular. He calls 
it the "most fascinating moment of my life". Doctorow paints a picture of- char­
acteristic of the staging by Norman Bel Geddes - his impressions, "all those won­
derful things moving past, the rain-drop-shaped cars, the air-conditioned cities. 
And then came the stunning finish, seeing a certain junction in the model, and the 
show was over, and with your I-have-seen-the-future-sticker in your hand you 
stepped out into the sun and stood exactly at the junction you had just seen, the fu­
ture was exactly where you were standing and what had been small had become 
big, the scale had increased, and you were not looking on the crossing of the fu­
ture any more, you were standing on it, here, at the World Fair!" (Krasny, 1996: 
330-331). The fascination was unbroken despite the transparency of model and re­
ality. 

World Fairs were "experimental fields" in many respects. They were often used 
to present new transport technologies or new systems of transport management to 
the public for the first time. 

At the World Fair in Paris 1900, for example, an elevated railroad and a "trot-
toir roulant" in the Champ-de-Mars were installed - new transport technologies 
for public transport users and pedestrians. "Trottoirs roulants" (also known as 
"plateforme mobile") were first implemented and used in 1900, but similar ideas 
had aheady been discussed for the World Fair in 1889. A capacity of 26,000 users 
per hour, a speed of 4 to 8 km/h and a length of 3.36 km was reported. 

The "trottoirs roulants" were considered to guarantee a "superior gliding-by, a 
strolling perception without disturbance on the level of the objects themselves" 
(Krasny, 1996: 319). Perhaps the ideals of the flaneur, strolling down the boule­
vards of the Belle Epoque, went some way in promoting the development of such 
visions. 

3.3 From Visions to Reality 

Comparing the mobility structures presented at the World Fairs in Paris and New 
York, we see that on the one hand, a considerable change in transport technology 
had taken place between 1900 and 1939, and on the other hand preferences had 
also changed. This radical change in the idea of a modem city took place within 
only 40 years. Considering these historical examples, we observe that ideas, vi­
sions and Utopias of a modem mobility stmcture were formulated, specific images 
emerged during a phase of further consideration and social discussion, and finally 
they became reality. Given the huge effort necessary to build the present motor­
way network and other transport infrastmcture the period between Utopian vision, 
and actual realisation, is remarkably short. 
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Underlying Breuer's design for the city of Berlin in 1929, was the belief in the 
optimal solution for car traffic. Considering that at the time only few cars com­
pared to today were registered in Berlin, this concept has to be interpreted - like 
Le Corbusier's ideas - more as a vision than a concrete plan. Mobility structure in 
a large city like Berlin in 1929 was dominated by non-motorised and public trans­
port. 50% of public transport was carried out by tramways. This means that the 
Breuer concept also was used to introduce archetypal ideas and visions, which 
were implemented in cities some decades later. 

The vision of an ideal city, as proposed in the Charta of Athens and as dis­
cussed by other bodies, led to functional and social segregation within urban areas. 
The city is divided into mono-functional areas (e.g. only residential), linked with 
each other through traffic bands, but also clearly separated. This functional segre­
gation can only be overcome with the help of mechanical mobility, i.e. the areas in 
such a city are only accessible by car or public transport (bus, underground, rail­
way etc.). A supply-oriented policy for motorised traffic, as demanded in the 
Charta of Athens and defined in the plans for the "Ville Radieuse", leads - as we 
know today - not to a finite city, but rather to an atomised city. 

Within the space of a mere 40 years a total change in societal preferences in 
mobility took place as a result of such policies. World Fairs are fairly good indica­
tors of fixture or near-future developments. Bel Geddes compressed the theoretical 
and technical Utopia of leading urbanists and architects into a comprehensive, at­
mospheric vision of how the future might look. 

Le Corbusier, Breuer and Bel Geddes have been referred to here as they are 
deemed to be representative of certain social developments taking place between 
World War I and II, in particular of a modernistic approach in urban planning. 
While similar ideas had been discussed on a larger scale before, the imaginative 
power of the images produced by these three individuals exerted considerable in­
fluence on the ongoing discussion of the time. The visions and atmospheric pic­
tures they presented served to influence fiiture town planning by taking into ac­
count new forms of mobility - e.g. the car and plane - and to influence decisions 
on future developments and the allocation of financial resources. 

4 Economics and the Development of a Vision for Transport 
and Land Use 

4.1 A Coherent Depiction 

In dealing with the current shortcomings of existing transport systems (congestion, 
environmental pressure, or regularly denied access for the elderly and children), 
which in part have arisen as a result of town planning on the basis also of these 
town planning perspectives just discussed, the transport vision drawn up for the 
future today will probably look different to the one reviewed above. But what will 
it look like? 
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Initial ideas and building blocks for such a vision do exist: e.g. high density liv­
ing with simultaneous high availability of close-by open space, polycentric struc­
tures with agglomerations of different size that serve mixed functions each, car-
free environments served by public transport, and the like. 

What seems to be an open question, however, is whether such diverse concepts 
offer sufficient coherence for the development of a new vision. We have to ask 
questions such as: How do such spatial structures interact with the achievement of 
objectives such as high rates of innovation or labour productivity? Where are the 
trade-offs? What makes the vision in its frill and coherent form a better world than 
today's? Is it a better world at all? 

Economics can contribute a lot to answering such questions. Many of the above 
issues centre on the interaction of land-use structures and transport. Thus, further 
work in new economic geography, a field that inherently focuses on both these as­
pects, could prove illuminating. Although core theories and modelling roads in 
new economic geography have already been developed (Fujita et al. 1999), the 
empirical applications to date remain largely within the area of experimental simu­
lations. 

A research agenda starting with the objective of developing and testing a trans­
port and land use vision could substantially enhance both the fields of economic 
geography and transport policy research. 

It seems very characteristic in this respect, that in a recent ECMT (European 
Conference of Ministers of Transport) survey on the expertise developed within 
transport economics (Bonnafous, 2003), only one area is identified where there is 
a substantial deficiency across all modes and transport categories (passen­
ger/freight): "concerning the impact of [...] transport supply on the structuring of 
space, transport economics has not yet developed models of capturing these struc­
turing effects adequately." (Bonnafous, 2003: 38). 

We accept Bonnafous' statement on the existing shortcomings in transport eco­
nomics, and argue that future research must aim to provide a bridge between eco­
nomic geography and transport policy by supporting the development of a coher­
ent vision for the future. 

4.2 Areas of Current Policy Action 

One could tackle shortcomings in transport by adopting a completely different ap­
proach to that described above. Instead of beginning with a grand vision one could 
begin on a micro-scale by looking at specific policy instruments. Usually we do 
have a pretty good idea which instruments we would need to use, and where, in 
order to improve a specific situation. For example, in transport pricing, fuller ac­
counting of actual marginal costs is one of the major issues. It is taken as a basic 
tenet in economics that the right prices will bring about an adequate spatial struc­
ture in the long run anyway, whatever this structure may be. Therefore, within this 
approach, the analysis of the ultimate state of affairs is not a pressing issue, since 
this state will arise anyway, once the proper transport policy instruments are em­
ployed. 
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Usually the areas of policy action are seen to be threefold (compare e.g. Viegas, 
2003): 
- supply-side instruments 
- regulatory instruments 
- pricing and taxation instruments. 

For each of the three we may identify a current research agenda. Concerning 
supply-side instruments, it is no longer the supply of infrastructure, and not so 
much the supply of technology, but the organisation and management of transport 
that is highlighted as a crucial starting point for defining the agenda. 

In terms of regulatory instruments, it is primarily institutional design which 
ranks high on the agenda. The (self-)interests of public agencies may interfere 
with an efficient regulation of private agents. 

With respect to taxation (or subsidies in this case) issues of counterproductive 
support measures in transport are the object of analysis, while in terms of efficient 
pricing the main research focus is shifting more and more from the analysis of 
freight to that of passenger transport. 

5 Some Areas of Extended Future Research 

Reflecting the above comments, the authors here wish to point out three areas to 
which in their mind, crucial future research effort will (have to) be devoted. These 
are briefly described in Sections 5.1, 5.2 and 5.3 below. 

5.1 Interlinkage of Land-Use and Transport 

Choices in land-use and in transport are mutually dependent. Any given pattern of 
activity location induces a specific trip pattern, and, reversely, the location choice 
for each activity is dependent on the transport system and the opportunities it of­
fers, since it is the transport system which defines the cost associated with all fu­
ture activities at any specific location. 

Most modelling has chosen one of the above approaches of primary causation. 
Only few efforts at integration have been made, e.g. Martinez (2000). The devel­
opments within new economic geography, triggered by Krugman (1991, 1995), 
however, have provided a number of new theoretical modelling devices and possi­
bilities for simulation which need to be employed in suitable areas of empirical 
application beyond illustrative modelling. 

5.2 Distributional Impacts of Transport Policy 

While most effort in modelling transport economics focuses on the evaluation of 
transport efficiency, researchers engaged in policy advising tell a different story of 
priorities. In the introduction to their Handbook of Transport Modelling, Hensher 
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and Button (2000: 3) put it this way: "in detailed research work by Bruno Frey in 
Zurich, amongst others, it was found that policy-makers are much more interested 
in the impacts of various transport actions on different societal groups and that this 
distributional consideration far outweighs matters of technical efficiency." 

Although this experience is echoed repeatedly by several others engaged in pol­
icy research, empirical modelling work focusing on questions of distribution is 
still rather rare (for a theoretical discussion and model and its numerical illustra­
tion see Mayeres and Proost, 2001). 

5.3 Change in Behaviour Due to Significant Transport Price Changes 

Marginal changes in transport pricing have been amply observed and modelled in 
the past. At the same time, in both academic circles and among the public at large, 
it has become evident especially for roads that the gap between the price of trans­
port activities and overall costs, is not marginal, but substantial. Nevertheless, ex­
perience in empirically analysing the implications of substantial price changes is 
at best rudimentary. 

Even worse, most pre-launch studies of transport pricing (even for "small" 
changes) have produced results that strongly mismatched with the experience ac­
tually gained after real-world implementation of the respective pricing schemes. 
The bias was almost always in the direction of predicting too little behaviour 
change, and thus too much revenue. "Let us confine ourselves to a single example 
that aptly illustrates traffic forecasting errors. A report was recently issued by 
Standard & Poor's ['Credit Implications of Traffic Risk in Start-Up Toll Facili­
ties', Rating Direct, Standard & Poor's, 15 August, 2002] on investment in toll 
roads on different continents. Out of the 32 cases studied, four showed that traffic 
was slightly higher than had been forecast, while in all the other cases traffic was 
lower than originally forecast and in twelve cases more than 40% lower!" (Bonna-
fous, 2003: 39). The literature has only recently begun to focus on why this one-
sidedness occurs. One reason given in Hensher and Goodwin (2004) is that a 
skewed distribution of time value causes the mean value to diverge (significantly) 
fi-om the median value. While the former is usually used in pricing impact fore­
casts, it is the latter that determines actual behaviour change. With a positively 
skewed distribution a larger share of people reacts to price changes than indicated 
when considering the mean time value. 

6 CGE Transport Policy Analysis: Models and Data 

The three research issues identified above are becoming increasingly important. 
All three issues have a significant long-term and structural component, with one 
exhibiting in addition an explicit pricing component. They thus lend themselves to 
quantitative analysis by means of computable general equilibrium, and for this 
reason we focus exclusively on this method here, highlighting the questions of re-
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cent model developments and data availability. This is not to deny that crucial in­
put can be gained by other quantitative modelling techniques. Nevertheless, the 
selection of one method serves to somewhat deepen the analysis and to supply a 
coherent framework within the confines of a single article. 

6.1 Models 

For the first of the three issues outlined above, interlinkage of land-use and trans­
port, spatial computable general equilibrium (SCGE) models serve as basic start­
ing point. Implementing the monopolistic competition models of the Dixit-Stiglitz 
(1977) type into multi-region CGE-models, the few empirical examples available 
start from one of two ends: broad regional coverage with few economic sectors 
(Brocker, 1998); or from a fully fledged sectoral structure, with regional diversity 
restricted to within a single country (Knaap et al., 2001, or in a later state of pro­
gress of the same model Tavasszy et al., 2003). In both cases the transport cost 
component is exogenously given by companion-models. The future issue, there­
fore, is to transfer transport cost to an inherently endogenous variable. 

With respect to the second issue, several arguments have been presented which 
underline the importance of fiirther analysis (besides the work cited earlier, see for 
example Oberholzer-Gee and Weck-Hannemann, 2002)), but hardly any quantita­
tive modelling work exists. While Mayeres and Proost (2001) provide a theoretical 
model, real world data has been used in a four-income-class CGE transport model 
by Friedl and Steininger (2004), in this case for Austria. The latter show that road 
pricing is in fact very likely to have BL progressive impact. The ongoing adjustment 
of models to the structure of distributional data that is to become available, seems 
to be the major challenge here. 

Concerning the third issue, transport price changes of significant magnitude, 
modelling has so far focused on partial (transport) equilibrium, and often at the re­
gional level (e.g. Jansen and Denis (1999), or Proost and Van Dender (2001), both 
building on the TRENEN model) or on truck transport (e.g. Steininger, 2002b). 
Computable general equilibrium models for analysing a significant price change 
in passenger transport have been developed only recently, e.g. to the knowledge of 
the present authors, Boeters et al. (2003) still represent a relatively rare example 
here. New lines of modelling reactions to substantial price changes, also taking so-
called "captives" into account, i.e. those agents unable to adjust in terms of trans­
port behaviour, still have to be developed with respect to this issue. 

6.2 Data 

Numerous problems exist in economic transport modelling with respect to data. 
First, and most importantly, classifications in terms of goods transported (in trans­
port statistics) and in terms of economic sectors (in national accounting) simply do 
not match. The resulting gaps in the data are difficult to bridge in modelling terms. 
This is true for both the European Union as well as for individual countries. Sec-
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ond, transport mode differentiation is not available in any economic statistics, 
which is why the above mentioned mismatch in classifications matters all the 
more. Third, differentiated freight transport statistics for within-country (and 
within-EU) trips are generally poor, the same is true for passenger transport statis­
tics, when trip purpose or income is a required trip characteristic. Fourth, and fi­
nally, international trade transport data is not available in consistent terms. One of 
the most commonly used economic databases for this end, GTAP, for example, 
uses the label 'transport' to just reflect all statistical differences between export 
and import values by sector in bilateral trade statistics. 

7 Conclusions 

Promising theoretical developments in transport economic modelling have been 
made. Ultimately, however, much more work has to be done before adequate 
quantitative analysis can be achieved in the following areas: 
- the interaction of land-use and transport, 
- distributional impacts of transport policy, and 
- behavioural changes due to significant transport price changes. 

Present research is inadequate for a number of reasons. To begin with, a mis­
match exists between available data and a first-best modelling requirement. We 
have discussed the latter with respect to access services. While transport CGE 
models have been creative in depicting transport services, e.g. in a dynamic setting 
Boeters et al. (2003) isolate an automotive capital stock, the technical parameters 
of car fleet vintage relating to environmental policy, but none of the models so far 
has explicitly focused on access service. 

A further reason lies in the difficulties faced when attempting to meaningfully 
transfer monopolistic competition mark-ups to dynamic spatial CGE models. 
While calibration can be successfully achieved and allows for the generation of 
base cases, modelling the dynamics, including the interactions of land-use and 
transport systems is a totally different story. 

One final reason for inadequate research stems from the often poor integration 
of economic variables in transport statistics (or a poor integration of transport 
variables in consumption statistics). For most countries, for example, not even the 
most basic economic indicators, such as - for passenger transport - person (or 
household) income, are available within trip structure statistics, or - for freight 
transport - the value of goods transported. 

Nevertheless, the pressure of transport burdens in terms of health and environ­
mental impacts is significant and still growing. Lack of data and data quality will 
thus have to be overcome. In order to ensure that adequate demand statistics be 
identified a all, quantitative transport modelling needs to be further developed and 
nurtured even if for the time being it means using rather rough and ready data. 
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Abstract. The paper sketches potential research topics concerning "Transportation 
and the Environment", emphasising those questions to which economists can con­
tribute. It also briefly discusses to which extent these topics have been addressed 
in earlier literature. 

1 Introduction 

I have been asked to outline perspectives for future research on transportation and 
the environment. Given my professional background, I will necessarily argue from 
an economist's point of view. Transportation is not a big topic for mainstream 
economists. While environmental economics has established itself as a subdisci-
pline of economics, transportation research is an interdisciplinary enterprise. For 
better or worse, most economists do not appear to take much notice of transporta­
tion research, and vice versa. Perhaps surprisingly, "Transportation and the Envi­
ronment" is not even a big issue within environmental economics. Even though 
environmental economics journals and even general audience journals occasion­
ally address transportation-related environmental issues, such cases are extremely 
rare: For instance, in the course of the last ten years, only five articles in the Jour­
nal of Environmental Economics and Management have dealt explicitly with 
transportation-related issues. At first glance, this appears bizarre: After all, the 
transportation sector is rightly seen as an important culprit, and often the main 
culprit for many serious environmental problems. Why then do environmental 
economists not care about transportation research? 

Most conceivable answers are related to the fact that (academic) economists in 
general, and environmental economists in particular are often reluctant to delve 
deeply into specific sectors. There are two reasons for such reluctance. 

Acknowledgement: I am grateful to Dennis Gartner for helpful comments. 
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First, in some sense abstraction is the main strength of economic research. By 
ignoring messy details, important general mechanisms can be exposed that are 
relevant in many different industries. Arguably, however, to really understand 
what is going on in a specific sector, the institutional or technological knowledge 
of specialists is at least as important as the knowledge of general principles that 
economists hopefully possess. Thus, in the relatively rare cases where leading 
mainstream economists have made notable contributions to research in specific 
sectors, they usually have committed to becoming specialists in the particular field 
as well, which involves very high costs. 

Second, there are justified reasons for being wary of "sectoral environmental 
economics". For instance, fi-om an efficiency point of view, targeting specific en­
vironmental goals for the transportation sector is already problematic. In most 
cases, the only important issue is if pollution is reduced, not in which sector it is 
reduced. From an economic point of view, however, it is often extremely impor­
tant in which sector pollution is reduced. In some cases, for instance it may be 
very easy to reduce emissions in the transportation sector; in other cases, it will be 
a lot cheaper to do this in the chemical industry, the paper industry, etc. One of the 
main tenets of environmental economics is that environmental policy should be 
designed in a way that minimises abatement costs. A consequence of this principle 
is that economists dislike sectoral policy targets: Based on the conviction that the 
market is usually better at discovering the most efficient ways of reducing pollu­
tion than policy makers, economists usually prefer policy instruments that leave 
the allocation of emission reductions across sectors to the market. Pollution taxes 
or tradable permits that are based on emissions, but are independent of the source 
of the emissions are typical examples of such instruments. A substantial part of 
transportation research, however, is based on the implicit assumption that emis­
sions should be reduced within the transportation sector. 

Nevertheless, there are plenty of reasons for economists to dispense with their 
reluctance and deal with transportation and the environment, the obvious problems 
notwithstanding. 

First, whether economists like it or not, policy instruments are often sector-
specific. Public transport is subsidised, not least because of environmental con­
cerns. The development of alternative fuels is encouraged by government policies 
such as the Califomian Zero Emissions Program. Of course, one could make the 
point that such policies should be substituted for by broader based policies such as 
economy-wide pollution taxes and pollution permits, because these policies allow 
the market to adapt, thereby leading to the cheapest paths towards pollution reduc­
tion. Considering the political reality, however, it may be a reasonable alternative 
strategy to take the existence of transportation-specific instruments as given, and 
to ask how these different sector-specific instruments compare. 

Second, in a world that differs fi-om the simplest textbook models, there may be 
good reasons for transportation-specific policies. For instance, public transporta­
tion is characterised by economies of scale, and by a need for co-ordination. As a 
result, there is substantial state intervention in this sector, even where private 
companies are active. Such intervention is likely to have substantial environmental 
effects. Therefore, thinking about reasonable ways of organising the public trans-
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port is an important aspect of environmental policy which may well benefit from 
the expertise of economists. 

Third, the contribution of transportation to some environmental problems is so 
important that little is lost by targeting this sector only. This is true (or at least was 
true until recently) for pollutants such as carbon monoxide and lead. Even more 
obviously, there are some problems where there is simply no way of tackling the 
problem without tackling transportation related issues directly: For instance, noise 
pollution in many areas is almost exclusively caused by transportation. Hence, 
there is no issue of cross-sectoral substitution of pollution reduction efforts. 

Fourth, environmental legislation with respect to transportation is simply an 
important case of environmental legislation in general. From the perspective of 
Political Economy, insights that emerge from the study of legislation relating to 
transportation can therefore be helpful for a more general understanding of envi­
ronmental policy. 

Armed with this set of excuses, I shall now sketch actual and research topics in 
"Transportation and the Environment" from an economist's point of view. 

2 Classification of Research Topics 

In this section, I provide a classification system for the relevant research topics. 
The classification starts from a simple identity. 

Environmental policy is a multi-dimensional enterprise. For a start, there are 
many different substances polluting air, soil and water. In addition, there are noise 
emissions, the destruction of landscape, etc.̂  

Thus, the scope of environmental policy in general, and "environmental trans­
portation policy" in particular, is to deal with a multitude of environmental prob­
lems i=l,...,L 

For simplicity, suppose the contribution of transportation to problem / can be 
summarised by a real number ê . For instance, this could be interpreted as emis­
sions from transportation in a particular time period. ^ 

Then, we consider the following decomposition of ̂ /i 

^i ^iF "^ ^iP 

ei = Ya^miF+Yj^ miP 
m 

Further, whenever a particular environmental problem is not entirely global, one 
needs to distinguish according to where the problem occurs. Thus, emissions of car­
bon monoxide in cities A, B, C... are different problems, as compared to noise emis­
sions in neighbourhoods x, y, z, and so on. 
For problems such as landscape destruction, the interpretation in terms of a measur­
able quantity is less obvious. 
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e, = / • Z ^^mrVmiF +P-T. f^mpVrniP W 
m m 

where the variables have the following meanings: 

e-jr total emissions of type / in freight transportation 

e^p total emissions of type i in passenger transportation 

m mode of transportation (rail, bus, car, air, ferry, etc.) 
p total emissions of type / by transportation mode m in freight transporta-

tion 
p total emissions of type / by transportation mode m in passenger trans-

fniP ^ ^' 

portation 
/ total amount of freight transportation 
p total amount of passenger transportation 
jU^P mileage share of mode m in freight transportation 

jU^p mileage share of mode m in passenger transportation 

specific emissions of mode m with respect to problem / in freight trans-
imiF portation (e.g. C02-emissions of trucks per freight tonne kilometer) 

specific emissions of mode m with respect to problem / in passenger 
'^^^ transportation (e.g. C02-emissions of cars per passenger-kilometer) 

Decomposition (1) has a trivial, but usefiil implication: Changes in transporta­
tion emissions e. must be brought about by a change of one of the following 
quantities: 
1. Total freight transport/or passenger transport/?. 
2. Modal-split coefficients JLl^p or / i^p. 
3. Specific emissions TJ^-p or Tj^-p. 

This simple statement will turn out to be useftil for organising research ques­
tions that arise in environmental transportation economics. In addition, I shall dis­
tinguish between "Positive Environmental Transportation Economics" (PETE) 
and "Normative Environmental Transportation Economics" (NETE), though the 
distinction between the two areas is not clear-cut. PETE attempts to explain the 
behaviour of actual emissions e.. NETE asks which fixture patterns for e- are 
most desirable and how they should best be brought about. 
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3 Positive Environmental Transportation Economics 

3.1 The Issue 

3.1.1 Understanding the Evolution of Emissions: The Role of Total 
Transportation, Modal Split and Specific Emissions 

The evolution of transportation emissions differs strongly across pollutants. For 
instance, carbon monoxide emissions from transportation have been falling in 
most Western industrialised countries for at least two decades, whereas carbon di­
oxide emissions have been increasing almost everywhere. Furthermore, there are 
important cross-country differences. In Switzerland, for example, carbon monox­
ide emissions began to fall earlier than in the other European countries, and the in­
crease in carbon dioxide emissions has been less pronounced. Fig. 1 and Fig. 2 il­
lustrate this for emissions from automobiles (rather than total transportation). 

Fig. 1. CO emissions of road transport. 

CO Emissions of Road Trwsporl (iSflO = 1) 
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Thus, PETE should address questions such as: 
- Why did carbon monoxide emissions start to fall in the 1980s? 
- Why did they fall earlier in Switzerland than elsewhere? 
- Why did carbon dioxide emissions continue to grow? 
Decomposition (1) helps to provide a first, very rough, step towards an answer by 
highlighting the role of total transportation, modal split and specific emissions. 

First, total transportation (freight and passenger) has increased almost every­
where, which, other things being equal, would result in an increase of all pollut­
ants. 

Second, over the last few decades, the modal split in passenger transportation 
has shifted from rail, busses and ships to cars and aeroplanes, and similarly for 
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freight. With respect to most environmental problems (and, in particular, with re­
spect to the two pollutants under consideration), the latter modes are more pollut­
ing than the former. Thus the change in modal split is another force towards in­
creasing emissions of both pollutants. Fig. 3 illustrates the joint effect of the 
increase in total (passenger) transportation and the growing share of road transpor­
tation: a substantial increase in road transportation. 

Fig. 2. CO2 emissions of road transport. 
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Fig. 3. Passenger kilometers. 
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Third, however, specific emissions have behaved differently for both pollut­
ants, at least for automobiles. Specific emissions of carbon monoxide have fallen 
dramatically since the 1980s, thanks to the diffusion of catalytic converters. Spe­
cific emissions of carbon dioxide, however, have shown little or no change. Fig. 4 
and Fig. 5 show the development of specific emissions from passenger transporta­
tion by automobiles. 

Fig. 4. CO2 emissions per passenger kilometer. 
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Fig. 5. CO2 emissions per passenger kilometer. 
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The national differences also become more transparent thanks to (1). For in­
stance, Switzerland is the rare example of a country where (passenger) road trans­
portation has only increased very slightly over the last two decades, and the share 
of raihoads has actually increased. This goes some way towards explaining the 
relatively favourable behaviour of emissions in Switzerland. In addition, Switzer­
land was among the earliest countries to introduce the catalytic converter (see Fig. 
6), which is why carbon monoxide emissions started falling earlier than elsewhere. 

Fig. 6. Cars with catalytic converters. 
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3.1.2 More Fundamental Explanations 

At a superficial level, we can thus "explain" changes in emissions by reference to 
changes in the components total transportation, modal split and specific emissions. 
Obviously, one must dig deeper. The next step of analysis would involve figuring 
out why the components have behaved in the way they have behaved. Which pol­
icy and/or economic conditions lie behind the evolution of total transportation, 
modal split and specific emissions? 

Consider specific emissions: With respect to carbon monoxide, the big picture 
is fairly obvious. Substantial changes in specific carbon monoxide emissions were 
the result of dramatic changes in emission norms for this local pollutant (and some 
others), compliance with which could only be achieved with the catalytic con­
verter. While this is not the only source of change in specific emissions behaviour, 
it is certainly the dominant source. 

For carbon dioxide, the answer is much more complex: Specific carbon dioxide 
emissions have changed much less, in spite of considerable dynamics in boundary 
conditions: Most importantly, the joint forces of oligopolistic price setting behav­
iour and, in many countries, fuel taxation have led to substantial swings in fuel 

S w e d e n F r ance UK 
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prices. Further, increasing incomes made larger cars affordable for more people. 
On the other hand, specific policies directed at increasing ftiel efficiency have 
worked in the opposite direction. The Corporate Average Fuel Economy Standard 
in the US is one example; other countries have used tax incentives and subsidies to 
induce a change in the vehicle fleet. Apparently, the net effect of these changes on 
fiiel efficiency has been small. 

From the economic point of view, this description of factors influencing the 
evolution of specific emissions is still not entirely satisfactory, as it does not ad­
dress the underlying issues of Political Economy: 

Why have emissions norms for local pollutants been introduced that were the 
basis for the diffusion of the catalytic converter? Why has Switzerland been faster 
to introduce such laws than most other countries? Why were there no equally ef­
fective measures to reduce carbon dioxide emissions? 

In summary, PETE should deal with the following three sets of issues. 
- (PI) At the most basic level, we need to understand the extent to which the 

changes in emissions were brought about by changes in total transportation, 
modal split and specific emissions, respectively. 

- (P2) Beyond that, we need to know which economic developments, which poli­
cies and which other conditions were responsible for the changes in these quan­
tities. 

- (P3) Finally, PETE should aim at understanding why certain policies were in­
troduced while others were not. 

3.2 Existing Literature 

The questions raised in the last section have, to some extent, been addressed in the 
literature. I shall first consider research on transportation and modal split, then 
move to specific emissions. 

3.2.1 Total Transportation and Modal Split 

Many researchers have attempted to understand the factors underlying the evolu­
tion of total transportation and modal split, using studies about observed real-
world transportation behaviour as well as questionnaires about individual attitudes 
towards transportation. Most of the work has dealt with (P2) above. 

Real-World Studies 
1. A large group of authors attempt to explain the dynamics of transportation in 

specific countries. Most of the studies under consideration are concerned with 
modal split rather than just total transportation.^ The central questions are: Why 
did shifts from rail to road occur in most countries? Why is the share of public 
transportation usually so small? Relevant studies include Ginther and 

An exception is Stead (2001) who deals with transport intensity in Europe. 
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Schmutzler (1996) for Germany, Hook (1999) for Hungary, Hensher (1998) for 
Australia, Kulsreshta and Nag (2000) for India, Xie et al. (2002) for China. 

2. A related set of papers deals with the relatively rare cases that were not con­
sistent with this trend, asking: Why were there some cases where public trans­
port did not lose much of its market share? For instance, Fitzroy and Smith 
(1998) analyse the factors behind a doubling of public transport patronage in 
Freiburg in Germany within one decade. Bratzel (1999) also considers Frei­
burg, but beyond that he addresses cities such as Amsterdam, Groningen, Basel 
and Zurich. Asensio (2000) explains a 30% growth in patronage for the Spanish 
suburban railways between 1991 and 1998. Babalik-Sutcliffe (2002) compares 
urban railsystems in different countries, including Turkey as a developing 
country. 

Individual Behaviour 
A complementary strand of literature uses questionnaires to gain insights about 
individual travel behaviour, and in particular about mode choice. Unlike the real-
world studies mentioned earlier, this literature does not analyse the development 
of transportation in specific countries or cities. Stradling et al. (2000), Kingham et 
al. (2001) and Cullinane (1992) attempt to estimate the potential for "moving peo­
ple out of cars". Mackett (2003) deals specifically with reasons to use cars for 
short trips. Wardman et al. (1997) concentrate on the alternative of cycling. 

Of specific interest is recent work that examines the role of habits for mode 
choice (Garling and Axhausen, 2003, Garvill et al., 2003, Fujii and Kitamura, 
2003, Bamberg et al., 2003). Though the outcomes of this research are somewhat 
ambiguous, it suggests that habits may reduce the elasticities of transportation de­
mand with respect to changes in exogenous variables substantially. 

3.2.2 Specific Emissions 

Perhaps surprisingly, the literature that explains the behaviour of specific emis­
sions is much smaller than the literature explaining modal split. An exception is a 
relatively large set of papers dealing with the relation between geographic factors 
and energy consumption. Such a relation could exist because urban structure 
might affect both total road transportation and specific energy consumption. 

Starting with Newman and Kenworthy (1989), several authors have therefore 
explored the hypothesis that low urban density and high energy consumption 
should coincide: A reason for such a coincidence would be an increased need for 
automobile transportation as the initial simple correlation analysis of Newman and 
Kenworthy suggests. On the other hand, urban density should also increase spe­
cific emissions (if it leads to more stop-and-go traffic). Thus, it is unsurprising that 
the results are ambiguous. 
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3.3 Perspectives for Future Research 

3.3.1 Modal SpUt 

As already indicated, a large body of research deals with the explanation of modal 
split. These studies are very heterogeneous. They apply different methods, relate 
to different countries, different periods. Also, they deal with a wide variety of pol­
icy instruments. In some sense, the most important task for future research may be 
a consolidation of existing contributions. Are there any general lessons that 
emerge from this vast literature? 

Beyond that, some special issues warrant particular attention. 

Understanding Counterexamples to Historic Trends 
The decreasing significance of public transport is an almost universal trend. Nev­
ertheless, there are notable examples where the trend has been reversed or at least 
slowed down considerably at a local or even national level. 

Swiss railways have increased their share of passenger transport slightly over 
the last 20 years. Why did this happen? Was it the result of pricing strategies? Was 
it largely due to service improvements? How important were income increases?"* 
Did legislation favouring public transport play a crucial role? If so, why did such 
legislation come into place in Switzerland and not in most other European coun­
tries? 

In Germany, in spite of an overall decline in the importance of railways, the re­
organisation of the railroad sector in the nineties has led to substantial increases of 
patronage on many rural lines, often coinciding with a change in ownership, with 
patronage often at two or three times the original level. Which aspects of service 
improvement were responsible for such developments? Which institutional 
changes lay behind such improvements? 

Developing Countries 
From a global perspective, the most significant recent shifts in modal split are tak­
ing place outside of what used to be the Western Hemisphere. Superficially, the 
patterns are very similar across countries. In Eastern Europe, motorization has in­
creased at an imprecedented speed over the last few decades. In emerging econo­
mies such as China, there are similar tendencies. It would be important to see 
whether there are significant deviations from this trend in individual countries, and 
how they can be explained. Are there cases where the combination of the decreas­
ing role of the state and increasing incomes for non-negligible parts of society did 
not go hand in hand with increasing motorization? Or are there at least cases 
where the shift in modal split was moderate? If so, why? 

In Switzerland, there is a high share of people who own cars, but nevertheless are 
very regular train users. This is of course much more likely in high income countries 
than elsewhere. 
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Habits 
Until recently, most economic research was based on the assumption of perfectly 
rational behaviour. One of the many aspects of this approach was the exogeneity 
of preferences: Individuals are hard-wired to want particular things and then 
choose behaviour accordingly. Strange as such an assumption may seem to non-
economists, there are good reasons for using it in benchmark models. For many 
purposes, however, it may be extremely important to understand how preferences 
are influenced both by other individuals and by own past behaviour. To really un­
derstand the mode choices of individuals, for instance, I believe that the analysis 
of habits for driving patterns is of utmost importance. Such an analysis is not only 
important to understand observed mode choice, but also as part of an informed 
policy discussion: If habits are so important, then policy measures aiming at be­
havioural change must make sure that they can break habits. I therefore hope that 
the research program sketched at the end of Section 3.2.1 will be pursued vigor­
ously in the future. 

3.3.2 More General Topics 

Specific Emissions 
To repeat, the dynamics of pollution differ widely across substances. Existing lit­
erature has done very little to explain this phenomenon, as it has concentrated on 
the evolution of total transportation and modal split rather than specific emissions. 
I believe that this is not a small oversight: So far, at least substantial improve­
ments in environmental quality, even at a local level, have almost always involved 
reductions in specific emissions. Understanding why such reductions came about 
in the past may therefore be an important prerequisite for future improvements. 

Political Economy 
There can be little debate that special interests play a substantial role in the trans­
portation sector. A more systematic understanding of how they influence legisla­
tion would most likely be a very promising research goal. There are many facets 
to this topic, including the role of the automobile industry in influencing the share 
of infrastructure budgets that is used for road projects. The distribution of public 
transport subsidies across projects is also a subject worthy of studying: Casual 
empiricism suggests that there may be a bias towards using money for prestige 
projects on the one hand, and for supporting desolate rural railway lines with lim­
ited economic and ecological value, but clearly defined interest groups who bene­
fit from their existence. 

Political economy considerations are also of great interest with respect to envi­
ronmental policy in the transportation sector. Public support for alternative ftiels, 
for instance, takes very different forms across different countries. Why are differ­
ent policies pursued in different countries? Who benefits from the policies that are 
introduced and why? 
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4 Normative Environmental Transportation Economics 

4.1 Overview 

The ultimate motivation for most research in transportation economics is to find 
"good" transportation policy. This is even true for the literature dealt with in the 
section on PETE: In most cases, these studies emphasise the need to reduce road 
transportation or to improve environmental quality by other means. In addition, of 
course, there is a wide range of research questions that are explicitly normative. In 
addition to the issues just discussed, the following interrelated sets of issues war­
rant attention. 

(Nl) Which changes in transportation-related emissions e^ are desirable? 

In particular, which types of environmental problems related to transportation 
should be addressed? Or, looking back, was it a good policy choice to emphasise 
the reduction of local pollutants such as carbon monoxide rather than paying more 
attention to global pollutants such as carbon dioxide? 

Of course, the questions relate closely to the desired level of total emissions e^, 
which depends on the valuation of environmental quality. Understanding more 
about this valuation is not an issue that is specific to transportation. Whatever in­
sights can be achieved about the benefits of environmental improvements, these 
insights are independent of a particular sector.^ A vast literature deals with this 
task; I shall not address it in this paper.^ 

However, choosing the right path for transportation emissions not only involves 
understanding the benefits of emissions reduction, but also the costs. In particular, 
it is important to know at least approximately how costly it is to reduce total emis­
sions in the transportation sector rather than elsewhere. This knowledge is also a 
prerequisite for understanding to which extent total emissions themselves should 
be reduced. 
(N2) How should the components of e. evolve to achieve the desired change of to­
tal transportation emissions? 

This question has several aspects: Which changes in total fi-eight transportation 
/ and passenger transportation p should be targeted? To which extent should 
changes in modal split (/i^^ and fJi^p) be pursued? How about the desired evo­
lution of specific emissions {Vf^^p and 77^-^) respectively? 

Again, one can look backwards: Did policy put too much emphasis on changes 
of specific emissions rather than changes of modal split, or vice versa? 

Exceptions concern the valuation of aspects of environmental quality that are entirely 
transportation-specific. For instance, several authors investigate the costs of aircraft 
noise or, equivalently, the benefits of noise reduction (e.g. Collins and Evans, 1994). 
See Smith (1996) for a collection of influential papers in this area. 
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(N3) Which policy instruments should be used to achieve the desired changes in 
total transportation, modal split and specific emissions? 

Obviously, the relation to questions (Nl) and (N2) is close: Both the types of 
instruments chosen and the level at which they are set will depend strongly on the 
targeted emissions and the extent to which the targets are to be achieved by 
changes of modal split or by reductions in specific emissions. For instance, discus­
sions on the right level of environmental taxes are closely related to discussions on 
the right level of emissions. Similarly, attempts to reduce emissions by way of 
subsidies for railways should be based on an argument that affecting the modal 
split is a more efficient way of improving environmental quality than reducing 
specific emissions (or at least a useful complement). 

4.2 Existing Literature 

Some aspects of questions (N2) and (N3) have been addressed in the literature. 

4.2.1 Modal SpUt 

In Which Direction Should Modal Split Change? 
Much of the research on policy towards modal split is based on the understanding 
that lowering the share of cars and trucks, and of air transportation is an appropri­
ate policy goal. Two assumptions are implicit in these arguments. First, there are 
environmental benefits of a shift in modal split, and second, the benefits outweigh 
the costs. 

Most literature I am familiar with considers only the benefits, concluding that, 
for most pollution problems, changes in modal split would be desirable. For in­
stance, Hughes (1990) shows that buses and railways are more energy-efficient 
than cars and planes.^ 

Influencing Modal Split: Policy Instruments 
Supposing that the benefits of changing modal split so as to reduce automobile 
transportation outweigh the costs, question (N3) has to be addressed with respect 
to modal split policies. How should such changes in modal split best be brought 
about? How do different policy instruments differ with respect to (i) political fea­
sibility; (ii) the effect on the environment, (iii) efficiency and (iv) distributional 
impacts? 

A large group of papers attempts to obtain some idea about the potential effects 
of policy measures by looking back at the effects of policies that were introduced 
in the past. Eskeland and Feyzioglu (1997a,b) emphasise the undesired side-
effects of a policy of prohibiting the usage of each car in Mexico City on a par­
ticular day of the week. Similarly, Phang et al. (1996) identify unintended conse­
quences of car quotas in Singapore. Parkhurst (2000) considers the ambiguous ef-

In a similar vein, Kahn-Ribeiro and Balassiano (1997) demonstrate that buses are 
more energy efficient than cars in Rio de Janeiro. 
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fects of park and ride systems in the UK on car transportation. Brown et al. (2001) 
emphasise the positive effects of free public transportation schemes for students at 
US universities. Several papers discuss the effects of road pricing experiments. 
For instance, Ison (1998) explains why an attempt to introduce congestion meter­
ing did not proceed beyond the trial stage in Cambridge. 

Apart from such policy measures that are clearly designed with the intention to 
"move people out of cars", the literature has also dealt with policies whose pur­
pose is to foster road transportation, such as road infrastructure investments. A re­
sounding argument in this discussion is that such investments not only have a 
positive effect on the amount of road traffic, but that this effect may be so strong 
that congestion increases rather than decreases.^ 

In addition to this "backward-looking" literature, there are some authors who 
use simulations and/or theoretical ideas to investigate the likely effects of policy 
instruments. Several authors consider road pricing (e.g. Viegas, 2001, Hyman and 
Mayhew, 2002, Santos and Rojey, 2004). Tsamboulas (2001) deals with the ef­
fects of parking fares. Walton (1997) sketches ideas as to how a system of auc­
tioned permits for car ownership could be used to reduce car ownership. 

Finally, a considerable number of authors deals specifically with issues of fea­
sibility. They use surveys to understand why some policy instruments have better 
chances of being introduced than others. They do so by dealing explicitly with at­
titudes towards specific policies. For instance, Bhattacharjee et al. (1997) deal 
with commuters' attitudes toward a variety of demand management policies; 
Holding and Kreutner (1998) discuss the support for measures designed to foster 
public transport in a Bavarian National Park. Rye (1999) uses survey data from the 
UK and the Netherlands to explore the attitude of employers to transport plans de­
signed to induce their employees to shift away from cars. Attitudes towards road 
pricing have met with particular interest (Odeck and Brathen, 1997, Jakobsson et 
al., 2000, Ison, 2000). 

4.2.2 Specific Emissions 

Some authors have dealt with the impacts of actual policy programs on specific 
emissions. Dill (2003) analyses the impact of accelerated vehicle retirement pro­
grams in California on emissions. Sperling (2001) discusses the effects of public-
private partnerships in the United States for the development of energy efficient 
vehicles. Hubbard (1997) explains why inspection and maintenance programs 
have often failed to lead to low in-use emissions of motor vehicles. 

Numerous studies deal with the potential for future changes in specific emis­
sions. Johansson (1998) asks whether future technological improvements can 
compensate for an expected increase in traffic. Other authors discuss whether 
there are suitable policies to unleash this technological potential, that is, to achieve 
a change in the vehicle stock that leads to lower overall emissions. Obvious candi­
dates include vehicle characteristic taxes favouring low-pollution cars. Kavalec 
and Setiawan (1997) and Johnstone and Karousakis (1999) come to positive con-

See Mogridge (1997) for a review. 



148 A. Schmutzler 

elusions, using simulations and theoretical arguments, respectively. Similarly, 
FuUerton and West (2002) use a theoretical model to compare the merits of differ­
ent types of automobile and fuel taxes. Kazimi (1997) considers the effects of 
price reductions for alternative-fuel vehicles in the Los Angeles area. 

4.3 Perspectives for Future Research 

4.3.1 Basics: A General Framework 

I suspect that many colleagues think that the basic normative principles for doing 
environmental transportation policy are well understood: Just internalise external 
costs, preferably using market-based instruments. I am unconvinced that this set­
tles the issue, even from a theoretical perspective. Several aspects of the transpor­
tation sector imply that an optimal policy is non-trivial to derive. These aspects in­
clude: 
1. the importance of emissions from consumption activities rather than from pro­

duction; 
2. the severe monitoring issues resulting from the large number of polluters 
3. the importance of scale economies in public transportation. 
In spite of some attempts to characterise optimal policy, I am unconvinced that 
these complications have aheady been adequately addressed. There still is a need 
for a comprehensive theoretical framework for environmental transportation eco­
nomics from which clear optimality conditions can be devised.^ 

Apart from this task, there are many other important topics for future research. 
Rather than attempting to be exhaustive, I shall point to a few issues that deserve 
particular attention. In brief, they relate to the right level of pollution, the right 
modal split and the right policy instruments. 

4.3.2 Priorisation of Environmental Goals 

Given the finite amount of political attention that is paid to transportation and the 
environment, it is clearly important to prioritise policy issues. How much attention 
should be paid to improving air quality in cities relative to preventing global 
warming? Should policy address road noise pollution in agglomerations first, or is 
it more important to reduce the adverse effects of transportation on the landscape 
in more rural areas? 

Of course, an informed answer to these questions would presuppose an answer 
to the question outlined in Section 4.1, namely, which development of e- is desir­
able for each type of environmental problem. As argued earlier, however, finding 
the right policy targets for the various environmental problems is an issue that 
transcends transportation economics, because it involves estimations of the bene-

A useful step in this direction is Fullerton and West (2002) who analyse the relative 
efficiency of different types of taxes as substitutes for emission taxes. See also Innes 
(1996). 
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fits of environmental improvements. Given the tremendous uncertainties sur­
rounding the damages from environmental pollution, the scientific basis for such 
estimates will necessarily be shaky, and therefore a prioritisation of environmental 
goals will involve a lot of gut feeling. Unfortunately, it is indispensable neverthe­
less. 

4.3.3 Which Changes of the Modal SpUt Are Desirable? 

While I agree with the general assessment that changes in modal split are poten­
tially usefixl means of improving environmental quality, there are several non-
trivial issues that need to be addressed. 

First, existing research on the relative environmental performance of different 
modes needs to be improved. Relative performance depends in a very complex 
way on the type of environmental problem, the type of traffic (freight vs. passen­
ger, intercity vs. rural vs. intra-agglomeration), and so on. Knowing where the 
relative advantages of, say, railway transportation over road transportation are 
most pronounced is extremely important in order to set the right priorities for a 
change in modal split. 

Second, in most European countries, railways have an extremely low share of 
transportation (at least for passenger transportation, where the share is typically 
around five percent). Even a substantial increase of passenger transportation (in 
the order of magnitude of 20 or 30%) would, in itself, have very little impact on 
environmental quality. Therefore, a notable contribution of railways and of public 
transport in general to the solution of environmental problems is unlikely, except 
in specific regions or in the very long run. This suggests at least two research 
questions, (i) Is there a potential for really big changes in the long run? In brief, 
can other European countries copy Switzerland? (ii) Might it be more effective to 
concentrate activities to support public transport on specific areas where the 
chances of obtaining a significant increase are high? 

Third, the relative environmental performance of different modes is subject to 
change. In several dimensions, automobiles have become less polluting than they 
used to be. It is likely that this trend will continue. To assess to which extent 
changes in modal split should be pursued in the future, it is therefore important to 
have estimates about the relative environmental performance of the different 
modes in the future. 

Fourth, the emphasis of NETE has been on reducing environmental problems 
from road pollution. Pollution by aircraft, which is also extremely problematic in 
many ways, has met with relatively little attention. This was justified as long as air 
transportation was relatively unimportant. The recent turbulence notwithstanding, 
air transportation has increased its share of transportation and its significance as an 
environmental nuisance at a dramatic speed over the last three decades. NETE 
should therefore put more attention on "how to get people out of aeroplanes". 
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4.3.4 Policy Instruments 

Of the many issues arising in this area, I shall pick two examples that are of par­
ticular importance. 

Railway Reform 
Modal split is not only affected by policies that are explicitly designed for this 
purpose, but also by policies that were introduced for very different reasons. A 
case in point is provided by the railway reforms that have been taking place all 
over Europe for more than a decade. These reforms are changing the organisa­
tional structure of the industry. They differ in many ways that are almost certainly 
extremely important for the performance of the railway sector, and thereby for 
modal split. An extremely important research question is therefore: Which bound­
ary conditions for the railroad sector are conducive to a substantial increase in rail 
transportation (at reasonable economic costs)? 

Incentives for Low-Energy Vehicles and Alternative Fuels 
Over the next few decades, the share of vehicles which use alternative fuels or are 
at least extremely energy efficient is likely to increase. Various kinds of policy 
measures might support this process. The conceivable forms of such measures in­
clude different types of subsidies, prizes for successfiil innovations and many 
other options. Very little is known about the optimal design of such policies, not 
even in theory. Understanding which policies may be fruitful is an important theo­
retical question. Analysis of this question can build from a huge literature on in­
novation incentives, which has addressed environmental innovations as well as 
more general innovations. Importantly, however, existing literature must be modi­
fied to deal with innovations in the transportation sector. Crucially, innovators 
(automobile firms) and polluters (consumers) are not identical. This differs from 
standard environmental economics approaches to innovation. 

5 Concluding Remarks 

There are many open questions that research on "Transportation and the Environ­
ment" should address. Personally, I believe that the most important question is 
whether changes in modal split or reductions in specific emissions are more ap­
propriate paths for fixture transportation policy. The answer is by no means obvi­
ous, as it depends on most of the questions addressed in this paper. Whether useful 
contributions can be made, will depend on several factors. 
1. Researchers must take a long-term perspective. Some progress notwithstanding, 

the remaining problems in the relation between transportation and the environ­
ment will take decades of hard work to solve. At the same time researchers 
must take into account that important decision makers are subject to constraints 
that are incompatible with a long-term perspective. 

2. The right division of labour between different disciplines must be found. Eco­
nomists can make there contributions to some topics. On other issues raised he-
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re, psychologists and engineers will have more to say. Transportation research 
has always involved interdisciplinary communication - but there still seems to 
exist room for improvement. 
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Abstract. Transport policy assessment is usually based on a comparative static 
Cost-Benefit Analysis (CBA) using a transport network model. However, trans­
port policies exert impacts also outside the transport system. These impacts exhibit 
different dynamic characteristics and affect other systems than the transport sys­
tem itself like the economic system or vehicle purchase decisions. Hence to im­
prove transport policy assessment it would be required to integrate those systems 
into the analysis and to model the dynamic interactions between them. Following 
these suggestions transport policy assessment could be based on or accompanied 
by measuring indirect effects (e.g. change of GDP or employment). The paper 
describes a dynamic integrated system model to measure indirect effects of trans­
port policies. 

1 Introduction 

This paper addresses improvements in the field of transport policy assessment 
with respect to the long-term macro-level impacts of transport policies. That 
means the emerging fields of micro-simulation of traffic or agent-based modelling 
of activity patterns including transport are outside the scope of the paper. 

The point of departure for transport policy assessment is constituted by cost-
benefit analysis (CBA) that is based on measuring the changes of transport costs 
and transport times calculated by using a transport network model. This rigid 
microeconomic fi*amework of impact analyses has dominated the cost-benefit 
methodology in the transport sector for some decades such that the comparative 
static approach is most fi*equently used as a standard evaluation scheme. It is 
based on a comparison between a situation with and without the considered trans­
port initiative (transport investment project or general transport policy) for a de-
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fined year of the future. For the transport sector this approach has a clear computa­
tional advantage. The forecasting algorithm, which usually includes the socio­
economic development, the change of traffic behaviour, the change of industrial 
location and logistics, the traffic generation, distribution, modal split and assign­
ment on a network scale, has only to be performed for one year of the past (for 
calibration purposes) and one year of the future (for forecasting and impact analy­
ses). Also the assessment and the appraisal analyses can be done by applying 
standard static welfare concepts such that the complex dynamics stemming from 
the feedback mechanisms within the transport sector and between the transport 
sector and other economic sectors as well as the difficult construction of a dy­
namic, intergenerational welfare concept are not necessary. If dynamics are intro­
duced then in most cases they are based on very simple assumptions to avoid the 
complexity mentioned above. For instance in the German standard scheme for the 
evaluation of investments in the Federal transport system it is assumed that the 
yearly benefits, which have been calculated for the year of forecasting, remain 
constant over the life time of the investment projects. 

While the estimation failures stemming from this static procedure might be 
small if small independent projects are considered, which produce only marginal 
changes of the initial situation, in the case of large scale projects or interdependent 
project bundles, which heavily influence the transport sector and other sectors of 
the economy, large errors are possible. Therefore the intention of this paper is to 
show ways forward to improve transport policy assessment in such cases. 

The paper is structured into four sections. The first section describes alternative 
modelling approaches to provide the impact measurement for transport policies. 
This section is followed by three sections each addressing one of the three most 
challenging issues in transport policy assessment: dynamics, integration and indi­
rect effects. 

2 Approaches for Impact Measurement to Perform CBA 

There are well-known deficiencies of CBA that were identified some decades ago. 
In 1972 Dasgupta and Pearce in Cost-Benefit-Analysis - Theory and Practice 
stated that after some 20 years of experience with Cost-Benefit-Analysis (CBA) 
one should expect that a common consensus about the proper methodology and its 
application has been developed. However, they concluded that this was not the 
case. They listed a set of issues over which there was disagreement like the prob­
lem of evaluating non-market goods; and if they have been evaluated then a hypo­
thetical static configuration of the economy was a prerequisite; the point that CBA 
is based on welfare economics, which is a normative theory and therefore not 
testable; and finally the big discussion on the appropriate social discount rate. 
Despite all that they concluded that '^whether these problems constitute insuper­
able objections to the use of CBA, bearing in mind the objections which can easily 
be raised against the alternative decision procedures, isfi)r the reader to judge '\ 
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Looking at the criticism mentioned by Dasgupta/Pearce the situation of CBA 
has improved in the last 30 years. This concerns the establishment of more or less 
agreed valuations for a set of non-market goods like the value of environmental 
impacts e.g. emissions or noise, the value of life or the value of time spent for 
transport. However, all other critics still hold and it looks, as if they cannot be 
resolved because they are inherent to the methodology. Nevertheless, CBA today 
is widely applied in practice and this demonstrates that it is a useful tool for at 
least a vast range of policy decisions including transport policy-making. 

No doubt, the current practice of applying microeconomically founded trans­
port network models for CBA in transport policy-making, provides a useful and 
decent methodology that will play an important role in the future, too. The ques­
tion is whether this state-of-the-art CBA is already a comprehensive methodology 
for all kinds of decisions that have to be taken in the field of transport policy. In 
this paper we identify three directions in which CBA or in wider terms transport 
policy assessment is developing: modelling dynamics, integration of models and 
measuring indirect effects. Before explaining these three directions the next sec­
tion describes potential theoretical approaches to perform a CBA of transport 
policies. 

2.1 Macroeconomic Approaches 

Macroeconomic approaches are usually either Keynesian or Neo-classic. Keynes-
ian approaches presuppose that price mechanism does not work efficiently such 
that important markets are permanently constrained. If this holds for instance for 
the supply sides of the goods market and the labour market then a permanent 
situation of unemployment accompanied with an under-utilisation of the labour 
and capital resources of the economy follows. Public investments, including in­
vestments in networks, then can produce a multiplier effect, which relaxes the 
constraining situation on the markets and moves the economy to a higher equilib­
rium position. 

Neo-classical approaches start from the assumption that the supply side is gov­
erning the economic development. Consequently the production function is in the 
focus of analyses. To analyse the influence of infrastructure on economic devel­
opment it is possible to specify a production function in a way that the transport 
infrastructure represents one of the endogenous factors of economic growth. 
Econometric estimation of the production function eventually disaggregated by 
sectors and inserting the "with and without" figures of transport infrastructure 
capital into the functional gives an aggregate estimate for the influence of the 
transport infrastructure capital on the economy. Aschauer (1989) followed this 
approach, but the results are questioned very much (for an overview see Pfahler et 
al , 1996). 

In both cases, the Keynesian or the Neo-classical, figures of national account­
ing such as gross domestic product (GDP), domestic consumption or domestic 
employment are used as measures of welfare. We will see in the following section 
that this is not conforming to the microeconomic concept of welfare. 
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2.2 Microeconomic Approaches 

The microeconomic approaches are in general based on the Kaldor-Hicks crite­
rion, which states that a public measure brings a net benefit to society if the advan­
taged parties are able to compensate the disadvantaged parties and still enjoy a net 
advantage after compensation. Starting from this general criterion one can work 
out the theoretical foundation either on the base of utility or on the base of demand 
theory. 

The welfare concepts based on demand theory date back to Marshall (1920), 
Hicks (1941) and Henderson (1941). Marshall has introduced the concept of con­
sumers and producers surplus into the welfare discussion. Separating the consid­
ered market from the interrelationships with other markets he depicted the situa­
tion on this market by introducing demand and supply fiinctions and their equilib­
rium position. The equilibrium position is characterised by a price, which does not 
exhaust the consumers' total willingness to pay. The sum of all willingness-to-pay 
measures of the consumers, which exceed the equilibrium price is denoted as the 
consumers surplus. On the suppliers side the equilibrium position can be charac­
terised by the surplus of revenues over costs. The change of the welfare position, 
then, can be measured by the sum of the variations of the consumers' and the 
producers' surplus (see the reformulation of surplus theory by Hicks (1941) and 
Henderson (1941)). 

As the quantification of the demand and supply curves is a non-trivial exercise 
most of the standard evaluation schemes assume that prices are constant over the 
interval considered. In this case one can separate the cost-benefit analysis in two 
parts: the quantification of impacts (forecasting) and the appraisal of impacts us­
ing constant willingness-to-pay measures (appraisal). Usually, these willingness-
to-pay measures are taken from surveys, i.e. they are inserted as constant values 
into the appraisal part. This approach allows for a very differentiated benefit 
measurement, beginning with the generalised costs (operating and time costs) and 
including accident costs, costs of the environment and eventually spatial effects. 
Although computation of costs and benefits is - applying these simplifying rules -
comparatively easy and transparent it incorporates a number of caveats: 
- Willingness-to-pay measures abstract from income distribution, which means 

that people with a higher income usually express the higher willingness to pay 
for a good. 

- The Kaldor-Hicks test is not actually performed but only implicitly done 
through calculating the surplus of benefits over costs. Therefore, it can happen, 
that in a sequence of state actions the same social groups are always losers in 
the public policy game. 

- The rigid assumptions of microeconomic analysis hold, which means that dy­
namic interactions are not considered. 

- If the spatial competition or the sectoral interlinkages are incomplete then the 
partial surplus measures give wrong indications on welfare changes. 
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2.3 Computable General Equilibrium (CGE) Models 

Computable equilibrium models for transport have become popular through the 
work of Krugman (1991), Venables (see SACTRA^, 1999) and Venables and 
Gasiourek, (1998). The main difference to the standard microeconomic approach 
is that spatial CGE (SCGE) models start from the assumption that demand and 
supply are distributed over space and that spatial competition exists, which is 
distorted by market imperfections (monopolistic competition in at least one sector; 
regional barriers to trade). Public activities, which remove restrictions to interre­
gional trade then can be assessed by applying constraint equilibrium modelling 
and comparative static analysis. Obviously this spatial approach has big advan­
tages over the microeconomic approach based on the simple partial market analy­
sis of Marshall. But again this method suffers from the very rigid assumption of 
equilibrium theory and the computational problems, which arise in the real econ­
omy. The analyses of Krugman (1991) and Venables (see SACTRA, 1999) have 
shown, that in order to simulate realistic reaction mechanisms in the regional eco­
nomic system imperfect markets have to be assumed. 

However, a quantitative CGE analysis of interdependent regions with incom­
plete markets in a sectorally disaggregated economic system is very tedious and 
has not been successfixl until now. Therefore the SACTRA Committee of the U.K. 
department of transport has decided - after detailed discussion of the approach of 
Venables and Gasiourek (1998) - to confine itself to a purely qualitative interpre­
tation of the outcomes of this type of models. These outcomes are clearly depend­
ent on the constraints, which are assumed for interregional trade, the flexibility of 
prices, the spatial organisation of the industry, and the regional equipment with 
private and public production sectors. The SACTRA Committee concludes that 
investments in roads can have positive economic effects beyond the effects meas­
ured by the standard microeconomic approach. However, these effects could be 
positive or negative, this means that there cannot be given a general rule for the 
deviation of the actual benefits and costs in the regions from the results which 
have been computed based on traditional microeconomics. Lakshmanan and 
Anderson (2002), dealing with the same question as SACTRA in a White Paper on 
behalf of the US Department of Transportation, suggest, though raising some 
fiindamental doubts about CGE, to fiirther develop CGE for the assessment of 
indirect effects of transport policies. 

2.4 Evolutionary Approaches Using System Dynamics Models 

Since the work of Schumpeter (1934) this branch of economic dynamic theory has 
been developed in cycles. The name results from its parallels to biological evolu­
tion, which is governed by processes of selection and mutation of species. The 
agents do not decide on the base of maximisation calculus, but rather on the base 
of learning schemes. They behave according to routines, which they only change 

Standing Advisory Committee on Trunk Road Assessment, United Kingdom. 
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if failures force them to rethink their attitudes. Satisfying behaviour replaces opti­
mal behaviour because in an uncertain world the agents never know what the 
exact parameters for an optimality calculus are (Simon, 1984). 

Evolutionary development is backed by a history, but historical events never 
repeat in the same form. Also equilibria, if they occur, are never of the same struc­
ture. The notion of equilibrium is much different from neo-classics. This is be­
cause the economic system is permanently driven by endogenous and exogenous 
changes. Business cycles are not dampened over time. In the process of growth 
periods of recessions are not only occurring repeatedly, they are intrinsically mov­
ing forces of the capitalist dynamics. Schumpeter has called this the process of 
creative disruption: Old technology, inappropriate routines are questioned, innova­
tions for products and production processes discovered. Firms, which are not suc­
cessful with this change, disappear from the market and the next upturn is gov­
erned by the successful adopters of the change. According to Schumpeter such a 
system of permanent creation and disruption can grow more dynamically than a 
system in which the neoclassical rules are followed at every point of time. 

The main focus of dynamic analysis is whether the time path of the develop­
ment is sustainable or whether conflicts are expected to occur. Schumpeter for 
instance was interested in the question whether capitalism can survive despite the 
occurrence of heavy business cycles or whether in a phase of deep crisis socialism 
would win and change the economic system. Presently evolutionary modelers are 
more interested in long-term environmental and social sustainability - which does 
not mean a stationary world or a world with constant growth rates. 

The economic theory of evolution has a direct link to the theory of synergy, de­
veloped in physics (Haken, 1983), and the theory of self-organisation, which has 
been influenced by findings in physics, biology and information science. Agents 
are interacting in an uncertain environment, i.e. the activity of one individual is 
responded by others. As soon as the responses go to the same direction they move 
the system to a new state. This process is formulated in a very general way by 
Weidlich's master equation system, which is the basis for a number of approaches 
in economic and social science. Koblo (1991) for instance analyses the inves­
tor's/consumer's interaction and reformulates the Samuelson/Hicks paradigm of a 
business cycle generated by multiplier/accelerator settings. Schuster et al. (1981) 
have shown that game theory can be integrated in such a dynamic approach such 
that strategic behaviour can be analysed. Weidlich and Haag (1984) have applied 
the master equation to migration phenomena and contributed to a better under­
standing of mobility in space. Both authors (Weidlich and Haag, 1999) have ed­
ited a volume on an Integrated Transport and Evolutionary Model. Schreckenberg 
(1998) and Helbing (2001) have developed a reformulation of traffic flow theory 
on the base of self-organisation and agent-modelling, which gives powerful expla­
nations for congestion phenomena. 

When it comes to the measurement of impacts for CBA the main building 
blocks of evolutionary theory can be used by employing System Dynamics Mod­
elling (SDM). The use of system dynamics for giving decision support to transport 
policy makers has been presented in Schade and Rothengatter (2001) and Schade 
(2004). This tool is able to handle a high complexity of interactive subsystems 
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such that it is appropriate to analyse long-term impact mechanisms within the 
transport sector and between the transport sector and other sectors of the economy. 

With system dynamics it is also possible to include the regional dimension. In 
the European project SCENARIOS (Scenarios for the Trans-European Network) 
the regional analysis with quasi-production functions (see Biehl, 1991) consider­
ing agglomeration, space for industrial settlement, transport infrastructure, natural 
resources and infrastructure for education has been successfiiUy combined with a 
system dynamics model to analyse the long-term effect of transport investments 
on European NUTS^ II regions of different type (IWW, 1998). Depending on the 
bottleneck situation of the quasi-production factor "transport infrastructure" this 
instrument diagnoses strong or weak affinities of regions to transport infrastruc­
ture. Therefore in some cases transport infrastructure investments even can lead to 
negative results for the regional economy ("backwash effects"). In other cases 
such investments are the conditio sine qua non for regional development. 

It is possible to integrate a number of welfare criteria into the framework of a 
system dynamics model. This can include microeconomic (individuals), meso-
economic (groups, sectors) and macroeconomic indicators. In particular it is feasi­
ble, to define a standard CB A indicator which measures the change of aggregate 
willingness-to-pay. The difference compared with the microeconomic approach is 
then, that transport system changes and the interactions between regions and sec­
tors as well as the evolution of variables over time is considered in a consistent 
way. Compared with SCGE approaches the system dynamics model has the ad­
vantage that it is not bound to the equilibrium concept. The development can be 
completely evolutionary, i.e. it has a history but it does not necessarily repeat 
itself In the transport sector there is some evidence that this type of dynamics is 
more appropriate to the development, which we can observe, than the equilibrium 
theory. To summarise, system dynamics is a most flexible instrument to cope with 
complex systems in an evolutionary environment and therefore provides an excel­
lent platform for a dynamic assessment of political actions including CBA, as will 
be shown in the next section. 

3 Dynamics 

Transport policies, comprising either infrastructure policies and any kind of regu­
lation or pricing policy, may evoke many reactions inside as well as outside the 
transport system. These reactions will have different time profiles i.e. some reac­
tions will occur immediately after implementation of the transport policy while 
others incorporate lags between policy implementation and policy impacts. These 
time profiles constitute one element of dynamics relevant for transport policy 
assessment. Another element is given by the interaction between the different 
reactions to the policy. It makes a difference if one assumes, like in the compara­
tive static CBA, that all policy reactions occur simultaneously at the forecasting 

Nomenclature of territorial units for statistics. 
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time horizon, or if some reactions occur immediately while others emerge with a 
delay leading to fiirther reactions. As an example one could consider a transport 
pricing policy for road leading immediately to modal shift away from road to 
competing modes. With some lag load factors of road freight will increase due to 
improved logistics to counterbalance the cost increase. Furthermore regions that 
depend less on road transport e.g. concerning their trade relationships or economic 
sectors that show a higher affinity to non-road modes will improve their competi­
tiveness e.g. leading to faster growth than for other regions or sectors. However, 
these reactions exhibit different time profiles than e.g. the modal shifts or the 
change of load factors such that these earlier reactions cause fiirther adaptations to 
later reactions. To capture all these dynamics caused by the variance of response 
times and the interactions of responses should be an objective of improved trans­
port policy assessment such that a shift away from the comparative static CBA 
towards dynamic CBA seems to be required. However, this does not alter that 
much the structure of the CBA approach but it affects the choice of model that is 
used for the impact measurement of policies. Out of the approaches described in 
the previous sections one approach providing these capabilities would be evolu­
tionary economics applying SDM. Therefore the following paragraphs present an 
example of a dynamic CBA using the system dynamics model ASTRA^. 

3.1 Description of the ASTRA Model 

The ASTRA model consists of eight modules that are all implemented within one 
Vensim system dynamics software file. One scenario simulation between 1990 
and 2020 with yearly saving intervals of results generates 270 Mega-Byte of out­
put data. About 12.000 time series are used to calibrate ASTRA for the period 
1990 until 2000. Model variables are grouped into the following eight modules 
shown in Fig. 1. 

A detailed description of the ASTRA model is provided by Schade (2004). The 
following paragraphs briefly describe the concepts of the eight ASTRA modules. 
The Population Module (POP) provides the population development for the 15 
European countries'̂  with one-year age cohorts. The model depends on fertility 
rates, death rates and immigration into the EU15 countries. Based on the age 
structure, given by the one-year age cohorts, important information is provided for 
other modules like the number of persons in the working age or the number of 
persons in age classes that permit to acquire a driving license. POP is calibrated to 
EUROSTAT population predictions (Ponti et al., 2002). 

Assessment of Transport Strategies. Originally developed on behalf of the European 
Commission in 4̂ ^ Research Framework Programme. 
For simplicity reasons we are speaking of 14 European countries, though this always 
means the 15 member states of the EU as of March 2004, of which 13 are represented 
as single countries and two, Belgium and Luxemburg, are aggregated to form one re­
gion. 
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Fig. 1. Overview on the ASTRA model. 
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Abbreviations : 
POP = Population Module 
MAC = Macroeconomics Module 
REM = Regional Economics Module 
FOT = Foreign Trade Module 

TRA = Transport Module 
ENV = Environment Module 
VFT = Vehicle Fleet Module 
WEM = Welfare Measurement Module 

The Macroeconomics Module (MAC) provides the national economic frame­
work, which imbeds the other modules. The MAC could not be categorised explic­
itly into one economic category of models for instance a neo-classical model. 
Instead it incorporates neo-classical elements like production functions. Keynesian 
elements are considered like the dependency of investments on consumption ex-

s 
•J 
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tended by some fiirther influences on investments like exports or government debt. 
Or elements of endogenous growth theory are incorporated like the implementa­
tion of endogenous technical progress as one important driver for the long-term 
economic development. 

Six major elements constitute the ftinctionality of the macroeconomics module. 
The first is the sectoral interchange model that reflects the economic interactions 
between 25 economic sectors of the national economies. Demand-supply interac­
tions are considered by the second and third element. The second element, the 
demand side model, depicts the four major components of final demand: con­
sumption, investments, exports-imports and government consumption. The supply 
side model reflects influences of three production factors: capital stock, labour and 
natural resources as well as the influence of technological progress that is mod­
elled as total factor productivity. Endogenised total factor productivity depends on 
investments, fi*eight transport times and labour productivity changes. The fourth 
element of MAC is constituted by the employment model that is based on value-
added as output fi-om input-output table calculations and labour productivity. Em­
ployment is differentiated into full-time equivalent employment and total em­
ployment to be able to reflect the growing importance of part-time employment. In 
combination with the population module unemployment could be estimated. The 
fifth element of MAC describes government behaviour. As far as possible, gov­
ernment revenues and expenditures are differentiated into categories that can be 
modelled endogenously by ASTRA and one category covering other revenues or 
other expenditures, respectively. Categories that are endogenised comprise VAT 
and fiiel tax revenues, direct taxes, import taxes, social contributions and revenues 
of transport charges on the revenue side as well as unemployment payments, 
transfers to retired persons and children, transport investments, interest payments 
for government debt and government consumption on the expenditure side. 

The sixth and final of the elements constituting the MAC are the micro-macro 
bridges. These link micro- and meso-level models, for instance the transport mod­
ule or the vehicle fleet module, to components of the macroeconomics module. 
That means, that expenditures for bus transport or rail transport become part of 
final demand of the economic sector for inland transport within the sectoral inter­
change model. The macroeconomic module provides several important outputs to 
other modules. The most important one is certainly the GDP. This is for instance 
required to calculate sectoral trade flows between the European countries. Em­
ployment and unemployment are two influencing factors for passenger transport 
generation. The sectoral production value drives national fi-eight transport genera­
tion. Disposable income exerts a major influence on car purchase affecting finally 
the vehicle fleet module and even passenger transport emissions. 

The Regional Economics Module (REM) mainly calculates the generation and 
distribution of freight transport volume and passenger trips. The number of pas­
senger trips is driven by employment situation, car-ownership development and 
number of people in different age classes. Trip generation is performed individu­
ally for each of the 53 zones of the ASTRA model. Distribution splits trips of each 
zone into three distance categories of trips within the zone and two distance cate­
gories crossing the zonal borders and generating OD-trip matrices with 53x53 
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elements for three trip purposes. Freight transport is driven by two mechanisms: 
Firstly, national transport depends on the sectoral production value of the 15 
goods producing sectors where the monetary output of the input-output table cal­
culations are transferred into volume of tons by means of value-to-volume ratios. 
For freight distribution and the further calculations in the transport module the 15 
goods sectors are aggregated into three goods categories. Secondly, international 
freight transport i.e. freight transport flows that are crossing national borders are 
generated from monetary intra-European trade flows of the 15 goods producing 
sectors. Again transfer into volume of tons is performed by applying value-to-
volume ratios that are different from the ones applied for national transport. In that 
sense the export model provides generation and distribution of international trans­
port flows within one step on the base of monetary flows. 

The Foreign Trade Module (FOT) is divided into two parts: trade between the 
EU15 member states of the year 2003 (INTRA-EU model) and trade between the 
EU15 countries and the rest-of-the world (RoW) that is divided into 12 regions 
(EU-RoW model). Both models are differentiated into 25 economic sectors and 
bilateral relationships between country pairs. The ENTRA-EU trade model de­
pends on three endogenous and one exogenous factor. World GDP growth exerts 
an exogenous influence on trade. Endogenous influences are provided by GDP 
growth of the importing country of each country pair relation, by relative change 
of sectoral labour productivity between the countries and by averaged generalised 
cost of passenger and freight transport between the countries. The latter is used as 
a kind of accessibility indicator between the countries. The EU-RoW trade model 
is mainly driven by relative productivity between the European countries and the 
rest-of-the-world countries. Productivity changes together with GDP growth of the 
importing RoW-country and world GDP growth drive the export-import relation­
ships between the countries. Since, transport cost and time are not modelled for 
transport relations outside EU15 transport is not considered in the EU-RoW 
model. The resulting sectoral export-import flows of the two trade models are fed 
back into the macroeconomic module as part of final demand and national final 
use respectively. Secondly, the ESFTRA-EU model provides the input for interna­
tional freight generation and distribution within the REM module. 

Major input of the Transport Module (TRA) constitutes the demand for passen­
ger and freight transport that is provided by the REM in the form of OD-matrices. 
Using transport cost and transport time matrices the transport module is perform­
ing the modal-split for five passenger modes and three freight modes. Cost and 
time matrices depend on influencing factors like infrastructure investments, struc­
ture of vehicle fleets, transport charges, fuel price or fuel tax changes. For road 
transport network capacity and network loads are considered for four different 
road types such that congestion effects may affect the road transport time matrices 
in a simplified way. For other modes rough capacity models and capacity con­
straint functions are developed such that interactions between load and travel 
times can also be taken into account. Depending on the modal choices, transport 
expenditures are calculated and provided to the macroeconomic module. Changes 
in freight transport times are also transferred to the macroeconomic module such 
that they may influence total factor productivity. Considering load factors and 
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occupancy rates respectively, vehicle-km are calculated. These represent an im­
portant input for the ENV module where emissions or accidents are calculated and 
for the VFT module, which estimates the new purchase of road vehicles besides 
cars. 

Major output of the TRA provided to the Environment Module (ENV) are the 
vehicle-kilometres-travelled (VKT) per mode and per distance band and traffic 
situation, respectively. Based on these traffic flows and the information from the 
vehicle fleet model on the different vehicle fleet compositions and hence on the 
emission factors, the environmental module is calculating the emissions from 
transport. Besides emissions, fiiel consumption and, based on this, fixel tax reve­
nues from transport are estimated by the ENV. Traffic flows and accident rates for 
each mode form the input to calculate the number of accidents in the European 
countries. Expenditures for fixel, revenues from fiiel taxes and value-added-tax 
(VAT) on fixel consumption are transferred to the macroeconomics module and 
provide input to the economic sectors producing fiiel products and to the govern­
ment model. 

The Vehicle Fleet Module (VFT) is describing the vehicle fleet composition for 
all road modes. Vehicle fleets are differentiated into different age classes based on 
one-year age cohorts and into different emission standard categories. Additionally, 
car vehicle fleet is differentiated into gasoline and diesel powered cars with differ­
ent cubic capacity categories. Car vehicle fleet is developing according to income 
changes, development of population and of fiiel prices. Vehicle fleet composition 
of bus, light-duty vehicles and heavy-duty vehicles mainly depends on driven 
kilometres and the development of average annual mileage per vehicle of these 
modes. The purchase of vehicles is translated into value terms and forms an input 
of the economic sectors in the MAC that cover the vehicle production. 

Finally, in the Welfare Measurement Module (WEM) major macroeconomic, 
environmental and social indicators can be compared and analysed. Also different 
assessment schemes that combine indicators into aggregated welfare indicators, 
for instance an investment multiplier, are provided in the WEM. In some cases 
e.g. to undertake a CBA the fiinctionality is separated into fiirther tools to avoid 
excessive growth of the core ASTRA model by including the fiill CBA assessment 
scheme directly in the model. 

The integrated modular approach of ASTRA reveals the advantage that feed­
back loops, which commence on the micro- or meso-level in one of the modules 
(e.g. transport expenditures for one mode and one OD-pair in one distance band in 
the TRA) and then end up with an effect on the national level (e.g. changes in 
sectoral consumption and gross-value-added), can influence the originating mod­
ule such that the feedback loop is closed e.g. in this case by the integration of the 
MAC module. Closing the feedback loop then implies to establish either macro-
micro-bridges (e.g. from GDP and sectoral output to goods flows) or vice versa 
micro-macro-bridges (e.g. from transport investments into vehicle fleets to overall 
investments). 

System dynamics methodology used to develop ASTRA was first developed 
during the 1960s by Forrester (1962, 1977). It rests on a few building blocks to 
construct a model, which are level and flow variables, auxiliary variables, parame-
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ters and, if using the graphical representation of a system dynamics model, con­
nectors to describe the structure of the system. Mathematically a system dynamics 
model consists of non-linear differential equations that are computed by numerical 
integration since usually analytic solutions for the system of equations cannot be 
found (Sterman, 2000). The construction of system dynamics models assumes that 
the behaviour of a system is primarily determined by its feedback mechanisms. 
''The central concept that system dynamicists use to understand system structure is 
the idea of two-way causation or feedback'' (Meadows, 1980: 31). 

3.2 Approach for Dynamic CBA with ASTRA 

In principle most of the necessary indicators to be considered for a transport CBA 
(TCBA) are already implemented in ASTRA. Hence, to develop the dynamic 
CBA only the standard calculation scheme for a CBA has to be added to the 
ASTRA model. The dynamic CBA in ASTRA follows the approach of the Ger­
man Federal Transport Infrastructure Planning procedure (BVWP), which is simi­
lar to other European, Japanese or US evaluation schemes in terms of the core 
categories of considered benefits. To derive the net present value the costs and 
benefits are discounted with a rate of 3% that also stems from the German BVWP 
(BMV, 1993). In total seven categories of (dis-)benefits are considered in the 
ASTRA TCBA: 
- Variable transport costs: Considering all modes for passenger and freight (ex­

cept pipelines) in all distance bands. 
- Transport times: Considering all modes for passenger and freight (except pipe­

lines) in all distance bands. The number of trips that are used for the calculation 
of time savings is revised by a subtraction of the induced trips per corridor. 

- Induced transport: Considering all modes for passenger and freight (except 
pipelines) in all distance bands. To estimate the number of induced trips the to­
tal over all modes per corridor (is equivalent to an OD-pair in ASTRA) from 
the base scenario is compared with the number of trips in the policy scenario. If 
number of trips and trip length increase in the policy scenario the difference is 
estimated to be induced trips. These are then distributed to the modes propor­
tionally and their benefits are monetised with the generalised cost of a trip (ana­
logously for freight). 

- Transport investments: Considering all modes for passenger and freight (except 
pipelines). There are two options to consider investments: The usual way is to 
calculate only the investments in infrastructure. But as ASTRA also estimates 
all investments in vehicles for all modes changes in those investments can be 
considered, too. 

- Safety: Four categories of consequences of accidents are estimated for all mo­
des: Fatalities, serious injuries, light injuries and material damages. They are all 
considered in the CBA. 

- Environment: CO2 and NOx emissions of all modes are estimated with life 
cycle assessment approach that includes the production stages of vehicles and 
ftiel or electricity, respectively. For particulate matter the potential risk of local 
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immission concentrations are estimated and put in relation to affected popula­
tion. Obviously there are several important environmental indicators missing 
e.g. noise. 

- Employment: The change in overall employment in the economy is calculated 
and monetised by cost values from the German BVWP. This might be a source 
for double counting. On the other hand employment can be seen as rough proxy 
for equity or changes in fairness. 
Results of the dynamic CBA can either be displayed as benefit-cost-ratio or as 

benefit-cost-balance. Benefits for the mentioned indicators would be a reduction 
of (total) transport expenditures, time savings because of a reduction of transport 
times, induced transport, a reduction of investments needed for transport, a reduc­
tion of emissions and accidents and an increase in employment all compared with 
the base scenario. Benefits that are associated with reduced transport likewise turn 
into costs or disbenefits for the case of induced transport. 

3.3 Results for the Dynamic CBA^ 

For the prototypical demonstration of a dynamic CB A using ASTRA two policies 
have been tested: 
- Tax for TEN (Trans-European Networks): Increase of gasoline and diesel fuel 

tax over a period of 15 years to cover the investment costs of the implementa­
tion of the European rail TEN that are part of the priority projects of the TEN. 
That means tax increases are varying according to the funding needs for the 
TEN investments and the progress in their construction. 

- Integrated Policy: The rail TEN are implemented in the same way as in the Tax 
for TEN policy. Furthermore gasoline and diesel fuel tax are stepwise (i.e. in­
crementally) increased by 5% every 2 years from 2000 through 2010. Addi­
tional tax revenues are used to reduce labour cost. On top of this the tax level of 
gasoline and diesel taxation is balanced, which leads to a fiirther increase of 
diesel taxes. New European emission legislation for automobiles are introduced 
at an earlier point of time (3 years in advance) starting with EURO II. Seat-belt 
usage of car drivers is increased to a level of 98% for non-urban roads in all 
countries. 
The impact of the two policies on fuel tax revenues for the European Union are 

presented in Fig. 2. In the Tax for TEN policy additional fuel taxes are generated 
in three distinct five-year periods between 2000 and 2015 with the highest in­
crease of about 12% in the first five years. After 2015 the revenues are slightly 
below the base scenario revenues as car modal share is reduced because of the 
increased attractiveness of rail. In the Integrated Policy the additional fiiel taxes 
reach a peak level with a 50% increase in 2010, when all tax increases are imple­
mented but the implementation of high-speed rail is not completed such that mo-

Results in this section refer to an earlier version of ASTRA that incorporates a spatial 
resolution of the EU15 countries into four macro regions instead of 15 countries and 
53 zones. 
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dal shift towards rail is only partially taking place. Instead, over a 10-years period 
there is also a strong modal shift towards air that is gradually reduced when the 
high-speed rail network is completed. 

Fig. 2. Changes of revenues and modal split due to the two policies. 
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The results of the dynamic CBA are presented in Fig. 3, which shows the evo­
lution of the CBA-ratio between 2005 and 2030. The period before 2005 is con­
sidered for the calculation of costs and benefits but is not included in the figure as 
it has some initial peaks because of the division by small numbers. The results 
indicate that there is no policy that is superior at all points of time and that the 
Integrated Policy provides higher total benefits. 

Table 1 shows the numerical values of CBA-ratios for selected points of time. 
The bold numbers indicate which policy would have been the best in a compara­
tive static CBA with this specific time horizon. We notice that with a time horizon 
2010, 2025 and 2030 the Integrated Policy would be most advantageous. But at 
2015 it would be the Tax for TEN. Hence, we state that the result of a comparative 
static CBA might be rather arbitrary depending on the time horizon that is chosen. 
At this stage we leave open how to decide what would have been the "correct" 
time horizon in this case. 

Table 1. CBA-Ratios for selected points 

2010 

Tax for TEN 1-27 

Integrated Policy 1-88 

of time. 

2015 

2.12 

2.06 

2025 

2.67 

2.72 

2030 

2.82 

3.14 

Source: ASTRA model 

Year 
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Fig. 3. CBA-ratio and total benefits for the two policies from 2005 to 2030. 
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We complete the picture of the dynamic CBA by an analysis of the distribution 
of benefits (disbenefits) onto the 9 (7) categories considered. Fig. 4 shows the 
distribution of the benefits summing up to 100% over all nine categories for the 
Tax for TEN policy and the Integrated Policy. In the Tax for TEN policy time 
savings plus induced transport for passenger and freight contribute more than 85% 
of the total benefits of which about two thirds is induced transport. 

However, for the Integrated Policy time savings plus induced transport contrib­
ute less than 60% of total benefits, which is still a large share. But in this case the 
benefits of reduced externalities amount to more than one third of all benefits, 
while those in the Tax for TEN policy are close to zero changes in 2030. Reduced 
externalities in this policy are only significant in the period 2000 to 2015 when the 
fuel tax is increased to finance the TEN investments. Afterwards, despite modal 
shift towards rail the overall increased transport activity counterbalances the suc­
cess of the modal shift. 

Looking closer at the size of the shares reveals that in the Integrated Policy the 
passenger time savings play also an accentuated role as they produce the second 
biggest share of benefits after the externalities, while in the Tax for TEN policy 
they are similar to the benefits of freight time savings and the benefits of induced 
transport. This can be explained since in the Tax for TEN policy less persons shift 
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to train mode since the tax level is back to the base scenario level after the com­
pletion of the TEN construction. Therefore less people benefit from the faster train 
transport and road transport is less released such that transport times by road are 
higher than in the Integrated Policy case in which there remains a significant in­
crease of fuel tax after the termination of the TEN construction. In this case push 
(tax increase) and pull (rail quality improvement) forces unfold synergies to in­
crease the benefits while in the Tax for TEN ovXy the pull forces are substantial. 

4 Integration 

The transport system is connected with other complex systems like society, econ­
omy and environment. In 1995 in the EU15 countries transport services generated 
4% of the GDP and 6.2 million employees - that is 4.2% of all employees - are 
working in the transport sector. These figures exclude the production of infrastruc­
ture and vehicles. Transport forms part of the social life of society by providing 
the basis for personal mobility. This is reflected by the growing passenger trans­
port demand that reached a value of 4,800 billion pkm in the year 1999. On the 
other hand transport is a major source of environmental burdens that influences 
sustainability adversely, contrarily to the positive welfare effect and the mobility 
effects of transport. In 1999 road transport caused 43,000 deaths by traffic acci­
dents within the EU15 countries. The World Health Organization (WHO) esti­
mates that additionally 80,000 people in EU15 are killed by hazardous gaseous 
emissions of transport per year. The significance of transport for global effects 
like the greenhouse effect is substantial as CO2 emissions of transport contribute 
with a share of 29% to the man made CO2 emissions of the EU15 (Eurostat, 
2001). This imbedded situation of transport is reflected in Fig. 5. 

Given the situation of transport being imbedded into the other systems as well 
as the interactions between the other systems, the development of assessment 
models that consider the impacts in each of the systems and the feedbacks from 
each change within one of the systems to the other systems is necessary. A key 
characteristic of such assessment models is the need for integrating the different 
systems into one integrated model. Three levels of integration can be distin­
guished: 
- Integrated models 

- integrative coded models 
- computer network linked models 

- Separate models. 
The lowest level of integration is reached with separate models that exchange 

their results at a few points of time. In most cases the exchange occurs at the final 
point of time of the assessment time horizon such that the final result of one model 
becomes an input to the other models. That implies that there is no feedback con­
sidered from the latter model to the former model. An example for this type of 
linkage can be found in the lASON project, which is funded by the European 
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Fig. 5. Transport and its linkages to the sustainability triangle. 

Commission, in which a simulation model for regional analysis (SASI) is linked to 
a CGE model for distributive spatial analysis (CGEurope) where SASI provides 
transport cost and time information on NUTS III level for the year 2020 to CGEu­
rope, which is then calculating new market equilibria from which the spatial im­
pact of the policy is derived (Brocker et al , 2001). An example with increased 
integration developed in the TERM AC project, which is funded by the European 
Commission, is the linkage of an econometric macroeconomic energy-
environment model (E3ME) with a transport network model (SCENES), which 
manually exchange information in both ways at one intermediate point of time in 
2010 and at the fmal point of time in 2020 (Kohler et al , 2003). 

Developing integrated models starts with the next level of integration and con­
cerns the field of Integrated Assessment Models (lAM) that follow two ap­
proaches: network linked models and integrative coded models. Network linked 
models can be implemented using different software on spatially separated com­
puters but require a common network interface that integrates the separate models 
into an integrated systems model. Integrative coded models would be imple­
mented by a single software within the file structure of the software and would run 
on one computer or computer cluster. 
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An example of network linked models is developed in the SAT project, which 
is also funded by the European Commission, where an economy-transport-
environment model (ASTRA) is linked via computer networks to a transport net­
work model (VACLAV) and the final result of both models is linked to a separate 
model for calculation of regional small scale environmental indicators (Regio-
SUSTAIN, see Fig. 6). In that case the first two models, ASTRA and VACLAV, 
perform a two-way exchange of results in regular intervals and after any kind of 
policy implementation. 

Fig. 6. Network linked models ASTRA-VACLAV and their integration with 
Regio-SUSTAIN model. 
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The highest level of integration is reached with integrative coded models that 
include all implemented systems within one model developed by the same soft­
ware to enable unlimited connectivity between the system models. The ASTRA 
model described in Section 3.1 provides an example of an integrative coded model 
when it comes to assessing the macro- and meso-scale impacts of transport poli­
cies.^ It includes seven models stemming from several scientific disciplines and an 

As mentioned in the previous paragraph, if detailed analysis e.g. on small-scale re­
gional level should be undertaken then ASTRA has to be linked to a model for re­
gional analysis. 
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assessment model that are all implemented within one file. At each calculation 
interval all models exchange their results such that previous and current reactions 
to transport policies in each of the models could impact any other model. For 
example, income changes due to taxation policies exert an influence on the car 
purchase behaviour and hence on car ownership. The latter provides an influence 
on trip making behaviour and modal-choices, which in turn influences private 
expenditures for different modes affecting the revenues of the different modes 
leading to sectoral output and employment changes of the transport service sec­
tors. These impacts include models like macroeconomic model, car fleet model, 
passenger transport model and modal-split model and any of these models could 
forward its changes to all other seven models. 

The variety of levels of integration and fi'equency of exchange of results be­
tween different systems of integrated models as described by the model combina­
tions in the previous paragraphs are summarised in Fig. 7. 

Fig. 7. Classification of model integration. 
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5 Indirect Effects 

In general comparative static CBA based on network models is used for transport 
policy assessment. This approach only measures the direct effects of transport 
policies with the core indicators of volumes, transport times and cost changes that 
are used to calculate microeconomic welfare indicators. However, what is interest­
ing from the welfare point of view and the requirement to undertake a complete 
assessment are the indirect effects. Indirect effects occur outside the transport 
system i.e. in other markets like product markets or land and labour markets. An­
other type of indirect effects would be environmental and health impacts (e.g. 
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accidents). However, the following discussion concentrates on the economic indi­
rect effects and their effects on non-transport markets and private households. A 
fiirther term relevant for the discussion are additional effects that would be the 
welfare difference between indirect effects and direct effects, such that: 

Indirect effects = Additional effects + Direct effects 
In an ideal world with perfect markets and rational behaviour the additional ef­

fects would be zero such that direct effects would equal indirect effects and we 
could go on using the current comparative static assessment scheme for transport 
policies. However, usually we are far away from this ideal world such that indirect 
effects are probably different from direct effects and additional effects would 
exist. At this point it should be clearly stated that the notion 'additional effect' 
does not imply that these will be positive (>0). They could also become negative 
(<0) e.g. if some of the direct effects (direct benefits) get lost during the transfer 
between the different markets. The estimation of potential additional effects has 
been on the research agenda for quite some time and under different headings, 
most often with the main purpose to identify the full indirect effects of transport 
policies (e.g. also appearing as "wider economic effects", "spill-over effects") 
without comparing it with results of the conventional measurement of direct ef­
fects. 

One famous example of the search for indirect effects was the Aschauer debate 
(1989) about a decade ago highlighting that the question of macroeconomic im­
pacts of transport policy at that time was not answered. Aschauer concluded from 
a rather aggregate regression approach that public infrastructure investment in­
cluding transport infrastructure investment would significantly foster economic 
growth expressed as growth of GDP as an indirect effect of transport policy. Crit­
ics convincingly argued that the analysis contained some flaws and would there­
fore exaggerate the impacts (e.g. Pfahler et al., 1996). Hence, common approach 
for transport policy assessment after the debate remained cost-benefit analysis 
measuring direct transport impacts like transport time and cost changes on the 
transport networks though Nijkamp et al. (2003) found out in a meta-analysis of 
39 studies on the relationship between public infrastructure and long-run growth 
that 72% of them identified a positive relationship. But the direction of causality 
remained unclear i.e. the question if growth comes first and then the money for 
infrastructure investment to relieve bottlenecks is available or if infrastructure 
would come first and induces economic growth is unanswered. Probably it ac­
counts for a mutual relationship as Wang (2002) points out. 

An important contribution in the late 1990s to the still ongoing debate on addi­
tional effects stems from the Standing Advisory Committee on Trunk Road As­
sessment in the UK (SACTRA, 1999). Using results of a stylised spatial comput­
able general equilibrium (CGE) model developed by Venables and Gasiorek 
(1998) SACTRA concluded that additional benefits of transport policy would 
exist, that they could become negative or positive and that they are meant to be 
small. 

Spatial CGE models are used to analyse additional effects and indirect effects 
of transport policies by Brocker (2001) and Brocker et al. (2004), who arrive at 
similar conclusions as SACTRA with additional effects being small and either 
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positive or negative. Their results are based on CGEurope, a spatial CGE covering 
all Europe with about 1,300 zones and using a limited sectoral differentiation. 
Welfare in these CGEs is measured as equivalent variation but can also be trans­
lated into GDP changes or changes of disposable income to compare CGE results 
with other models that do not include equivalent variation.^ 

Oosterhaven and Elhorst (2003) developed a spatial CGE model for the Nether­
lands, which in contrast to CGEurope includes a finer sectoral differentiation and 
imperfect labour markets. Applying this model for case studies of new Maglev 
links led to significantly higher results for additional effects, which again could 
become negative or positive. 

Measurement of additional effects in this paper is performed by applying the 
system dynamics model ASTRA (see Section 3.1, Schade, 2004). The difference 
of ASTRA compared to the CGE approaches listed above accounts for the usage 
of a dis-equilibrium model instead of an equilibrium model and the formulation of 
a dynamic approach that reveals as results trajectories of reactions to transport 
policies. Furthermore the iceberg-type consideration of transport cost introduced 
into economic modelling by Samuelson (1954) and usually applied in spatial CGE 
models is replaced by an OD-pair-based and modal differentiated transport gener­
alised cost approach. 

The question related to indirect effects in ASTRA concerns the way the trans­
port system, modelled on the micro-level of transport decisions of household 
groups, is linked to the macroeconomic system. For this purpose micro-macro 
bridges are implemented. Micro-macro bridges have the most important task of 
connecting ASTRA modules that are modelled on a micro-level e.g. on the base of 
modal choice decisions for a specific OD-pair with modules modelled on a meso-
level like economic sectors or even a macro-level like national aggregates. Imple­
menting micro-macro bridges establishes influences of the transport system on the 
economic system that so far have not been realised within one integrated model 
elsewhere. An example would be the link between the transport module (TRA) 
calculating results on the level of roughly 60,000 origin-destination transport 
flows for each passenger and fi*eight transport and the macroeconomic module 
(MAC) finally incorporating these results within variables like consumption or 
investments on the level of a few sectors per country totalling to 84 input links (14 
countries times 6 directly affected economic sectors) for each of these variables. 

Two major questions have to be answered designing the micro-macro bridges: 
First, how could we aggregate the detailed flow-based transport data to feed the 
results sensibly into the MAC. Second, what would be the appropriate link point 
for each of the detailed inputs fi*om the micro-level modules to the meso-level and 
macro-level modules. 

The first question most often could be answered easily as obviously the country 
level is the most relevant level in the macro-level modules. However, sometimes 
data can be aggregated in different ways to country level e.g. in the case of the 

It should be clearly differentiated between equivalent variation as welfare indicator 
following welfare economic theory and GDP as an indicator of monetary and material 
wealth, only. 
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origin-destination flows one could aggregate all originating flows of a country or 
all ending flows of a country but optionally one could also consider that most long 
distance flows pass through several countries on their way between origin and 
destination such that each of the countries could in principle be affected. By split­
ting the effects of the trip onto the different countries the latter could be taken into 
account. We will call the latter point of view the domestic (aggregation) approach 
while the first approach aggregating all originating transport as belonging to the 
origin country the origin (aggregation) approach. For instance, the origin approach 
would be relevant for finding out about the transport expenditures of all residents 
of a country, which in this case is based on the simplifying assumption that all 
trips identified by the transport model as originating fi-om a country are made by 
residents. 

The second question represents the more tricky one. In some cases the link 
points between micro- and macro-level modules might be obvious e.g. the expen­
ditures for fuel burned in private cars is clearly linked to the fuel and power sector 
in the consumption model of the MAC. However, other links are more difficult 
and could only be answered by intensive review of the literature, by own investi­
gations or by rules based on expert judgement and rough approximations e.g. the 
incorporation of time savings into the MAC, which e.g. could influence labour 
productivity, total factor productivity (TFP) or the capital costs for goods that are 
transported. Considering these remarks six most important micro-macro bridges 
are implemented: 
- passenger transport expenditure and sectoral consumption, 
- transport demand, transport policy and sectoral investment, 
- transport per mode and sectoral employment, 
- fi-eight transport times and TFP, 
- transport cost and intermediate inputs of input-output tables and 
- transport generalised cost and exports. 
Model analysis revealed that within the fixUy integrated context the link between 
fi*eight transport times and TFP, the private transport consumption expenditures 
and the influences of transport on exports are the most relevant micro-macro 
bridges for indirect effects. 

In total, results of the indirect effects depend on the interactions between short-
and long-term dynamics of the ASTRA model. First to be mentioned are the dy­
namics between transport and the economy themselves let it be changes in trans­
port cost or times that have economic implications or changes in economic activity 
that exert transport changes. Second, on the transport side dynamics are related to 
modal shift in the short term and change of generation-distribution in the longer 
term. Third, on the economic side dynamics concern the interplay between sectors, 
consumption, exports, investments and TFP. Also government may play a role if a 
significant increase or decrease of government debt is caused by a policy. Finally, 
all these effects exert an impact on a country's GDP and the alternative indicators 
to measure indirect effects. 

An extended analysis of transport-economic interactions in ASTRA can be 
based on the example of testing reactions to a pricing policy i.e. implementing 
Social Marginal Cost Pricing (SMCP) for all transport modes. Fig. 8 presents 
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major impact chains that are stimulated by SMCP policy focusing on the dynamic 
profiles of impacts. Each chain starts with the SMCP implementation on the left 
hand and ends with change of GDP on the right hand. However, each chain fol­
lows different time structures such that in some cases SMCP policy immediately 
affects GDP. ASTRA performs calculations on a quarterly base. In that sense, 
immediately could mean in the same quarter or in the subsequent quarter depend­
ing on the structure of equations. In other impact chains it takes up to 5 years until 
the bulk of impacts is reaching GDP. In the figure it is also indicated that there are 
interactions between different impact chains. And GDP changes feed back into the 
chains e.g. to income or exports. Nevertheless, the figure shows only a selection of 
important chains that is by far not exhaustive. 

Fig. 8. Impact chains responsible for indirect effects kicked-off by pricing policies in 
ASTRA (according to Schade, 2004). 
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The following paragraph presents a comparison of direct effects with indirect 
effects for a pricing policy in EU15 as defined in the TIPMAC project (Ponti et 
al., 2002). The structure of ASTRA incorporating both a transport model and 
economic models enables to measure direct effects and indirect effects in parallel 
within one model. Direct effects of transport policy can be measured as consumer 
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surplus considering the rule of half (Mackie et al., 2001) and indirect effects are 
measured as changes of GDP. Both indicators are discounted by 3% to the year 
2002. 

Fig. 9 presents results for two variants of the pricing policy. In the standard 
variant the revenues generated by the pricing policy are recycled by reducing 
direct taxes of households leading to balanced income. In this case we note a large 
difference between direct effects (consumer surplus) that indicates on average a 
loss of 250bn EUR annually compared with nearly neutral indirect effects (GDP). 
In the scenario variant indicated as worst case the revenues of the pricing policy 
are not refunded to the households but go into the general government budget 
reducing the government debt. In this case direct effects (consumer surplus, worst 
case) do not show any significant difference to the standard scenario while the 
indirect effects (GDP, worst case) are much different from the standard variant. 
The two obvious conclusion are: first, that direct and indirect effects can be much 
different from each other, and second, that it is rather important to analyse com­
plete policies i.e. if revenues are generated by a policy to consider the usage of the 
revenues or if investments are made to consider their financing. 

The surprising ASTRA results concerning the potentially large difference be­
tween direct and indirect effects are contradicting the SACTRA (1999) conclu­
sions that additional effects of transport policies are small. ASTRA results are 
substantiated by analyses in the lASON^-TIPMAC^ projects, in which direct and 
indirect effects of the same transport policies are analysed with different models 
(SASI, CGEurope, E3ME-SCENES, ASTRA). In fact, economic mechanisms in 
the models used to analyse indirect effects seem to dominate and transform the 
effects measured in the transport system. This conclusion seems to be valid for 
large infrastructure programmes or national policies. It could be different for sin­
gle small-scale infrastructure projects e.g. those analysed in the UK SACTRA 
studies (1999). 

Obviously, for large infrastructure programmes or national transport policies 
current CBA practice based on direct effects only is not sufficient. The final re­
sults in terms of social and economic impacts measured as (un-)employment and 
either as GDP, income or equivalent variation are produced by economic mecha­
nisms that seem to change the result for the direct effects based on consumer sur­
plus or generalised cost significantly in some cases even changing the algebraic 
sign between direct and indirect effects. 

Integrated Appraisal of Spatial economic and Network effects of transport invest­
ments and policies, Project on behalf of the European Commission 5*̂  Research 
Framework Programme. 
Transport infrastructure and policy: a macroeconomic analysis for the EU, Project on 
behalf of the European Commission 5̂ ^ Research Framework Programme. 
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Fig. 9. Comparison of direct effects and indirect effects with varying usage of road charge 
revenues. 
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6 Conclusions and Outlook 

Measuring indirect effects of transport policies probably will remain the most 
demanding topic in transport economics especially if one aspires to assess large 
scale policies let it be the TEN, European pricing policies or transport policies of 
national significance. Addressing this question several European models are com­
peting each following its own modelling approach leaving the standard transport 
network modelling approach. The range of modelling approaches spans from 
spatial computable general equilibrium models (e.g. CGEurope) over econometric 
approaches (e.g. E3ME-SCENES) to various dis-equiUbrium approaches based on 
simulation techniques like system dynamics (e.g. ASTRA, SASI). The conclusion 
derived from ASTRA, supported to some extent by the other models, is that indi­
rect effects can be significant such that economic mechanisms would dominate the 
benefits measured within the transport system. 

It seems that looking at large scale policies it becomes very important to base 
assessment on or at least to accompany transport policy assessment by a meas­
urement of indirect effects of the policies. Prerequisite for appropriate policy de­
sign would be a complete definition of policies including all levers where a policy 
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could have an impact e.g. a transport charge raises transport cost for the users but 
it also generates revenues that at some point have to enter the economic system. 

Important model features to estimate indirect effects of transport policies are to 
consider dynamics as the time profile of the different impact chains can be rather 
different and to integrate the relevant systems into the analysis e.g. transport, 
trade, vehicle fleet and car ownership, population and the economic system since 
all these systems could provide significant responses to the transport policies. 

An open dispute between the models remains the question if sectoral differen­
tiation is important or not where the spatially disaggregated models (e.g. CGEu-
rope) argue that it could be neglected, while in ASTRA sectoral shifts provide 
important indirect effects. 

In general it can be concluded that distributive effects constitute an important 
part of additional effects. Three different distributional dimensions are relevant: 
spatial distribution, sectoral distribution and social distribution of impacts of the 
policies. The first two dimensions are covered by the models listed above (spatial 
distribution: SASI, CGEurope; sectoral distribution: ASTRA, E3ME), while the 
third dimension, the social distribution of impacts is lacking adequate representa­
tion in the models such that efforts are needed to integrate it better in those models 
or in models that link transport to a social distribution model. 
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Abstract. The role of this intervention is to respond to the presentation of three 
authors in the session on transport and environment. The choice of areas for re­
search proposed by these authors is generally supported. Five general areas for 
possible further research are highlighted: the real world as opposed to abstrac­
tions; the spatial aspects of transport costs and benefits; further research on envi­
ronmental externalities; a more sophisticated approach to cost-benefit analysis; 
and the economic implications of transport innovations. 

1 Introduction 

This article is meant to provide a policy maker's response to the presentations 
made earlier in the session on transport and environment. Rather than going 
through the arguments made by the individual authors one by one, the approach of 
this paper takes its starting point from the environmental impacts of transport. 
References to the presentations in the session will be made as appropriate. This 
will then lead to a tentative formulation of areas that may be of interest for further 
study by economists. The opinions expressed in this article are those of the author 
and do not constitute a policy statement by the European Commission. 

The paper by Schmutzler^ sets the scene by spelling out an analysis of the envi­
ronmental impacts of transport, distinguishing the emissions of harmful substances 
from each mode of transport by the modal shares and the overall volume of trans­
port activity (Fig.l). 

See contribution of Armin Schmutzler, Transportation and the Environment - Per­
spectives for Future Research, in this volume. 

mailto:guenter.hoermandinger@cec.eu.int
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Fig. 1. A possible breakdown of the environmental impacts of transport 

Emissions of type i: 

^i ~ J 2^ m f^mF^miF "^ P2^ m f^mP^miP 

m - mode of transportation 
f, p - volumes of freight and passenger transport 
A^mF ? Minp - modal shares 
m̂iF J m̂ip - specific emissions of mode m 

While this expression already contains a number of far-reaching simplifications 
(emissions are not the same as impacts; the spatial aspect of the emissions is not 
taken into account; not all impacts have the character of emissions, e.g. damage to 
the landscape or changes in lifestyles), it nevertheless usefully illustrates the ge­
neric intervention logic of environment policy, not only in transport policy but in 
relation to unwanted impacts of any human activity. Whenever such unwanted 
impacts are to be reduced, two types of response are possible in principle: the 
overall amount of that activity could be reduced, and/or it could be conducted in a 
different manner. Specifically in the field of transport, this has been spelled out in 
a research project called SPRITE that was undertaken on behalf of the European 
Commission^ (Fig.2). 

Fig. 2. Environmental intervention logic in transport policy according to SPRITE 
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From the point of view of public policy, these alternatives have very different 
implications. The specific emission factors r{^^^ denote (at least for road vehicles) 

SPRITE (Separating the Intensity of Transport from Economic Growth). Project 
funded by the European Community under the Fifth Framework Programme for re­
search, 'Competitive and Sustainable Growth' (1998-2002), http://www.its.leeds. 
ac.uk/proj ects/sprite/. 

http://www.its.leeds
http://ac.uk/proj
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one of the success stories in terms of environmental policy intervention in the 
transport field, as cars have greatly improved their emissions over the past years. 
The reason for this appears to be both that there are technical solutions available 
and that the development and fitting of exhaust reduction technology fits into the 
normal product innovation cycle. To a certain extent, environmental policy thus 
went along with the main stream of the economy. 

The same cannot be said about the modal shares 1^^^,^- The trend in recent years 
has been a strengthening of road and air transport at the expense of the other 
modes. A combination of flexibility, reliability and a more seamlessly realised EU 
internal market in the field of road transport has acted to make road transport more 
attractive. Meanwhile aviation continues to grow at high levels. Policy interven­
tion that aims at a reversal of this modal shift, including that pursued by the Euro­
pean Commission^, is thus going against the mainstream of current trends, even 
though progress has been seen for example in EU railway policy. Trying to influ­
ence modal shares also involves persuading individuals - both in their private and 
professional lives - to change the way they organise and think about their trans­
port. This is much harder to achieve than changing the characteristics of a product 
in ways that the final consumer never sees. 

This last observation applies even more to transport volumes (f, p). Asking 
people to consider whether or not to travel is even more difficult than asking them 
to reconsider how to travel. Similar considerations hold for goods transport. It is 
therefore no surprise that transport demand management is politically difficult and 
that policy interventions with this goal are rare by comparison. The topic experi­
enced a certain boost when the necessity of "decoupling" transport volumes fi'om 
economic performance was highlighted at the European Council meeting in Goth­
enburg in June 2001, in the context of sustainable development. However, it 
should be noted that no major policy initiatives have so far followed this high-
level pronouncement. 

2 Environmental Impacts 

In connection with the formulation of Fig. 1, Schmutzler asks why there has been 
more success in improving some emissions (such as carbon monoxide) than oth­
ers, notably CO2. It is indeed worth distinguishing different types of environ­
mental impact and look at them separately as they can be subject to quite different 
driving forces, linked to where the main intervention must take place in the formu­
lation of Fig.l. The more prominent environmental impacts of transport are ad­
dressed in the following paragraphs. 

European Commission (2001), European Transport Policy for 2010: Time to Decide, 
White Paper, COM(2001)370, http://europa.eu.int/comm/energy_transport/en/lb_en. 
html. 

http://europa.eu.int/comm/energy_transport/en/lb_en
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2.1 AirPoUution 

Combating air pollution is one of the success stories of environmental legislation 
in the field of transport. This does not mean that all problems are solved. The air 
quality in the EU is in many respects still unsatisfactory, with many Member 
States currently unable to guarantee that the limit values for ambient air concentra­
tions of all regulated pollutants will be met when they enter into force (e.g. 1 
January 2005 for particulate matter and 1 January 2010 for oxides of nitrogen"*). 
Several Member States will also have difficulties meeting their emissions ceilings 
under the corresponding Directive^ Nevertheless, the exhaust emissions from in­
dividual light-duty vehicles and heavy-duty vehicles have come down considera­
bly since emission limit values have been introduced, and they are scheduled to 
decline fiirther as the Euro-4 standards for light-duty vehicles enter into force on 1 
January 2005^, Euro-4 for heavy-duty vehicles from October 2005 and Euro-5 for 
heavy-duty vehicles from October 2008^. Work is currently under way to tighten 
these limit values fiirther, with the aim of introducing Euro-5 standards for light-
duty vehicles and Euro-6 for heavy-duty vehicles. Formal proposals to this effect 
are to be presented in the course of 2005. 

It is worth noting that air pollution is not an intended activity. Nobody actually 
wants to pollute the air. Pollution is the unintended side-effect of fiiel combustion, 
due to imperfect combustion and other technical shortcomings. The solution to 
this problem can therefore take the form of a "technical fix", meaning that the 
combustion process is improved and other technical innovations are being devel­
oped and deployed (better fiiel quality, exhaust gas after treatment equipment). 
This activity goes in line with the existing trend, since new and improved genera­
tions of technology are developed and deployed as a matter of course in the nor­
mal cycle of product innovation. Having said that, it is by no means easy to de­
velop and implement legislation that forces technical developments that would not 
otherwise take place. Experience shows that such legislation is introduced when 
the public concern about the environmental problem, and thus the political pres­
sure to address it, is strong. Exhaust gas clean-up and the enforcement of fiiel 
quality standards needed for its proper operation have now become commonplace 
features of modem road transport systems. The level of the clean-up rate is such 
that even with rising volumes of road traffic, the total amount of emissions is 
falling. 

It should be noted that the number of actors directly concerned by this kind of 
regulatory activity is relatively small. It is limited to the industry whose products 
are being regulated and some of its suppliers, as well as a number of public au­
thorities including those charged with vehicle type approval. The final customer is 

4 Directive 1999/30/EC relating to limit values for NG ,̂ SO2, Pb and PMio in ambient 
air. 

^ Directive 2001/81/EC on national emission ceilings for certain atmospheric pollut­
ants. 

^ Directive 1998/69/EC. 
^ Directive 1999/96/EC. 
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never directly involved. Of course customers do bear the cost of the exhaust clean­
up via the prices of new cars and of fuels, as they should do in an economic set-up 
that gives correct price signals. However, they do not see this cost directly, and 
they do not have to change any of their activities as a result. Also, the cost is rela­
tively modest compared to the price of a new car. Thus, everybody keeps doing 
what they had been doing: Car makers produce cars, customers buy and drive 
them. No wide-ranging behaviour change or adaptation of habits or life styles is 
involved. 

2.2 Climate Change 

It has been asked why CO2 emissions from road vehicles have not been reduced as 
effectively as those of air pollutants. CO2 emissions are of course linked to trans­
port volumes as mentioned above. But why has it not been possible to do what has 
been done for pollutants - breaking the link with transport volume growth? One 
may argue that this is simply a more recent problem that started to be addressed 
only in the late 1990s while emissions legislation dates back to 1970. 

However, there is also a more fundamental issue. The emission of CO2 is not an 
unwanted side effect that could be curbed by a technological fix. The energy that 
is chemically stored in the fuel can only be released by oxidising it (i.e. turning a 
hydrocarbon into CO2 and water while releasing energy in the process). In that 
sense CO2 is the intended main product of fiiel combustion. It is possible to com­
bust a fixel while avoiding to emit NOx or CO or quantities of unbumed fuel, but it 
is not possible to combust it without emitting CO2. 

What is technically possible, is to improve the efficiency with which the energy 
thus released is being used, and thus to reduce the overall amount of fixel that 
needs to be burned. There is indeed progress in improving technical efficiency, 
and this is where policy intervention can be (and indeed is) successful. Here again 
we are in sync with the mainstream of product evolution and improvement. It 
should be noted, however, that some of this progress is neutralised by counteract­
ing tendencies. First, consuming less fuel reduces the cost of driving and thus en­
courages more driving (one example of the "rebound effect"). Even without this 
effect, travel volumes are rising generally, thus cancelling out some of the gains. 
Second, technology improvement can be used not only to reduce fuel consumption 
but also to boost performance, and the latter can be more attractive to the cus­
tomer. 

The only technical solution that will ultimately free us from CO2 emissions 
consists in switching to non-fossil primary energy. However, this is more than a 
limited technology switch. It amounts to a large-scale system change. From an 
economic perspective, there is much that would be worthy of research here, linked 
to the various aspects of changes in the technical/physical systems that underpin 
the economy and society in general. An example would be the work by Carlota 
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Perez on techno-economic paradigm changes^. One of the lessons learned from 
that work provides sobering reading for anyone wanting to progress to a hydrogen 
economy - all of the paradigm changes identified so far were characterised by 
promises of massive cost reductions as compared to the established ways of doing 
things. It should be noted, though, that a massive change in the way energy is sup­
plied to customers may not mean a strongly visible change to their lives. For ex­
ample, alternative fuels for cars - even if produced from exotic sources - would 
imply no change at all from the drivers' perspective, except maybe small changes 
in handling the fiielling kit. Electricity from alternative primary energy sources 
would not imply any changes in households. The main change would be felt 
through the price of energy. This might facilitate economic studies. 

It should be noted that ultimately some degree of behavioural adaptation by 
customers and economic actors may be inevitable as purely technological ap­
proaches may be too costly. This is supported by the outcome of the OECD pro­
ject on Environmentally Sustainable Transport (EST)^ . This project investigated 
three scenarios that would allow reaching a suitably defined sustainable transport 
system by 2020, one of them looking exclusively at technological options, the 
second one exclusively at non-technical options, and the third one at an optimal 
combination of both elements. It turned out that only the last scenario held any 
chance of realisation as the other two were not feasible in terms of costs or social 
acceptability. It has been mentioned earlier that measures that imply behaviour 
change pose greater difficulties to policy makers than other measures, which un­
derlines even more the need to carefully research the options in this area. 

2.3 Noise 

The level of noise emitted as a result of transport activity is linked to the state of 
the technology used and the activity level. The actual noise nuisance is also 
strongly influenced by the spatial proximity of transport infrastructure and human 
habitations. 

Technological progress is an important ingredient in a longer-term solution in 
addressing noise from transport, but on its own it is unlikely to be sufficient. Ac­
tivities in areas such as demand management and land use planning will have to 
play a strong role as well. 

Perez, C. (2003), Technological Revolutions and Financial Capital: The Dynamics of 
Bubbles and Golden Ages, Cheltenham. 
http://www.oecd.org/document/58/0,2340,en_2649_34359_2346490_l_l_l_ 
37465,00.html. 

http://www.oecd.org/document/58/0,2340,en_2649_34359_2346490_l_l_l_
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2.4 Land Use 

There is a strong interaction between land use patterns and transport activity. 
Hence, spatial planning is a key influence for transport and all the environmental 
impacts linked to it. 

The paper by Steininger and Molitor^^ highlights the important role that visions 
of town planning can have on the spatial structure of cities and hence, their trans­
port systems. They trace the influence that early visions such as the one contained 
in the Charter of Athens in the early 1930s have had on present-day transport sys­
tems. This is quite convincing but it is important to highlight that these visions 
were not created in a vacuum. Instead, this author argues that these visions were 
merely the consequence of something else that came first. They were a reaction to 
the emergence of the mass-produced motor car, and served to explore its implica­
tions. We may be in need of a new transport paradigm today, in view of the envi­
ronmental impacts of transport. But such a new vision can only make a real impact 
if it is based on some new, transport-relevant influence. This may be a new tech­
nology or energy source, a change in the character or organisation of society, or 
any other profound change in the determinants of transport activity. As long as the 
key drivers of transport remain the same, so will the dominant transport paradigm. 

Steininger and Molitor conclude fi*om the history of visions in spatial planning 
that more research is needed on the interaction between land use and transport. 
Despite the slight difference in interpretation referred to above, I would fiilly sup­
port this assessment. A key issue therein could be the interaction between systems 
of taxation, land use patterns and transport. 

An interesting area for additional research would be the effect of new infi-a-
structure on the economy. While it is generally agreed that large-scale public in-
fi-astructure projects should be fiilly economically assessed before their realisation, 
the practice sometimes does not live up to this ideal. 

3 Some Issues for Research 

What follows is necessarily a rather haphazard collection of topics that the author 
has chosen based on his own experience as well as inspiration taken fi-om the pa­
pers that were submitted to the workshop. Its purpose is not to attempt complete­
ness or authority, but to serve as one input among many to the academic commu­
nity. 

See K.W. Steininger and R. Molitor, Vision, Analysis and Future Pathways in Trans­
port Research, in this volume. 
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3.1 The Real World 

From a policy maker's perspective, it is important to obtain results that take into 
account the messy details of the "real world". This means that we need to go be­
yond some elegant and convenient assumptions that are often used as starting 
points, such as ideal markets. What is needed is information on the behaviour of 
real people in real decision-making situations. While there is considerable re­
search already being undertaken in these areas, not all of it has yet penetrated the 
mainstream of economic policy advice in transport. It is a challenge to make this 
happen. 

Schmutzler points to a certain reluctance on the part of some economists to 
touch an individual sector such as transport, both because this would lead to a loss 
of abstraction and generality, and because sector-specific considerations prevent 
cross-sectoral efficiency to be taken into accoimt. He argues for an improvement 
of the existing research on the relative environmental performance of different 
modes, as well as more research into the potential for actually achieving modal 
shift. I would fiilly support that. 

Examples of specific topics that are relevant in the transport field include oli­
gopolistic or monopolistic situations; the characteristics of mature markets with 
increasingly tough competition and thin margins; the behaviour of individuals un­
der conditions of incomplete information; incentives to cheat; the natural monopo­
lies implicit in transport infi*astructure provision; and network externalities. 

The real world also requires us to go beyond the simpler versions of "homo 
oeconomicus" and allow for influences on human behaviour such as habits, per­
ceptions and social driving forces to be taken into account. 

Steininger and Molitor advocate research on the distributional impacts of trans­
port policy. The present author would fiiUy support that fi-om a perspective of pol­
icy development, where policy makers are confi-onted with groups in society who 
have a strong interest to know whether they stand to gain or to lose out. 

3.2 Spatial Aspects of Transport Costs and Benefits 

The previous section did not only highlight topics for research; rather, it provided 
an overarching theme. One specific area, as already mentioned, concerns the spa­
tial implications of transport. This becomes visible in situations of transit traffic, 
where the environmental externalities linked to transport activity become concen­
trated in a relatively small area along a transport corridor, while the economic 
benefits linked to this transport are located elsewhere, spread over the areas con­
nected by this corridor (Fig.3). A simple comparison of costs and benefits of the 
overall situation could lead to the conclusion that the environmental costs located 
in the corridor were justified by the larger benefits linked to the large areas served 
by this traffic. The implied solution would be to ignore the environmental con­
cerns in the corridor. This is politically not feasible and highlights the need to al­
low for spatial disaggregation of the analysis. 
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These arguments go in the same direction as those in the paper by Steininger 
and Molitor who also argue for a more explicit consideration of spatial aspects in 
transport economics. 

Fig. 3. Spatial aspects of transport economics 

(a) Spatial disaggregation 

The spatial distribution of costs and benefits of 
tran sp o rt 

Benefi ts and 
internal ised 
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Benef i ts and 
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External costs 

In genera l , it appears reasonab le to a s sume an ave rag ing effect: 
e v e r y b o d y gives rise to t ranspor t , and e v e r y b o d y suffers from it. 

(b) T ran sit traffic: spatial concentration of externalities spatial concentration of externalities 

N o mat ter how high the ex terna l costs in the transi t cor r idor - they will 
a lways be domina t ed by the benefi ts of the n u m e r o u s trips 

3.3 External Costs 

There is a growing consensus that the likely impact of new policy proposals 
should be assessed before their finalisation. The European Commission has made 
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its support for this tool clear in its Communication on impact assessment^ ̂  From 
an environmental perspective, a key to a successful assessment is to know the ex­
ternal costs linked to the environmental damage caused by an economic activity. 
There is a substantial body of research in this area and a certain consensus has 
been established on the values to use e.g. for the emission of certain substances. 
However, Schmutzler points to the tremendous uncertainties that still exist. There 
can be no doubt that it would be desirable to go further and establish these values 
more solidly. For example, we have practically no information on the variation of 
the marginal external costs of an activity as a function of the volume of that activ­
ity. It would also be useful to develop methods that go beyond purely numerical, 
monetary valuations that are not always possible in a meaningful way. 

3.4 A More Sophisticated Approach to Cost-Benefit Analysis 

From an economic perspective, the impact assessment of a policy proposal as re­
ferred to in the previous section comes down to establishing the costs and benefits 
to society of that proposal. Unfortunately there are some intrinsic difficulties 
linked to this task, as well recognised in the literature on the subject. This holds 
especially in the environmental field. 

The costs of an action tend to be relatively well known, or at least well quanti­
fiable, while the benefits of the same action are typically less well known or some­
times unknown. Costs tend to occur up-fi*ont while benefits come in later. When 
undertaking the cost-benefit analysis, the costs used in the analysis are of neces­
sity those known at the time. Experience suggests that these values are often over­
estimated as subsequent progress in technology and manufacturing is not fully 
captured. Further, there is substantial information asymmetry: The only actors 
who really know about the costs of curbing a certain form of pollution are typi­
cally those causing the pollution, who thus have a vested interest. The costs of an 
action are often borne by a well-defined constituency of limited size while the 
benefits are diffuse and spread out over society. Thus, the voice of those bearing 
the costs is more strongly heard. And finally, it is difficult to identify the benefits 
ex post because they refer to a do-nothing scenario that did not materialise, assum­
ing that the policy action in question was actually put in place*^. In spite of all this, 
policy assessment is needed and cost-benefit analysis is a central tool in it. This 
points to the need to improve on all the aspects listed above. 

Schade and Rothengatter^^ point to the avenues of further conceptual develop­
ment in the models used for transport policy assessment. The present author would 
support this work in general, while adding two observations. First, with increasing 
complexity of models they tend to become obscure. It is vital to bear in mind what 

Communication from the Commission in impact assessment, COM(2002)276. 
It takes a trip to places such as Tehran or Caracas to appreciate what weak or absent 
pollution standards for cars mean in practice, for example. 
See contribution of Wolfgang Schade and Werner Rothengatter, Research Issues in 
Transport Economics: Dynamics, Integration and Indirect Effects, in this volume. 
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the assumptions are that go into the models, and what original data is being used. 
Second, and even more importantly, it is necessary to highlight what is not in the 
models. There is a danger with numerical modelling, not just in economics but in 
general, that the focus shifts away fi*om the real world and onto the model. This 
danger increases with increasing model complexity. Every effort must be made to 
overcome the dangers of being tied to closely to one's models. Both aspects -
what is in the models and what is not - need to be highlighted in the clearest form 
possible to those who are the customers of the model output, notably when they 
are not economists or modellers but policy makers. 

3.5 Economic Implications of Transport Innovations 

It was argued before that the car-oriented visions of town planning as developed in 
the 1930s were not free-standing but motivated by the availability of the car which 
acted as an enabling factor. Today the search is on for an alternative vision of fix­
ture transport. This requires new enabling factors. Candidates are being researched 
today, such as new types of fiiels and drive technology (e.g. hydrogen and fiiel 
cells), other technological advances (information and communication tools, robot­
ics), new ways of organising transport (separating the ownership and use of cars, 
linking up different modes of transport), and new approaches that could eventually 
become socially accepted (such as universal road pricing). Each of these innova­
tions has its own constituency of industries, developers and researchers. It is im­
portant to avoid wishfiil thinking and to analyse these new ideas in two ways: (i) 
what would be the criteria for this concept to succeed, and (ii) what would be the 
implications? 

One of the innovations currently under development concerns the rising use of 
economic instruments in transport, notably road pricing. In this context it is fully 
justified that Steininger and Molitor propose to undertake research on behavioural 
changes due to significant transport price changes. Another subject for research in 
this area concerns the design of different types of incentives and the conditions 
under which they work or do not work properly. 

4 Concluding Remarks 

The above represents an attempt to highlight research needs in transport econom­
ics from an environmental perspective. Generally, it has been found that from a 
policy maker's perspective all the proposals made by the preceding authors can be 
supported. The preceding sections presented some additional flavours and qualifi­
cations to this. The result is largely illustrative rather than prescriptive. Research­
ers and those formulating research policies are called upon to form their own in­
terpretations, in the context of their own work. 
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Abstract. Against the background of energy market reforms and recent electricity 
market incidents and failures, the paper recalls the principles of economic regula­
tion and highlights the methodological difficulties of any ex-post regulatory im­
pact analysis. It synthesises theoretical contributions on regulation and describes 
the regulatory toolbox, with reference to the electricity market. After definitions 
and a discussion of the rationale of regulation, the various theories of regulation 
are described, distinguishing public-interest theories and private-interest theories. 
The normative regulatory concepts are divided up into the categories of price-
based regulation, cost-based regulation (rate-on-retum, sliding-scale and retum-
on-cost regimes), performance-based regulation (price-cap, revenue-cap, yardstick 
mechanism, Vogelsang-Finsinger and Sibley mechanisms, incremental surplus 
subsidy scheme), new regulatory economics and benchmarking. The paper re­
views attempts in the literature to link electricity market reforms in the United 
Kingdom and particular market outcomes which reveal that methodological diffi­
culties persist and comparatively little attention has been given to regulatory im­
pact analysis. Notably, the ex-ante design of a potential ex-post impact analysis 
would be a usefiil addition to any new regulatory process. 

1 Introduction 

There is increasing debate whether energy liberalisation has met expectations and 
resulted in efficient electricity and gas markets. Notably the secure supply of elec­
tricity has been challenged by a series of major electricity market incidents 
worldwide. California went through an unprecedented energy crisis in 2002, and 
severe outages occurred in the United States and Canada in August 2003. The En­
ron case and illegal practices in energy trading in the US have shaken not only 

mailto:kraus@fbw.fh-darmstadt.de
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North American energy markets. In 2003, extensive power blackouts occurred in 
Italy, Denmark, Sweden, and the United Kingdom. The French and German power 
sectors faced difficulties during the heat wave in the summer of 2003. And Nor­
way experienced power problems in the same year related to its heavy reliance on 
hydropower. 

These incidents have added to an increasingly critical stance toward energy lib­
eralisation, and they raise difficult energy policy issues: Some critics link the re­
cent problems to market liberalisation and poor market designs. Others want de­
regulation to be suspended or undone altogether.^ 

This paper does not try and provide the answers to these issues. Rather it at­
tempts to put things into perspective and to highlight the difficulties and limits in­
herent in any regulation, including energy market regulation. To this end, the pa­
per will focus on regulation in general rather than on energy market reform. It will 
(i) recall the principles of regulation, (ii) synthesise theoretical contributions on 
regulation, and (iii) describe the regulatory toolbox. It reviews attempts in the lit­
erature to link electricity market reforms in the United Kingdom and particular 
market outcomes. They reveal that methodological difficulties persist and com­
paratively little attention has been given to systematic regulatory impact analysis. 
Notably, the ex-ante design of a potential ex-post impact analysis would be a use­
ful addition to any new regulatory process. 

2 Principles of Regulation 

2.1 Definitions 

In its broadest definition, regulation is the employment of laws, rules or orders 
prescribed by an authority to regulate economic conduct in order to meet social or 
economic policy objectives and, therefore, is the opposite of "laissez-faire". Its 
purpose is to protect the public fi-om the negative consequences of imperfect com­
petition (Baumol, 1995: 255). Consequently, deregulation is a state's withdrawal 
of its legal powers to direct the conduct of economic players. There is no common 
definition of "re-regulation", a term that can mean unwinding an existing regula­
tion (i.e. undoing it), or further developing or adjusting an already existing regula­
tion. 

A distinction is often made between structural regulation and conduct regula­
tion (Kay and Vickers, 1990). While the former is used for regulation of market 
structure, like restrictions on entry and exit to marketplaces, issuing professional 

Democratic presidential candidate Howard Dean proposed a comprehensive "re-
regulation" of US businesses. After years of government deregulation of energy mar­
kets (and telecommunications, airlines and other major industries) he saw the need to 
reverse the trend towards deregulation in order to restore faith in scandal-plagued US 
corporations. 
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licences or unbundling of vertically integrated industries^, the latter is used for 
regulation of the behaviour in the market, like price controls or provisions of 
minimum quality of service standards. 

Furthermore, regulatory intervention can take the forms of ex-ante and ex-post 
regulation. Ex-ante regulation applies general rules of market entry and of conduct 
before market entry and is prescriptive in nature (i.e. laying down methods of cal­
culation of prices). Ex-post regulation often takes place on a case-by-case basis, 
after market entry and conduct, with penalties in case of violation of applicable 
regulations or competition law. It can involve lengthy procedures, notably if the 
regulator can only intervene at the request of market participants and when other 
participants prolong the procedures.^ 

2.2 The Rationale for Regulation 

Numerous reasons for market failure"* can be found in the literature (see Aktan, 
2003 and den Hertog, 2003) that justify government regulation, notably: 
- economies of scale and natural monopoly (long-run average cost declining as 

firm size increases) 
- excessive competition, external economies (consumption or production activi­

ties affecting the cost/benefit function of other economic units positively or ne­
gatively) 

- information asymmetry (principle-agent situation) 
- public goods (collective consumption goods versus pure or impure goods), 

trade-cycles 
- protection of infant industries (i.e. administered renewable energy markets), 

bounded rationality 

See for instance the EU Electricity Directive 2003/54/EC that in order to ensure non­
discriminatory access to the network and to avoid conflicts of interest requires elec­
tricity utilities to separate the network business (natural monopoly) from those activi­
ties of vertically integrated companies which compete on the market, namely produc­
tion and supply. The basic elements of the unbundling regime are a legal unbundling 
of the transmission system operator and distribution system operator from other ac­
tivities not related to transmission or distribution; functional unbundling of the trans­
mission operator and the distribution operator, in order to ensure their independence 
within the vertically integrated undertaking; accounting unbundling that requires to 
keep separate accounts for transmission and distribution activities. 
Most European states apply an ex-ante regulation in their electricity sectors, except 
for the Nordic countries and Germany. The European gas markets, too, are predomi­
nantly regulated on an ex-ante basis; seven states apply ex-post regulation or variants 
of it (European Commission, 2003). 
Examples for regulatory failures are the California energy debacle caused by market 
disruption due to deregulation, and also transmission problems and regional drought, 
and British Railtrack whose inadequate regulatory regime caused transportation qual­
ity to deteriorate substantially which eventually lead to the company's collapse. 
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- moral hazard (agents act in ways that incur cost which they do not have to bear) 
- co-ordination problems 
- transaction cost (to the extent consumers or producers incur costs for informa­

tion about market opportunities, markets will not perform efficiently). 
Government regulation can thus be viewed as aiming to correct imperfect com­

petition, unbalanced market operation, missing markets and undesirable market 
results (den Hertog, 2003: 9). Regulatory regimes try to overcome market failures, 
notably efficiency loss or monopolistic rent, and, therefore, attempt to emulate 
functional competition. 

Economic regulation is mainly exercised on natural monopolies and market 
structures with limited (or excessive) competition while social regulation consists 
of rules aiming to correct external economies, particularly those that impinge on 
health, safety, environmental and consumer protection (Aktan, 2003: 4). 

3 Theories of Regulation 

Regulatory theory can broadly be divided into the normative and the positive the­
ory of regulation.^ While the normative variant investigates which type of regula­
tion is the most efficient, implicitly assuming that efficient regulation is desirable, 
the positive variant is directed to the economic explanation of regulation and the 
prediction of outcomes. 

In practice it is difficult to consistently maintain a clear-cut distinction between 
the two approaches. Positive theories will explain and predict the behaviour of 
regulatory regimes but also assess the consequences of these regimes. To the ex­
tent that they formulate recommendations for the optimal design of regulatory re­
gimes, they become normative. Conversely, normative theories will necessarily 
take account of the findings and principles of positive theories of regulation and 
will incorporate these. 

The distinction between normative and positive is broadly identical with the 
distinction between (normative) public interest theories and (positive) private in­
terest theory.^ 

Furthermore, as Joskow and Noll (1981) point out, a key problem of the public 
interest theory is that the evaluating, normative theory of economic welfare is used 
as a positive explanatory theory of regulation. 

Ogus (2002) sees some ambiguity about what is to be regarded as a theory: "It 
should not be confused with methodology which uncontroversially has a major 

A normative statement a judgement and states whether a situation is desirable or un­
desirable. Normative statements express what ought to be. It is, therefore, not possible 
to prove or to unprove such statements. Conversely, a positive statement is a state­
ment about what is, and such statements, therefore, can prove wrong. Positive state­
ments do not express approval or disapproval. 
For an extensive treatment of public interest theory and private interest theory and the 
relation between the two, see den Hertog (2003: 7-40). 
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role to play in regulatory policy making. In any event, there has been no single 
economic theory; rather, several with different tools and with different implica­
tions. Further, while some of the theories are purely predictive, others combine 
prediction with normative evaluation. ... At the same time, economists have been 
too obsessed with finding a theory which will provide a complete explanation of 
the existence and incidence of regulation. The public interest approach, which as­
sumes that law is made exclusively to generate aggregate social welfare is too na­
ive; and the private interest theory which relates it entirely to the furtherance of 
personal and group welfare is excessively cynical. Both sets of theories are never­
theless helpful in focussing attention on how the different institutions of regulatory 
decision making can be used either to advance the ostensible goals of regulation 
or else to subvert those goals to private ends. " 

3.1 Public-Interest Theory of Regulation 

According to this traditional theory, economic regulation should be imposed when 
markets fail. The public-interest theory of regulation is normative in nature and 
based on neo-classical welfare objectives where the regulator maximises the total 
of the consumer and producer welfare. 

Public-interest theory sees regulation as an arena of benevolent agents moti­
vated by a desire to serve the public, and no unintended and unexpected conse­
quences of regulatory actions arise in this view. The approach works on the prem­
ise that the regulator is fully informed, can implement regulation at no cost and 
has no own interests. Normative theories of regulation describe how governments 
ought to act, but do not explain why regulators act the way they do. 

Recent research distinguishes a naive period of public interest theory super­
seded in the 1980s by a more sophisticated one. The sophisticated variant does not 
require regulation to be perfect. It does, however, assume that market failure ex­
ists, that regulation is the most effective means of overcoming it and that regula­
tion does not continue to exist once the cost exceed the advantages. According to 
the sophisticated theory, then, regulation can be accounted for as the efficient so­
lution to market failure (den Hertog, 2001: 23-24). 

The spectrum of normative regulatory regimes ranges from high-powered re­
gimes, where regulatory rules provide strong incentives for performance im­
provement, to low-powered regulatory regimes, where low incentives induce the 
regulated agent to improve performance.^ Bums and Estache (2003: 3) describe 
the regulatory and institutional ingredients of a low-powered regulatory regime as 
follows: 
- Regulatory structures are bureaucratic, rigid and intrusive, implying a lack of 

flexibility and adaptability. 
- Objectives devolved to management by the regulator are complex and contra­

dictory. 

For the respective taxonomy, see Laffont and Tirole (1993: 11). 
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- Prices are based largely on the firm's own costs, implying fi*equent profit con­
fiscation (cost-plus or rate-of-retum regime). 

Accordingly, characteristics of a high-powered regime are: 
- Managerial objectives are ring-fenced fi-om public policy objectives, so that the 

running of the business is decentralised to the managers within a well-defined 
fi'amework. 

- Tarif controls are based on exogenous information and the business is able to 
retain the profits of improved efficiency (price caps). 
Starkey and van Pelt (1995: 151-160) view regimes as high-powered if regula­

tors do not consider increased profits of the regulated company as a failure of 
regulation itself Bums and Estache (2003: 3-4) define the incentive power of a 
(normative) regulatory regime by the amount of control that is decentralised to the 
management, and by how far prices are decoupled fi"om costs. They point out that 
while low-powered regimes might not be particularly efficient, high-powered ones 
might not proof sufficiently sustainable to deliver efficiency gains. 

Newberry (1997: 2) rates cost-of-service or rate-of-retum regimes lowest 
(power factor of 0) and price regulation where the utility receives all the benefits 
of cost reduction highest (power factor of 1). 

In his seminal work on the principles of regulation, Kahn (1988: 325) depicts 
the limitations of the normative approach: **Regulated monopoly is a very imper­
fect instrument for doing the world's work. It suffers from the evils of monopoly it­
self: the danger of exploitation, aggressively or by inertia, the absence of perva­
sive external restraints and stimuli to aggressive, efficient and innovative 
performance. Regulation itself tends to inherently be protective of monopoly, pas­
sive, negative and unimaginative '\ 

3.2 Private-Interest Theory of Regulation 

A contrasting view is the private-interest theory, or public choice theory. Here, 
regulatory outcomes are seen as resulting from stmctures and processes and, there­
fore, need to be recognised explicitly in the design of regulatory regimes. For in­
stance, the intervals of regulatory revisions, the interventions of different regula­
tory institutions or the communication within regulatory organisations will have 
an impact on the regulatory outcome. If these influences are not taken into ac­
count, the effective impact of regulatory outcomes will either be overestimated or 
underestimated. Regulatory agents are driven by the same motivations as private 
sector agents: self-interest. Private-interest theory assumes that the regulator 
maximises public welfare merely up to the point where its own interests are com­
promised. Behaviour is determined by the incentive stmcture, and a bad perform­
ance by regulation indicates a low-powered stmcture, rather than wrong motives. 
Under a positive regulatory regime, regulated companies have more discretion re­
garding conduct and try to gain influence over the regulator. 

Traditionally, economists argue that regulation is the way to overcome market 
failure, while public choice economists hold the view that regulation does not ef­
fectively correct market failure because governments, or the regulator, also fail. 



Liberalised Energy Markets - Do We Need Re-Regulation? 203 

Notably, public choice theory argues that even though agents in the political mar­
ketplace like voters, politicians, lobbyists, or bureaucrats, may feel some compas­
sion for others, their actions are also driven by self-interest. For instance, regula­
tors benefit fi-om higher budgets when negative events arise in the industries 
which they regulate. The tenet of public choice theory, therefore, is that regulators 
seek to maximise their self-interest rather than the public interest. Public choice 
theory is thus "excessively cynical" (Ogus, 2002). The theory received widespread 
attention through the seminal works of J. Buchanan and G. TuUock and has devel­
oped into various schools of thought. 

According to the Chicago school, beneficiaries of regulation gain control of 
regulator and regulation protects interest groups ("capture theory of regulation"). 
Organised groups benefit more fi*om regulation compared to less organised, dif­
fuse groups, and notably the producers benefit at the expense of consumers. The 
Chicago school focuses mainly on the role of interest groups in the public policy 
process, and that school's major proponents Stigler, Posner, Peltzman, and Becker 
consider the contribution of interest groups to such policy formulation. 

The central proposition of Stigler (1971) was that groups whose interests were 
concentrated would be better able to influence government than groups whose in­
terests were diffuse. In his empirical work he showed that the main beneficiaries 
of regulation implemented in the consumer interest were not consumers but the 
regulated firms: ''Businesses and politicians are self-interested income-maximi-
sers. They are not at all concerned with public interest and seek to maximise their 
votes or wealth''. 

Peltzman (1976) points out that regulators, or political brokers, maximise a 
value function (interpreted as number of votes gained) that takes account of the 
utilities of consumers and of the producers. The latter seek to extort wealth fi-om 
the consumers through regulation. Income is redistributed between the two groups 
to the point where the marginal loss in votes fi"om consumers equals the marginal 
gain in votes fi-om producers (Palda, 2002: 4). 

Becker (1983) maintains that *'as political pressure increases, political influ­
ence increases and that it is competition between pressure groups for political in­
fluence which determines the equilibrium structure of regulatory measures like 
taxes, subsidies etc." 

Adherents of the Virginia school of public choice are critical of the fact that the 
private interest theory is predictive, rather than normative, and that it is indifferent 
to the efficiency implications of the analysis (Ogus, 2002). This school proposes a 
(positive) theory of government failure as opposed to the theory of market failure. 
Agents will invest in the "regulatory market" in order to extract rents. When gov­
ernments intervene in the market, individuals start seeking to influence them in 
order to transfer welfare to themselves. This act of spending resources in order to 
recoup them in the form of a transfer by the regulator is called rent-seeking. The 
Virginia school focuses mainly on rent-seeking by competing groups such as bu­
reaucrats and politicians. The rents earned are important resources that bureaucrats 
and politicians devote to interest groups in order to attract their favour. There are 
deadweight losses associated with such rent-seeking that, therefore, constitutes a 
cost of regulation. 
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4 Regulatory Regimes 

The normative regulatory concepts can be divided into the categories of price-
based regulation, cost-based regulation, performance-based regulation, new regu­
latory economics, and benchmarking, the latter being a complementary category to 
others rather than a category of its own. 

4.1 Price-Based Regulatory Regimes 

Natural monopoly emerges in industrial sectors where economies of scale exist for 
a large range of output. This frequently occurs in capital-intensive industries, like 
the electricity industry, where a large proportion of cost is fixed cost.^ In this case, 
the producer's cost function will be sub-additive, i.e. at some level of output it is 
cheaper for that producer^ to produce all output than sharing the output among two 
or more companies. From a welfare-maximising viewpoint the first-best solution^^ 
is achieved if the (single) producer provides the output at uniform prices equal to 
marginal cost Precisely because of the shape of its cost fiinction, however, the 
producer's marginal cost is below average cost and, hence, the producer will never 
be able to break-even. He will incur losses and eventually be forced to quit the 
market. 

A first-best solution applying marginal cost is not sustainable in monopolies 
unless the regulator provides the producer with a transfer payment, i.e. subsidy, in 
order to enable the producer recoup cost and make a profit. However, the regulator 
rarely disposes of all relevant information. For instance, in most jurisdictions, 
standard accounting is required on a yearly basis and not performed on a product 
unit basis. The producer has incentives to misreport costs in order to increase the 
subsidy and profits. Even if reported correctly, incurred cost may not be minimum 
cost of production, for instance, owing to inefficiencies or sub-optimal capacity 
choices.^* Moreover, if the regulator provides transfer payments (i.e. subsidy) to 
the producer to cover its loss, distortions elsewhere in the economy will result. A 
first-best regulatory regime is, therefore, difficult to achieve in practice, and a de­
parture from marginal cost and uniform pricing is necessary to recoup all costs. 

For example, the fixed costs of building and operating an electricity distribution net­
work or an electricity transmission grid is substantial while the cost of supplying one 
extra unit of distribution or transmission service is minimal. 
Or service provider as in the case of electricity distribution network operators or 
transmission grid operators. 
The first-best optimum is the best possible unconstrained solution that maximises 
welfare. 
Leibenstein (1966) pointed to potential cost inefficiencies arising from a lack of ef­
fective competition within a market. These are known as X-inefficiencies and are of­
ten used as an argument in the case against pure monopoly. 
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In order for the monopolistic producer to recoup all the cost and to operate a 
sustained self-sufficient basis, a second-best solution^^ is required allowing the 
producer to set the price at average cost. This solution, however, is welfare infe­
rior; and only in a one-good situation, the break-even requirement is sufficient to 
determine the second-best price. With more than one good many different price 
combinations are possible that all result in a break-even situation (Train, 1991: 
116-117). 

One approach jfrequently used in electricity utilities, still leading to a welfare-
maximising first-best solution^^, is to allow the company, for instance, a network 
service provider, to impose a fixed charge for access to the service and a variable 
unitary price reflecting usage. Revenue through the fixed charge enables the com­
pany to recoup the loss, and revenue through the variable charge covers marginal 
cost. This is known as the two-part tariff pricing scheme. ̂ "̂  

Another second-best solution regarding multi-good companies offers Ramsey 
pricing where prices are set at different levels for different customers, depending 
on their elasticity of demand. The overall constraint is that costs must be covered. 
It applies to any multi-good firm with substantial shared (fixed) costs. ̂ ^ Mark-ups 
on marginal costs are charged on users inversely related to the users' respective 
price elasticity for the products. Thus, if demand for product A is price-elastic, 
while demand for product B is not, then the price of product B should recover 
proportionately more of any shared cost than that of product A. Contrary to the 
prices with elastic demand, prices of products with inelastic demand will be above 
average cost. Ramsey pricing can be welfare-superior to average-cost pricing. 
However, regulatory regimes based on Ramsey pricing are difficult to implement 
in practice as they rely on demand-related information. For that reason, regulators 
often favour cost-related regimes over demand-related ones. 

Under the Loeb-Magat scheme (Loeb and Magat, 1979: 399-404) that does not 
require the regulator to obtain cost information, the price the company charges is 
not directly regulated. Rather, the company receives a transfer payment (i.e. sub­
sidy) equal to the consumer surplus generated at the selected price. The company 
will then choose a price equal to marginal costs. 

13 

14 

The second-best optimum is the outcome subject to a constraint that violates one of 
the prerequisites for a first-best outcome. 
This is called a Coase result (Train, 1991: 196f). 
For a description, see Laffont and Tirole (1993: 144-152) and Berg and Tschirhart 
(1989); for an extension of two-part tariffs to multi-part tariffs (i.e. flat rates/block 
rates), see Knieps (2000), Vogelsang (1999), Train (1991). 
Electricity utilities are multi-good companies as they distribute or transmit, for in­
stance, high-voltage and low-voltage power as well as on-peak and off-peak power. 
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4.2 Cost-Based Regulatory Regimes 

4.2.1 Rate-On-Return Regulation 

Under this traditional regulation rate levels are set to provide an agent (i.e. utility) 
with the opportunity to cover all of its necessary costs, including a fair return on 
the capital employed. Although the utility may recover more or less than its foil 
cost in the short run, its total cost should generally be equated with total revenues 
over a period of time. In order for the regulator to establish a permissible rate of 
return, the company provides detailed information on the cost incurred for provid­
ing its services. The company is allowed to recover this (reasonable) cost from its 
customers. 

There are two main concerns with rate-of-retum regulation. First, if the rate is 
set too high, the regulated company has an incentive to increase its capital expen­
diture inefficiently. Second, the regulated company has no incentive to reduce op­
erating costs; if it does so, its revenue for the next year will be reduced by the 
same amount. 

Averch and Johnson (1962: 1053-1069) demonstrated that regulated companies 
subject to rate-of-retum regulation have an incentive to use inputs biased towards 
increased tangible assets (capital) and reduced labour.̂ ^ ^̂  

A difficult task in practice is determining the asset base. It will be necessary for 
the regulator to decide the asset value and depreciation for the regulated company. 
A regulator can only overcome this problem if it can observe the cost and regulate 
the price directly. The rate of return will reflect the cost of debt and equity for the 
regulated company. 

4.2.2 Sliding Scale Regulation 

Sliding scale regulation is a derivative of the rate-of-retum regulation. Under this 
scheme, sometimes termed rate-of-retum bandwidth regulation or revenue sharing 
regulation, the agent is allowed a rate of retum that varies as a result of other con­
ditions. Usually, it is benchmarked against a reference range for the rate of retum. 
During the regulatory period, the actual rate of retum can vary within the range 
without causing regulatory review and rate adjustments. If the actual rate falls out­
side the range, it can trigger a pre-specified profit sharing mechanism or a rate re­
view. 

An effect known as Averch-Johnson effect; Train (1991: 19-67) points out that 
though the company will choose an inefficient mix of inputs, it will use the inputs 
that is has chosen efficiently. 
Under any regulatory arrangement inducing companies to make savings against their 
expenditure projections, operating savings are more rewarding for the companies than 
comparable reductions in capital expenditure (Bums and Riechmann, 2004: 15-16). 
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4.2.3 Return-On-Cost Regulation 

The retum-on-cost regulation applies a similar principle as rate-of-retum regula­
tion. The firm is allowed a certain profit per unit of cost. It can increase costs by 
expanding output. While an expansion in output results in increasing revenue, the 
firm will increase its costs, since the revenue will help to offset the effect of the 
cost increase. The firm will expand output up until the point where demand be­
comes inelastic. If marginal revenue becomes negative, the firm will obtain better 
results by not expanding its output. 

4.3 Performance-Based Regulatory Regimes 

Performance-based regulation is a system that requires a compliance that is speci­
fied in terms of regulatory outcomes. It relies on financial incentives and disincen­
tives to induce the desired behaviour of a regulated agent. The desired behaviours, 
or outcomes, are generally lower costs and improved quality of service. Regulated 
companies have some discretion in complying with these goals. The interest in 
performance-based regulation to some extent reflects dissatisfaction with cost-
based regulation. 

Performance regulation, also termed outcome regulation, is not necessarily 
synonymous to incentive regulation in the sense that performance-based standards 
do not per se offer any explicit incentive to go beyond the compliance level. In or­
der to encourage further improvement, explicit incentives can be offered to the 
regulated agent. 

4.3.1 Price-Cap Regulation 

Under this type of regulation the price charged by the regulated agent is regulated 
rather than the profits. The initial price levels ("price caps") are set by the regula­
tor based on present prices and revenues of the agent. The agent is allowed to in­
crease its prices by the retail or consumer price index (RPI, CPI) less an efficiency 
improvement factor X. If the regulated company is more efficient than had bee as­
sumed at the time when the X-factor was, it is allowed to retain excess savings as 
profits. Conversely, if the agent is less efficient than has been assumed at the time 
when the X-factor was, it will be at the expense of its profits. Provided there is no 
sharing mechanism in place, revenues and profits of the agent are not limited. 
Price-cap regulation thus encourages an agent to increase output in order to in­
crease revenues and profits. 

RPI-X regulation also provides the regulated agent with an incentive to cut 
costs beyond the projected levels underlying its revenue regulation. In principle, 
the X-factor could be set without reference to the costs of the agent. In practice, 
the regulator will require a good understanding of the costs of the regulated busi­
ness and of their development over time. This requirement to understand projected 
costs, however, is the reason for major concerns about the price-cap regulation. 
The regulated agent necessarily will always have more information about its busi-
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ness than the regulator. Because of this information asymmetry, the agent might 
overstate the cost projections. This will notably be the case when productivity 
leaps are possible or when input prices decline significantly. In both cases, the 
agent could make excessive profits over a period of time. It would be counter­
productive to try and re-negotiate or to impose a higher X-factor since only in the 
absence of any perceived regulator uncertainty incentives will be provided for the 
company to reduce its cost. Otherwise, the company faces a "hold-up problem" re­
sulting in reduced efficiency increases. Similar issues arise with regard to the con­
stant X-factor that will be reviewed at certain intervals to account for changes in 
the profitability of the agent ("regulatory lag").'^ 

Price-cap regulation presents advantages over a rate-of-retum regulation. Less 
information is required; apart fi*om the negotiated X and the publicly available 
RPI, only information about prices and output are required, but no cost data. At 
the same time, no incentives are provided for inefficient factor inputs or cost infla­
tion. Rather, there are incentives for the company to reduce cost, since any cost 
reduction will remain with the company. This is a concern, since the regulated 
company might reduce costs too much, impairing the quality of service. Both con­
cerns may be offset through additional incentive schemes (separate licence condi-

Boes (2001: 18-19) describes a number of concerns in this respect: ''Lags in adjusting 
price caps give the profit-maximising utility incentives to improve productivity effi­
ciency at the cost ofallocative efficiency. Consider a regulator who has chosen a par­
ticular value ofX and a regulated utility which reduces its costs to increase profits. 
The firm may retain this higher profit. However, at the next revision of X the prices 
are set so as to shift the gains from the efficiency increases from the producer to the 
consumers. The firm's incentive depends on the length of the regulatory lag. If the in­
terval between the revisions is too short, there will not be many incentives for innova­
tive activities of the utility. If the interval is too long, too much profit goes to the firm 
and the consumers are exploited. If the regulator is imperfectly informed about the 
costs, the firm will make strategic use of the regulatory lag. Let us assume that the 
manager of the firm knows that the regulator will choose X so as to siphon off the 
utility's profits. Insofar as cost-reducing innovations are reversible, the firm has an 
incentive to be a high-cost firm at the moment of the regulatory reviews, but a low-
cost firm in between. A saw-tooth profile of the firm's cost-reducing innovations will 
result. The issue of the timing of productive-efficiency gains and price-cap reviews 
can be overcome (to a degree) by the use of "glidepath " and similarly lagged ad­
justments of the cap rather than loading all of the adjustments into current price. On 
the side of the firm, there may be imperfect information about the date of the next re­
vision. If the manager of the utility knows some exogenous probability of the regula­
tory revision, he will act too cautiously in his innovation policy. A better result is 
achieved if the probability of revision is endogenised. This is the case if the manager 
knows that a revision becomes highly likely if the profit exceeds a particular level 
that is considered fair by the regulator. The regulation converges to prices where 
there is no excess of current over fair profit. Moreover, cost minimisation is 
achieved." 
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tions) that reward companies for both accurate projecting and delivery of the de­
sired quality of service. ̂ ^ 

4.3.2 Revenue-Cap Regulation 

Revenue-cap regulation is a modification of price-cap regulation. Under this re­
gime the revenue of a regulated agent is capped rather than the price of the ser­
vices it charges. The agent is allowed to increase revenues up to a predetermined 
level that is adjusted for efficiency with an improvement factor X. This form of 
regulation is frequently applied to electricity utilities in order to ensure that delib­
erate, politically desirable reductions in output, i.e. from demand-side manage­
ment and energy conservation programmes ordered by regulators, will not reduce 
the utility's return. A disincentive of a utility with regard to politically imposed 
programmes is thus eliminated. 

A drawback of this form of regulation is that a regulated agent with market 
power has an incentive to either raise prices or to stimulate demand to reach its 
revenue cap. Raising prices will both increase revenue and decrease output, trans­
lating in lower operating costs and higher profits.^^ 

Two revenue-cap regimes can be distinguished. Under a fixed revenue-cap, the 
regulator fixes the revenue the company can earn in the first year. Revenues in 
subsequent years are adjusted according to the RPI-X formula. Hence, the revenue 
of the agent is independent of the level of output. 

Under a variable revenue-cap regime the revenue is linked to further variables, 
such as, in the case of an electricity company, maximum demand on the power 
system or changes in the customer base. The national electricity regulator of South 
Afiica (NER, 2003: 18) states two reasons why to apply a variable revenue-cap 
regime. First, it can reduce distortions created when customer-driven changes in 
costs cannot be recovered by the regulated business, and second, it can strengthen 
incentives for system growth. 

Electricity transmission companies frequently apply revenue-cap regimes, since 
short-run transmission costs are largely independent of the total level of electricity 
transmitted through the grid. The transmission company is effectively provided 
with a guaranteed income regardless of the amount of electricity sold, and there is 
minimum risk. If cost can be lowered, the company increases its profits. In cir-

For a discussion of regulatory instruments and their effects on investment behaviour 
see Bums and Riechmann (2004: 24). They point out that as a result of the cyclical 
nature of regulatory proceeding, companies retain a greater share of the benefit of 
cost reductions made in early phases of a regulatory period, rather than later. The year 
in which savings are made in a regulatory review alters the period over which any 
benefit is retained by the company. In electricity distribution, for example, typical 
technical service attributes are long, short and transient non-planned supply interrup­
tions, planned supply interruptions, voltage dips, voltage limits, harmonics, flicker 
etc. 
A monopolistic electricity network operator, however, faces inelastic demand and has 
little means of stimulating the demand for network services. 
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cumstances where costs prove higher than anticipated at the time when the price is 
set, the business is provided with an incentive to reduce cost (NER, 2003: 19). 

4.3.3 Yardstick Regulation 

Yardstick regulation has been developed by Shleifer (1985) and can be applied in 
case several identical regulated agents exist, such as regional electricity distribu­
tion companies. It employs a mechanism by which a particular utility is regulated 
on the basis of the private information acquired from all remaining utilities. These 
constitute a benchmark (or "yardstick") against which the utility's potential can be 
assessed. The price that the utility charges, therefore, depends on the costs of other 
utilities. In return for the revelation of a utility's private information, the regulator 
uses that information exclusively for the regulation of the other utilities, not for 
the regulation of the utility revealing the information. Each utility knows that pro­
viding true information will not influence its own regulation. Hence, it has no in­
centive to give false information and will provide true information (Bos, 2001: 8). 

Yardstick regulation implies little information requirement for the implementa­
tion of a first-best regulation. There are no adverse incentive effects for the regu­
lated utility, and it pursues a profit-maximising strategy like under a first-best 
regulatory solution. 

The mechanism, however, is not without drawbacks. For instance, it is vulner­
able to collusion, since the profits of a utility depend on its own revelations. Yard­
stick regulation might be compromised in cases where single monopolistic utilities 
have been split up in a number of (privatised) utilities, as in the case of the British 
regional electricity distribution companies (Bos, 2001: 9). 

In case of electricity transmission companies, yardstick regulatory regimes can 
raise problems because comparative analyses of transmission companies on an in­
ternational basis are obscured by functional differences and different physical 
characteristics such as voltage levels and system services (NER, 2003: 20). 

4.3.4 Vogelsang-Finsinger Regulation 

Vogelsang and Finsinger (1979) proposed an iterative regulatory mechanism lead­
ing the regulated firm to gradually move to Ramsey prices and outputs.̂ ^ In the 
first period of regulation, the regulated agent, a profit-maximising company, 
charges some price for each good, sells some quantity of each good, and incurs 
some cost for producing the outputs. The regulator, who is maximising welfare, 
observes these prices, outputs, and costs of the first period and constrains the 
company in its choice of prices in the second period. The company can charge any 
prices in the next period, provided the next period's price, when multiplied by the 
first period's quantities, does not exceed the first period's cost. Within this new 
regulatory set of prices, the company will in any given period choose prices that 

For an extensive discussion of the Vogelsang and Finsinger mechanism see Train 
(1991). 
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are maximising profits. This iterative process continues until prices break-even 
with Ramsey prices.^^ 

The main advantage of this regulatory adjustment process is the minimum in­
formation requirement for the regulator. In order to stipulate the regulatory set of 
prices, the regulator merely needs to know prices, quantities and total cost of the 
past period. Notably, no information on the shape of demand and cost functions is 
required, nor any information about the distribution of particular non-observable 
variables (Bos, 2001: 7). 

Drawbacks of this type of mechanism are that the utility is induced to increase 
cost in the long run because present expenditure leads to a higher price level in the 
future, thereby increasing long-run profits. Demand and cost functions must re­
main unchanged until the Ramsey optimum is achieved, and this can only hold if 
the regulatory set of prices is fi'equently revised. Even annual revisions may not be 
frequent enough (Bos, 20001: 17) Concerns are reported particularly with regard 
to an application in the electricity industry which is capital-intensive and where 
long-run investment costs play a significant role. Kinnunen (2003: 46) points out 
that there is no inter-temporal connection between the cost functions of the differ­
ent periods, nor is technological progress taken into account. 

4.3.5 Self-Selecting Tariffs (Sibley Mechanism) 

A self-selecting tariff scheme exists when a company offers the user the option to 
select one particular tariff of its choice. Economic theory suggests that a rational 
user faced with such an option will choose the tariff that maximises its individual 
consumer siuplus. Self-selecting tariffs provide regulated companies and the regu­
lator with a mechanism for increasing surplus. A self-selecting tariff scheme to­
gether with an existing scheme, where prices do not equal marginal costs, will 
produce increases in surplus. To enable the company to extract all the potential 
surplus gains, Sibley (1989: 393-404) proposes a mechanism that is applied sepa­
rately to each user in situations where the users' demands differ. In each period 
the company is allowed to design a tariff for each user and to offer that tariff only 
to that user. For each user the regulator also designs a tariff that the company is 
required to offer to the user. The regulator's tariff consists of the per unit charge 
that the firm charged under its own tariff for the customer in the previous period; 
the fixed charge is the average operating profit per user that the company made in 
the previous period (Train, 1991: 264ff). 

4.3.6 Incremental Surplus Subsidy Scheme 

Sappington and Sibley (1998) propose a regulatory mechanism called the incre­
mental surplus subsidy scheme or ISS. It aligns social and private incentives with 
investment cycles and can be implemented also when the regulator has no infor­
mation about the cost structure of the regulated company. The regulator only 
needs to share the agent's information of demand and to be able to observe expen-

For illustrating quantitative examples, see Train (1991: 149f.). 
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ditures of the agent. The scheme induces the agent to set prices at marginal cost in 
order to minimise production costs, and to undertake efficient investments. The 
company retains the social surplus created by the investment for one period. Dur­
ing that period, the company must bear the costs of the investment. In subsequent 
periods, the company is compensated for the actual costs of its investment. 

4.4 New Regulatory Economics 

The new economics of regulation views optimal regulation as a principal-agent 
situation where the company acts as an agent of the government in supplying third 
parties. The agent acts strategically, and the principal maximises social welfare 
accruing fi*om the informational advantage of the agent. Regulatory activity is 
viewed as a control problem under incomplete information and attempts to reduce 
the information asymmetry. It gives incentives in the form of rewards and penal­
ties in order to promote most efficient production. 

The approach was first developed for the one-good firm by Baron and Myerson 
(1982); Laffont and Tirole (1993) examine the multi-good situation. Here, the 
regulator faces a choice between allocative efficiency, productive efficiency and 
distribution effects. 

4.5 Benchmarking 

In incentive-based regulation, efficiency of operations is a key element and almost 
invariably involves benchmarking or comparison of the actual with some refer­
ence performance. For example, the regulator can base a review under a RPI-X 
regime on industry-wide performance rather than company-specific perform­
ance.̂ ^ This may involve explicit benchmarking between similar regulated compa­
nies. 

Two techniques are commonly used when benchmarking companies: statistical 
(regression) analysis and data envelopment analysis (DEA).̂ "̂  ^̂  Statistical tech­
niques attempt to establish a correlation between the inputs and the outputs of a 

The term X-inefficiency, proposed by Leibenstein (1966) is not related to the term X 
in the RPI-X formula, the latter measuring productivity increases (Bos, 2001: 17). 
In their survey of the use of benchmarking methods used by the electricity regulators 
in OECD and other countries, Jamasb and Pollitt (2001) find a notable preference for 
the non-parametric methods. 
Electricity distribution companies in most cases can assess their relative efficiency on 
the basis of national cost comparisons. Transmission system operators, however, are 
frequently organised as legal national monopolies and, hence, need to look across na­
tional borders to obtain an indication of relative efficiency. One way of achieving this 
is to participate in international transmission system operator benchmark exercises 
together with regulators and transmission system operators from other countries. 
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company which then is used to determine the relative ranking of the companies in 
a sample group.̂ ^ 

DEA^^ is a linear programming-based technique to evaluate the efficiency of a 
number of producers that are referred to as a decision making unit (DMU). The 
relative performance of DMU is measured where the presence of multiple inputs 
and outputs makes direct comparisons difficult. A virtual producer is defined as a 
benchmark. Any company situated beyond this frontier is considered inefficient: If 
a given producer X is capable of producing a particular output with a certain input, 
other efficiently operating producers should also be able to do so. Similarly, if 
producer Y is capable of producing particular units of output with a certain input, 
again the other producers should be capable of doing the same. Producers X, Y 
and others are then combined to form the virtual producer with composite inputs 
and outputs. If that virtual producer is more efficient than the producer under 
study, because it can produce more with the same input or produce the same with 
less input, then the producer under study is inefficient. 

Shuttleworth (1999) points out that despite its attractiveness in principle, 
benchmarking could be "a long and winding path to a regulatory dead-end": 
There is the risk that ftmdamental principles of economic regulation are violated, 
notably when operating cost and capital costs are benchmarked separately. Shut­
tleworth finds that the use of benchmarking is also inconsistent with conventional 
approaches for the estimation of the cost of capital (rate of return); efficient com­
panies (on the frontier) will earn returns above the average. The principle that 
techniques for setting revenues should be as objective as possible is violated if es­
timates of cost and the manipulation of the frontier area remain entirely subjective. 
He concludes that benchmarking presents a number of methodological difficulties 
that, if not overcome, will rule out its use for regulation, because the results are in­
trinsically biased against cost recovery by regulated companies. 

5 Electricity Market Reform and Regulatory Effectiveness 

The value-chain of the electricity sector basically consists of four value-added ac­
tivities: electricity generation, transmission (high, super-high voltage grids, i.e. 
220-500 kV), distribution (low, medium, high voltage networks, i.e. 0.4-220 kV) 
and sales and wholesale and retail trading. 

Only the activities of providing transmission grid and distribution network ser­
vices are considered to be natural monopolies2^ barring competition in network 

27 

Jamasb, Nillesen, and Pollit (2003) study regulation benchmarking and show how 
strategic behaviour can result in inefficient behaviour by firms. They apply the DEA 
method on US utility data to examine implications of selected cases of strategic be­
haviour. Their results show that gaming can have significant effects on the measured 
performance and profitability of firms. 
DEA has first been proposed by Chames, Cooper, and Rhodes (1978). 

^̂  Including the provision of regulating power and network congestion management. 
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services provision but also in upstream and downstream markets. Regulatory re­
form in the electricity market thus aims at removing barriers to competition in ar­
eas upstream of the grid, i.e. generation and imports, and downstream of the grids, 
i.e. sales and wholesale and retail trading. 

The reform models observed worldwide differ by their specific blend of struc­
tural and conduct regulation. They feature various degrees of vertical integration 
(unbundling ranging from ownership and legal unbundling to formal accounting), 
different types of activities open to competition (i.e. generation, wholesale trading, 
retail trading), and different regimes of regulation transmission and distribution 
activities (Von Hirschhausen and Opitz, 2001: 3). 

Kumka (1999: 14ff) distincts the reform models as follows: 
- Single Buyer: Under this regime, competition in generation and import takes 

place by way of negotiation between the single buyer and generators or impor­
ters. The single buyer acts thereby as a monopsonist upstream and a monopolist 
downstream. 

- Electricity pool: Under this regime, an independent system operator is institu­
ted, responsible for system operation and dispatching of the generating plants 
and imports. There is competition in generation and retail trading, while whole­
sale trading is organised through a compulsory pool and dispatching scheme. 
The system operator acts as a monopsonist upstream and a monopolist down­
stream. 

- Third Party Access: Under this regime, the compulsory element in wholesale 
trading is removed and there is competition in generation, sales and wholesale 
and retail trading. The access to transportation and distribution grids is either 
regulated or negotiated. Vertical disintegration ranges from ownership, legal 
unbundling to formal accounting. 

- Common Carrier: Under this regime, the value chain is ftiUy unbundled and 
competition prevails at all levels. Transmission grids and distribution networks 
remain regulated monopolies. 
It is difficult to pass judgement on the effectiveness and quality of an electricity 

market regulation. When can markets be considered efficient? In rare cases, like in 
the case of the sustained energy crisis in California, detrimental effects can di­
rectly be observed and attributed to features of the regulatory schemes. Though 
similar detrimental effects (sustained blackouts) had been observed in the North-
em US and Canada, allegedly attributable to market reform, no objective link to 
market reform as the cause has been established yet. And the same holds true for 
the blackout in Italy. 

The effects of regulation encompass a multitude of factors ranging from prices 
and profits to market structure and quality of service.^^ Given the overall regula­
tion objective of maximising welfare, there is a temptation to reduce the analysis 
of regulatory impact to price surveys, accepting the price as the ultimate yardstick. 
Prices prior to regulation, or deregulation, of a particular market are compared 
with those after regulation, or deregulation. Lower prices are then attributed to in­
creased efficiency of the sector and to a successfiil regulatory system. This is as 

For a regulatory impact analysis, see OXERA (2001). 
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simple as misleading. A methodologically correct way of using price as a yard­
stick would be to measure prices observed after regulation against counter-factual 
prices, i.e. prices that would prevail had regulation, or deregulation, not occurred 
and the previous market fi*amework persisted. Even in cases where counter-factual 
prices can been established, assessing the regulatory impact is not straight for­
ward, as is illustrated by the following cases. 

Bower (2002) analyses the electricity market reform of 1990 in the UK that was 
superseded by another reform in 1999 called New Electricity Trading Arrange­
ments (NETA). He investigated the decline in prices after 1999. Had the fall in 
prices been caused by the regulator who was forcing the dominant duopoly of fos­
sil fixel generators to divest coal-fired plants? Or have they occurred because the 
original Pool market mechanism was replaced with NET A? Backward regression 
analysis of functionally equivalent elements of day-ahead prices under the Pool 
and NETA indicates that changing the regulatory arrangements produced no statis­
tically significant response (except for the removal of capacity payments). In con­
trast, coal plant divestment, increased imports of foreign coal, and overcapacity 
caused by the dash for gas, caused the majority of the price fall. Bower concludes, 
therefore, that direct system development costs, associated management costs, and 
increased operational risk of implementing NETA were unnecessary because in­
dustry restructuring, a result of the original reform, had already brought about a 
significant price reduction by March 2001. 

Econometric analysis by Evans and Green (2003) on data fi-om 1996 to 2002, 
however, implies support for two conflicting hypotheses. On a static view, in­
creases in competition and the capacity reserve margin were chiefly responsible 
for the fall in prices. If, however, generators had been tacitly colluding before 
NETA, the impending change in market rules might have changed their behaviour 
a few months before the abolition of the Pool. That view implies that NETA re­
sulted in reduced prices. 

6 Conclusions 

Expectations in respect to the potential results of energy market reforms and regu­
lations were high and in some regards unrealistic. Recent energy market incidents 
are not likely linked to market reform. Regulatory impact and economic effi­
ciency, though, are diffuse and hard to establish, and the benefits resulting from 
electricity market reform may not receive adequate recognition. 

While economics places most of its effort on the complete explanation of the 
existence and incidence of regulation, comparatively little attention has been given 
to regulatory impact analysis. It would, therefore, be a useful addition to the regu­
latory process to consider the ex-ante design of a potential ex-post impact analy­
sis. 
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Abstract. The paper identifies three key challenges for current energy policies: In-
temalisation of externalities, efficient operation of markets and investment ade­
quacy in liberalised markets. The corresponding research issues are then dis­
cussed, focusing on the simultaneous achievement of efficient market operation 
and investment adequacy in electricity markets. The paper points at the need for 
applied stochastic models in this field and provides some directions for the con­
struction of such models. Furthermore it raises the question whether there is an 
underlying challenge: a trade-off between robustness and efficiency in the design 
of markets. Robustness as a control-theoretic concept is briefly sketched and its 
potential relevance is illustrated using several examples from environmental eco­
nomics and beyond. 

1 Introduction 

'^Veritas adequatio rei et intellectu '* 

Applied research is at the crossroads of academics and real world and more than 
other disciplines it has therefore to face the quote attributed to Aristotle and cited 
in entry. It ascertains, if translated in an informal way, that truth is the matching of 
things and thinking. Or, expressed in a more dynamic, process-oriented perspec­
tive: (Applied) scientific knowledge is arising when the constructions of our 
minds - our models - and the real world are put into correspondence. 

Energy market regulation and deregulation has always been inspired by con­
temporary economic thinking and has inspired in turn economic thinking - from 
the traditional "natural monopoly" idea to the concept of "contestable markets". 
But still we feel that economic thinking and economic models of energy markets 
have to evolve further to cope with the contemporaneous challenges of sustain-
ability and globalisation. 

mailto:christoph.weber@ier.uni-stuttgart.de
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2 Key Policy Challenges and Corresponding Research Needs 

For some decades, energy policy in European countries has been marked by the 
triple objective of environmental protection, cost effectiveness and security of 
supply. And still today major policy challenges lie ahead in those three fields. 
They may be summarised through the following three key issues, related to the 
aforementioned traditional objectives: 
1. Intemalisation of externalities - environmental protection 
2. Making markets work efficiently - cost effectiveness 
3. Ensuring sufficient investments in liberalised markets - security of supply. 

This policy needs also give rise to several research issues, which shall be 
briefly discussed in the following paragraphs. The next major paragraph is then 
devoted more specifically to the issue of reaching simultaneously efficient markets 
and sufficient investments in electricity markets. 

2.1 Intemalisation of Externalities 

The quantification of externalities associated with energy and transport systems 
has been a topic now for more than a decade in the European Union and beyond 
(cf e.g. Friedrich and Krewitt 1997). Recent advances notably include improved 
assessments of the externalities associated with noise and particle emissions and 
improved meteorological models. Nevertheless major scientific challenges await 
clarification: 
- Huge uncertainties and methodological challenges still exist as far as the dam­

age costs associated with climate change are concerned. Using mitigation costs 
instead of damage costs helps internalising the trade-off between various emis­
sion reduction policies. Yet it is clearly unsatisfactory for the more fimdamental 
trade-off between climate change mitigation and adaptation, which has to be 
carried out when fixing European or rather world-wide emission reduction or 
stabilisation targets. 

- Integrated assessment has been proposed as a unifying approach for dealing 
with environmental trade-offs in energy policy and beyond. But models and 
data need further improvement in order to provide reliable results. 

- The implementation of external costs in concrete policies is still facing consid­
erable reluctance and scientific research analysing the reasons for this reluc­
tance may help overcome those barriers. 

- The European Union is now about to implement an emission trading system for 
CO2 and is thus relying on market-based instruments for climate change mitiga­
tion. However, applied research is lacking, which provides theoretically well-
founded recommendations for the practical implementation of the trading sys­
tem, e.g. on the primary allocation of certificates, on transfers of emission 
rights fi'om old to new plants or on the advantages/inconveniencies of up­
stream, downstream or middlestream (as in the current EU-system) attribution 
of emission certificates. 
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Besides the first-best instruments, being taxes and certificates, often also other 
policy instruments such as standards, subsidies or feed-in tariffs are applied in 
order to achieve energy efficiency and climate policy goals. Varying rationales 
are provided for justifying such policies, like information gaps among consum­
ers or measurements/transaction costs for implementing first-best solutions. 
Also uncertainty, risk aversion and (partial) irreversibility of decisions could 
justify the use of second-best instruments. Some analyses have been done in 
that field (e.g. Gustafsson, 1998, Weber and Dicke, 2001) yet there is a need for 
more well-founded theoretical and empirical economic analyses, which could 
confirm or refute the validity of such arguments in the light of modem micro­
economics and behavioural economics. 

2.2 Making Markets Work Efficiently 

Deregulation of electricity and gas markets has been a major political issue in 
Europe and worldwide during the 1990s. But still market opening is incomplete in 
many EU countries and at the same time the claims for more liberalisation have 
become less pressing all over the world and most notably in the U.S. after the 
California power crisis and the Enron debacle. The work and publications done in 
economics on the regulation of energy markets are impressive by their volume. 
Nevertheless in order to arrive at functioning and efficient energy markets, further 
research and applied models are needed, which should especially address the fol­
lowing issues: 
- Interplay between physical system and (financial) markets 
- Regional market power and workable competition 
- Costs vs. benefits of unbundling. 

In the first phase of the deregulated electricity business, many thought that elec­
tricity market mechanisms could simply be investigated and understood by trans­
posing methods and concepts fi"om finance mathematics and financial markets. 
For example, early publications on real options like Hsu et al. (1998) are mostly 
using the Margrabe (1978) model of cross-commodity options for valuing power 
plants. But more recent publications like Tseng and Barz (2002) take into account 
much more technical detail such as start-up costs, part-load efficiency or minimum 
operation times, when modelling power plants as real options. Similarly also for 
the description of markets and market dynamics, the technical characteristics of 
electricity - its non-storability and grid-dependency - have to be taken into ac­
count properly. For the Nordic, hydro-dominated electricity system this is less 
crucial than for the rest of Europe, since hydro-storage makes electricity markets 
behave almost like markets for storable commodities or equities. E.g. Lucia and 
Schwartz (2002) have developed a model for determining empirically the implicit 
market price of risk in electricity markets based on finance methods. They applied 
it to the Nordic power market and obtained reasonable results, with a market 
dominated by the risk aversion of buyers and consequently a negative market price 
for the risk associated with forward contracts. Conversely, Benatzky (2003) did 
not obtain consistent results when applying the same model to the German elec-
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tricity market. This is, because in the German market there exists at best a conver­
gence in probability between forward and spot market prices, whereas hydro stor­
age in the Nordic market implies strong convergence since otherwise arbitrage 
possibilities would arise for hydro operators. 

Also the issue of regional market power is intimately linked to the grid depend­
ency of electricity and gas. Traditionally, the Hirschman-Herfindahl index is used 
frequently to measure market power in oligopolistic markets. But for grid-
constrained markets it is unclear, whether it should be applied to single national 
markets or to the European market as a whole (cf e.g. Ellersdorfer et al., 2003). 
And even if the issue of measuring market power correctly has been resolved, one 
has to ask, whether this market power is problematic or whether - perfect compe­
tition being out of reach due to economies of scale (notably in risk management) -
the observed degree of competition corresponds to a workable competition or 
whether it rather constitutes an abuse of market power. 

Fig. 1. Structure of a fully unbundled electricity industry. 
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A fully unbundled electricity industry is depicted in Fig. 1 (cf Weber, 2004). 
Yet practice in most European countries to date is lacking far behind this theoretic 
model. And even one may wonder, whether such a full unbundling is really the 
welfare optimal solution. Especially the retail business (sometimes also called 
supply business) may generate in itself a rather limited value-added, whereas its 
separation from both distribution and generation implies considerable costs for 
data transfers, operation management and risk management. In this context, fur­
ther applied economic research is needed to determine which market constella­
tions are the most promising for obtaining market efficiency in the long term. 

In the current political and market context, these general issues of market effi­
ciency should be particularly investigated for the following three markets: 
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1. Gas markets. Here one key issue is finding workable trading arrangements in 
the presence of different gas qualities. Furthermore the value-added of the retail 
and trading business in itself being presumably also rather limited, the eco­
nomic efficiency of various bundling alternatives should be analysed carefully. 

2. Regulating power markets. Despite Europe-wide transmission grids, regulating 
power, which is key for system stability and security of supply, is traded at na­
tional or even sub-national level. The markets are fragmented and characterised 
by demand monopsons (cf e.g. Swider and Weber, 2003). When generating 
capacities are scarce^ regulating power and consequently security of supply 
will only be provided, if a substantial option premium is paid in advance. Here 
the impact of market structures and arrangements on market equilibria and 
prices has to be analysed carefully. 

3. Combination of renewables promotion and competitive electricity markets. The 
integration of larger amounts of fluctuating renewables in the electricity system 
increases the volatility of the demand for conventional power and thus might 
decrease system stability. Moreover, the fluctuating patterns e.g. of wind en­
ergy are considerably different from the fluctuations in demand and thus pose 
new challenges for power plant operation, which have also implications for 
market prices and optimal market structure (e.g. two-hours-ahead spot market 
instead of day-ahead market). Furthermore, depending on the market arrange­
ments for renewables production, considerable price effects may be expected 
on the conventional market. Here currently several research projects are under 
way, which analyse the integration costs, taking into account the stochastics of 
wind and other renewables (cf RISOE, 2004, EEG, 2004), but fiirther research 
is needed, focusing particularly on the market and long-term perspectives for 
the integration of renewables. 

2.3 Ensuring Sufficient Investments in Liberalised Markets - Security of 
Supply 

Security of supply certainly is a political subject with multiple facets, which do 
not all fall in the realm of applied economic research (e.g. protection against ter­
rorist attacks). Yet it has also at least three aspects, which are challenges for ap­
plied economic research: 
- Risk management in the longer run 
- Oil and gas markets - production peak 
- Capacity adequacy in electricity markets. 

The third point will be taken up in some more detail in the following paragraph, 
but a few remarks on the first two are given beforehand. 

This occurs especially in thermally dominated markets - in hydro dominated markets 
like the Scandinavian ones usually energy is scarce, whereas capacity, defined as the 
maximum possible power output at one moment in time, is mostly not the limiting 
factor. 
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Risk management in companies (inside and outside the energy markets) has so 
far mostly focused on the short-term perspective - using notably measures like 
value-at-risk to evaluate the loss probabilities in the coming 1 to 10 days (cf e.g. 
Pilipovic, 1998). For the electricity markets, the profit-at-risk methodology has 
been developed as a complement (cf Henney and Keers, 1998), but it has re­
mained so far rather unconnected to the general risk management literature. Weber 
(2004) describes an approach for combining the concepts of value-at-risk and 
profit-at-risk, considering also explicitly the incompleteness of markets. Incom­
pleteness of markets is in contrast to the famous Arrow-Debreu framework, but is 
an empirical fact in almost all financial and commodity markets. It constitutes, 
however, a particular challenge in the case of electricity, given its non-storability. 
In this field ftirther research is needed in order to get an improved understanding 
of market fiinctioning and dangers of market failure, especially with respect to in­
vestment adequacy (cf below). 

Also in oil and gas markets, longer-term risks require increased attention. In re­
cent years, the possibility of production peaking in the coming years has been put 
forward especially by geologists. Economists usually point in this debate at the 
substitution and technology improvement effects which will be induced by rising 
prices. Yet a tighter supply-demand balance is likely to induce more volatile 
prices, which in turn may substantially affect the world economy. Furthermore 
time lags in exploration and production development activities may induce me­
dium-term shortages even if in the longer run production constraints are not bind­
ing. Applied economic research is needed in this situation, which looks carefiilly 
at the dynamics of world oil and gas prices resulting from the complex interplay of 
exploration activities, investment in new production facilities, production activi­
ties, forward market prices and politics. Thereby it seems crucial to abandon the a-
priori assumption of general equilibrium and stability of the equilibrium and rather 
investigate the dynamics using recursive, stochastic models with various anticipa­
tion assumptions (from myopic expectations to perfect foresight, including also 
various forms of adaptive expectations). Also in this line of research, investiga­
tions on a possible trade-off between robustness and efficiency of markets (cf be­
low, Section 5) might be helpfiil. 

3 One Key Challenge: Efficiency of Electricity Markets in the 
Longer Run 

Electricity markets pose specific or/and more acute challenges to regulation than 
other energy markets given the fimdamental physical characteristics of electricity: 
non-storability and grid-dependency. Moreover, electricity is considered almost as 
a primary need - at least in developed countries - and short-term price elasticity is 
traditionally very low, except perhaps for some large industrial users. In this con­
text, ensuring the efficiency of electricity markets in the longer run, which means 
especially ensuring adequacy of generation capacities, is a serious challenge, as 
shall be demonstrated in the following paragraphs. 
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3.1 Problem Description 

For maintaining security of supply in the medium and longer term, sufficient in­
vestments in new power plants are a necessary precondition. On the other hand, 
over-investment in generation capacities, as occurred in the former regulated elec­
tricity system, would reduce considerably the efficiency of the markets and reap 
the benefits of liberalisation for the customers. For the utilities, investments in 
new power plants are strategic and risky decisions, since they imply considerable 
sunk cost, which usually cannot be recovered for years. These investments, con-
trarily to the investments in transmission and distribution grids, have to be refi­
nanced through revenues in competitive markets. The key issue in this context^ is 
the question which has been labeled the investment paradox: How can long-term 
investments be refinanced in an energy market, where prices are almost all the 
time based on short-term marginal costs? (cf Weber 2003) 

The investment paradox may be summarised in six key theses. These are out­
lined in the following and justified briefly: 
1. As long as sufficient generation capacity is available, electricity prices on an ef­

ficient (wholesale) market will not (or only little) be above variable generation 
costs. 

2. When capacities become scarce, prices rapidly rise to extreme peaks. 
3. First, capacity shortages only arise a few hours per year. 
4. From one year to the following, the probability of capacity shortages increases 

dramatically 
5. The revenues from capacity shortages, which could be taken to refinance in­

vestments, are extremely difficult to predict. 
6. The first investor does not get any first-mover advantage. 

Theses 1 and 2 are illustrated through Fig. 2. Prices at the German spot market 
have risen up to 100 €/MWh and more in a few hours of 2001 and 2003 but have 
been around 25 € on average. In principle, investments in power plants should be 
refinanced fi-om the extra cash flow in the extreme hours, which is considerably 
above short-term marginal costs. This is also the theoretical solution proposed by 
conventional economic models of peak-load pricing (e.g. Boiteux, 1960, Chao, 
1983, Oren, 2000/ But the elements summarised in theses 3 to 6 make it unlikely 
that sufficient investment will take place if the market is organised - as in most 
European countries today - as energy-only market^. 

Another partly related issue is the appropriateness and the reliability of the political 
context for such investments. 
Neuhoff and de Vries (2003) provide a micro-economic model of energy-only mar­
kets, where under-investment arises as a consequence of risk aversion and weather 
uncertainty. 
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Fig. 2. Price duration curve of German LPX spot market prices in 2001 and marginal gen­
eration costs of various technologies. 
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Fig. 3. Probability of capacity scarcity as a function of reserve margin and load uncertainty. 
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The time lag between an investment decision for a new power plant and its 
commitment is in Europe about two years for gas fired combined-cycle plants and 
up to five years for coal fired plants. It is extremely difficult to predict the reve­
nues, which can be achieved as a consequence of capacity scarcities, even just for 
the first year after the commitment of the plant. If the predictions for the growth in 
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demand or the reduction in installed capacities are false just by one percentage 
point, the revenues from capacity shortages will increase or decrease by a factor of 
1.4 or more (cf Fig. 3"̂ ). This holds, if the amount of the extra revenues is inde­
pendent of the frequency of capacity shortages. In the (more likely) case of a posi­
tive correlation, the uncertainty on revenues is even higher. 

So if the utilities or other potential investors have just slight misperceptions of 
the fixture development of the supply-demand balance, they may either over- or 
underinvest. And in the latter case, real capacity shortages may be observed. 

3.2 Solutions Proposed 

Facing this problem, two basic alternatives exist: Either one may rely on the exist­
ing energy-only markets and the utilities active therein or one may introduce new 
market elements, which of course should lead to a light-handed, as market-
conform as possible regulation. In the first case, the following elements for ensur­
ing long-term market efficiency may be envisaged: 
- Increases in the market size and/or the market liquidity, e.g. through new 

transmission lines 
- Increased use of Demand-Side-Management measures such as switchable loads 
- Increases/decreases in the number of market participants 
- Improved quantification of market uncertainties 
- Further development of the mark-to-market valuation 
- Creation/maintaining of a market structure with vertically integrated compa­

nies. 
First elements for an assessment of these alternative proposals may be found in 

Weber (2003), yet further research is needed to investigate the prospects and limi­
tations of the different approaches. 

According to de Vries and Hakvoort (2003) major alternatives to a light-
handed, market-conform reregulation of electricity markets are: 
- Imposition of capacity requirements 
- (Re-)Introduction of capacity payments^ 
- Use of capacity subscriptions 
- Definition of mandatory reliability contracts 
- Use of mothball reserve. 

Again some elements for a comparative analysis have akeady been compiled 
(cf de Vries and Hakvoort, 2003), but further research is needed, especially on the 
pros and cons of such reregulations vs. energy-only markets. 

The derivation of this figure is described in some detail in Weber (2003). 
Such capacity payments were in place in the former England and Wales pool system 
and are currently still practised in Spain. 
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4 One Key Research Need: Applied Stochastic Market Models 

Given the non-storability of electricity, it should be clearly stated with any model 
used for the assessment of electricity market regulations, how it is dealing with 
stochastic fluctuations both in the demand-supply balance and in prices. This does 
not necessarily mean that all models have to be explicitly stochastic, one may also 
provide arguments why the use of expected values instead of full stochastic distri­
butions is sufficient. Yet when deriving appropriate regulations for liberalised 
markets with increasing fluctuating supply stochastic models will certainly play a 
more and more important role (e.g. Weber, 2002, Barlow, 2002). 

However the field of stochastic analysis is large and multiple alternative speci­
fications could be employed. Here the following points seem worth retaining for 
directing the analysis and the model formulation: 
1. Non-normal distributions are important Empirical analyses of electricity mar­

ket prices show that price changes are throughout non-normally distributed (cf 
Cuaresma et al , 2004, Weber and Hoeck, 2003). Also GARCH-model specifi­
cations are usually not satisfactory, whereas switching-regime models provide 
an interesting alternative (cf e.g. Elliott et al , 2000, Huisman and Mahieu, 
2001, Weber, 2004). Wind power generation is another example of a non-
normally distributed time-series. Here non-normality is a consequence of the 
non-linear power generation curve of wind turbines. 

2. Capacity constraints have to be considered. They constitute a major cause of 
non-normal distributions of electricity prices, since price spikes are usually oc­
curring when capacities get scarce. Furthermore, capacity adequacy is a key 
concern for energy market regulation in a longer-term perspective as discussed 
in Section 4. 

3. Multivariate distributions have to be modelled carefully. E.g. the capacity 
credit attributable to wind energy converters strongly depends on the distribu­
tion of wind speeds (or rather generated wind power) in different sites (e.g. Lux 
et al., 1999, Norgard and Hottinen, 2004). For modelling the multivariate dis­
tributions of non-normal stochastic variables, the concept of copula (e.g. 
Nelsen, 1999, Embrechts et al., 2000) can be helpful. 

4. Long-term behaviour of stochastic processes is of key importance. This is illus­
trated in Fig. 4 through a comparison of the long-term behaviour of basic sto­
chastic models often used in financial and energy market analysis. For the Wie­
ner process (which is an integrated and thus non-stationary process in 
econometric terms), uncertainty steadily increases with the time horizon con­
sidered, whereas for the stationary mean-reversion process, uncertainty remains 
bounded. In practice, a combination of stationary and non-stationary processes 
is most promising when longer-term price developments have to be modelled 
(e.g. Karesen and Husby, 2002). 
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Fig. 4. Price uncertainty (measured as standard deviation of simulations) as a function of 
forecasting horizon in Wiener processes (Geometric Brownian motion) and mean reversion 
processes. 
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The usage of stochastic models will not guarantee in itself an adequate analysis. 
Rather, given the broad variety of possible models, it is even more important to 
bear Aristotle's saying in mind. A further key issue for successful applied models 
and for successful regulations is certainly the simultaneous consideration of physi­
cal and economic aspects. For example, the most successful scheme for electricity 
market operation in the U.S. is the Pennsylvania-New Jersey-Maryland (PJM) 
pool. And in this sophisticated scheme of 'Vocational pricing", the prices at the 
different nodes in the electricity grid are determined using an economic model in­
corporating detailed electrical load-flow calculations. 

The use of stochastic models should however not remain limited to the electric­
ity markets. Also for oil and gas markets, stochastic models can provide useful in­
sights into the dynamics of the market and the risks at hand. Therefore, Rehrl et al. 
(2004) propose to develop an explicitly stochastic model of the world oil and gas 
markets. 

5 One Underlying Theoretical Challenge: Robustness vs. 
Efficiency? 

In the previous paragraph, we have emphasised the necessity of employing sto­
chastic models for analysing energy markets and related regulations. In this sec­
tion, a related but more fundamental issue is raised: Is the objective of efficiency, 
which has guided most of the market reforms in the energy sector and beyond, 
sufficient? Or has it to be complemented by the objective of robustness? 

Mathematical and engineering control theory has developed the concept of ro­
bust control in the last decades (e.g. Zhou and Doyle, 1998) and it has been shown 
that there is always a trade-off between the efficiency of a control system and its 
robustness (cf. e.g. Safonov, 1981, Doyle et al., 1988). The efficiency of the sys-
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tem describes its reactions to disturbance signals. The lower the integral loss func­
tion over the so-called transfer or sensitivity function, the less a system is affected 
by disturbances such as demand fluctuations, and the more efficient is the control. 
The economic equivalent clearly is the maximisation of welfare, which results in 
an efficient economic system. 

Robustness by contrast is defined as stability of the control system in the pres­
ence of model uncertainty (deviations in the model parameters). So if the analogy 
holds, ascertaining that markets provide efficient, i.e. welfare-optimal solutions, 
implies that markets must have limitations with respect to robustness. If for exam­
ple the true cost curve for electricity generation differs somewhat from the one as­
sumed by the market, then an otherwise efficient market will produce instable re­
sults. This is true, even if the market (the control system) is welfare-optimal for 
coping with deviations in demand. 

Deviations in demand are in this example stochastic disturbance signals, 
whereas deviations in the cost curve are deviations in the model parameters. And 
the essence of robust control is that there is a trade-off between the efficient treat­
ment of external disturbances and the robustness with respect to uncertain (or 
false) model assumptions. 

A full formal treatment of markets in a control-theoretic framework is beyond 
the scope of this paper. Yet a few examples may illustrate that the concept of ro­
bustness is also present in environmental and other economics - albeit so far 
hardly conceptualised as such^. 

As a first example taken from environmental economics, the issue of biodiver­
sity is worth mentioning. In fact the value of biodiversity is at first sight in a con­
ventional economic framework rather limited: species, which are not exploited so 
far in the economic system, are not part of the (presumably) efficient solution ob­
tained by market economies. But the value of these species is that they provide ro­
bustness - insurance against uncertainties (or defections) in the production models 
employed currently by biotechnology firms, pharmaceutical labs and agriculture'^. 

Also risk management, discussed earlier in the framework of energy markets, 
can be viewed as a strategy for coping with model uncertainties and increasing the 
robustness of an economic (sub-)system. The traders in a company are in perma­
nent quest for efficient deals - providing the company with the maximum (ex­
pected) profit at the current information. Risk management, as a separate and in­
dependent function in the company, prevents the company from going bankrupt, if 
the (implicit or explicit) models of the market used by the traders happen to be 
wrong. 

A few papers, notably by Hansen and Sargent (1995, 2003) and their co-workers (e.g. 
Andersen et al., 1998, Cagetti et al., 2002), but also by Onatski and Williams (2003) 
have already applied the control-theoretic concept of robustness in economics — nota­
bly in the context of risk aversion and in monetary economics. 

Some concepts put forward in ecological economics such as resilience may indeed be 
rather close to the concept of robustness advocated here. However those have, at least 
to the knowledge of the authors, so far hardly been formalised in a welfare-
optimisation framework. 
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As a final, more anecdotical example, the majors in Hollywood may be cited. 
For years they have been putting more and more money in the large blockbusters 
like Titanic or Lord of the Rings. This apparently is an efficient strategy if the 
films succeed with the public - as has been the case with the two aforementioned 
ones. But despite all efforts, the majors are still facing considerable model uncer­
tainty with respect to consumer behaviour. And besides blockbusters, Hollywood 
is also producing a huge number of large budget productions, which yield almost 
as large negative commercial records. Therefore, currently Hollywood is (once 
again) turning towards small and independent producers and directors, increasing 
the robustness of its business by diversifying its production and giving the public 
also a broader variety of screenplays - even if they are on average not as profit­
able. 

These examples of course do not prove in any rigorous way the necessity for 
including robustness as key objective in energy (and environmental) regulation. 
Yet we feel that both the issue of investment adequacy in electricity markets and 
the dynamics of world oil and gas markets could probably be better understood, if 
robustness of markets were addressed more explicitly. Also for the issues of sus-
tainability in general, thinking in terms of trade-offs between efficiency and ro­
bustness might offer new perspectives. A considerable amount of theoretical and 
applied research will however be needed to identify the possibilities and the limi­
tations of this novel line of thinking. 
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Abstract. Whereas the other contributions focused on regulatory issues of elec­
tricity and gas markets from the point of view of economic efficiency, this paper 
tries to broaden the view to the futiure context of all energy markets, or even all 
energy-related markets. It will not consider energy supply policies and specific 
market regulation or re-regulation needs, but it starts from the basic human needs 
leading to material and energy demand and the challenges humankind is likely to 
be increasingly faced during the next decade. These may influence not only en­
ergy research and policy agendas, but rather change its isolated policy understand­
ing into a concept as part of innovation policy designed for sustainable develop­
ment. Several suggestions are made to enlarge the R&D energy policy agenda as 
well as to improve the effectiveness of energy and climate policies, and analytical 
methods and tools are presented. 

1 Energy Use - an Indirect Need - and Energy-Related World 
Challenges 

Energy plays a central role in the economy of both industrialised and developing 
countries. Energy is used due to basic needs such as comfortable living, mobility, 
and services. These basic needs are satisfied by a certain status of technologies; 
most of them are highly inefficient viewed from both the first and second law of 
thermodynamics. The inefficiencies of energy use have many reasons: energy 
price levels that do not reflect full generating, transport and distribution cost or the 
cost induced by their use; classical market deficiencies such as lack of knowledge 
and market survey, investor-user dilemma, limits of credit lines etc. (DeCanio, 
1993 and 1998; Frahm, 1997); other preferences of the investors due to social 
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prestige, fashions, and group-specific value systems (DeGroot, 2001, Sorell et al., 
2000; Kaufmann-Hayoz et al., 2001). 

The inefficiencies do not only cover energy conversion and use (see below), but 
also inefficiencies of using materials and the capital stock (e.g. owning appliances, 
cars or plants with low yearly operating hours between 10 and 300 hours instead 
of pooling them). The inefficiencies may be justified by consumer preferences as 
long as they do not stay in conflict to principles of sustainable development. This 
condition is not met by today's energy use, particularly not in industrialised coun­
tries, as every country (and the world) faces three major energy-related challenges 
in this century and over the next decades, in particular: 
- The share of fossil fuels in current primary energy use, amounting to 80% 

globally or in the EU, is likely to remain high during the next decades, given 
the economics and limited acceptance of nuclear power and the small economic 
potentials and present market shares for renewable energies. This situation con­
flicts with the pressing need to reduce energy-related CO2 emissions which are 
driving global climate change. These emissions cannot be sufficiently absorbed 
by the geosphere and have thus increased the atmospheric CO2 concentration 
by more than 100 ppm or 35% since 1880. The impacts of climate change are a 
major threat to mankind in this century according to the Intergovernmental 
Panel on Climate Change (IPCC, 2001). Today, first elements of adaptation 
cost already amount to billions of Euro per year in Germany, the EU, and 
world-wide. 

- Recognising the role of crude oil as an energy price setter on world markets, 
energy policy will have to pay more attention to the peaking of oil production 
within the next two to three decades. With declining oil production, energy 
price levels are likely to increase substantially. This could induce high eco­
nomic losses due to stranded investments of energy-intensive capital goods. 

- Energy policy will also have to give greater consideration to diversity and secu­
rity aspects given that global road, air and ship transportation is currently al­
most 100% dependent on oil; in addition: Two thirds of the remaining oil re­
sources are concentrated in the Near East, a region of considerable political 
instability. 
To meet these challenges, energy and technology policy must pursue improved 

efficiency in energy production and use as well as improved material efficiency 
and an increased use of renewable energies or nuclear energy as a substitute for 
fossil fuels, especially oil. Among these options energy and material efficiency is 
highly underestimated due to specific disadvantages in society where media play a 
major role (Jochem, 2003). 

2 Today's Inefficient Energy System 

Today, more than 400,000 PJ per year of global primary energy demand deliver 
almost 300,000 PJ of final energy to customers, resulting in an estimated 150,000 
PJ of useful energy after conversion in end-use devices. Thus, 250,000 PJ or two 
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thirds of primary energy demand are presently lost in energy conversion, mostly 
as low- and medium-temperature heat (UNDPAVEC/UNDESA, 2000). The largest 
conversion losses occur in road vehicles and thermal power generation (see Fig 1; 
looking from the viewpoint of the second law of thermodynamics, massive losses 
also occur in low temperature heat generation). 

Fig. 1. Demand of energy services and induced energy demand along the energy chain, 
Germany 2002. 
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Considerations of fixture improvements in energy efficiency often focus on en­
ergy-converting technologies and the distribution of grid-based energies, where 
the energy losses amount to some 60% of primary energy in most economies. But 
there are two additional areas for reducing fixture energy demand which are pres­
ently given little attention (see Fig. 1): 
- Energy losses at the level of usefiil energy (currently about 39% of the German 

primary energy demand) could be substantially reduced or even avoided 
through such technologies as low-energy buildings, passive solar houses, mem­
brane techniques or biotechnology processes instead of thermal processes, and 
lighter vehicles or the re-use of waste heat. 

- The demand for energy-intensive materials could be reduced by recycling or 
substitution of those materials, by improving their design or material properties, 
and by intensifying the use of products, plants, and vehicles by pooling (e.g. 
car-sharing, leasing of machines). 
First empirical and theoretical considerations suggest that the overall energy ef­

ficiency of today's industrial economies could be improved by some 80 to 90% 
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within this century (e.g. Enquete-Commission, 1991, Jochem et al., 2002). Given 
the above-mentioned challenges connected with energy use and the high potentials 
for efficiency improvements, the Swiss Board of the Federal Institutes of Tech­
nology (1998) promoted the vision of a 2000 Watt per capita society by the middle 
of the 21^* century. This represents a reduction of present Swiss per capita primary 
energy use by two thirds while per capita income may increase by two thirds. 

The challenges energy-related research is facing at the beginning of this century 
should not only be seen as threats. The technical and entrepreneurial solutions of­
fer large opportunities for industries and service sectors, as the present intensive 
use of energy and materials will be substituted by capital goods and know-how. 
Furthermore, the new technologies may induce high export potentials for highly 
industrialised regions. 

Countries and firms that invest in these technologies, related R&D and innova­
tion policy are likely to boost their economies and make a significant contribution 
to the pressing problems of climate change and the imminent peaking of world oil 
production. 

3 Plaidoyer for a Consistent Energy Policy 

The intensity of the challenges of mankind's energy use seems to correlate with 
the inconsistency of the economic, energy and climate change policies in industri­
alised coimtries: 
- High economic growth (more than 1.7% per year and capita) is asked for to 

cope with unemployment driven by ever increasing labour productivity (OECD 
countries since 1990: 1.6% per year). This growth is relatively unlikely given a 
linear per capita growth that has been prevailing for several decades and a rap­
idly ageing population. 

- Low energy prices are one objective of energy policy to support economic 
growth and positive attitudes of the voters; in the light of the expected mid de­
pletion point of oil production, the high increase in energy demand of develop­
ing coimtries, and major remaining oil resources in the Middle East (about 
65%), the achievement of this objective is extremely imlikely. 

- Greenhouse gases have to be substantially reduced (in Germany by 21% be­
tween 1990 and 2010 and in today's industrialised countries by some 60 to 80%) 
until 2050), for the use of renewables a European target was set at 20% by 
2020, and some lip-service goes to energy efficiency without any concise target 
and policy programme (where low energy price objectives are contradictory). 

- The German Parliament had decided to phase out nuclear energy; this implies 
additional CO2 emissions by 2030 of at least 60m tonnes. There is no specific 
additional programme for compensating these additional CO2 emissions. No 
consistency of the German future energy supply is possible, if long-term CO2 
emission reduction targets will be maintained, except that no hard coal will be 
used and only little lignite by 2050 (or only zero CO2 emission coal fired plants 
are built and operated) leading to high stranded investments in (conventional) 
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coal power plants and to high new investments in gas power plants and renew­
able energies (particularly if more efficient use of electricity and fossil fuels 
remains a forgotten option in the future). 
This analysis demonstrates the urgent need for a consistent energy, climate and 

economic policy which needs a long-term view in order to evaluate the different 
options of efficient energy and material use, of energy conversion and CO2 cap­
ture and storage. The Enquete Commission of the German Bundestag (2002) tried 
to draw those consistent visions, however, without analysing the cost involved and 
the impact on investments, the economy, structural changes, and society. The 
short attempt on consistency of present economic, energy and climate policies also 
demonstrates isolated policy making and a high level of lacking information on 
technical options of energy efficiency and material efficiency, but also on CO2 
capture and storage or future structures of electricity generation due to decentral­
ised generating options. 

4 More Emphasis on Efficiency Policy as Innovation Policy 

The Board of the Swiss Federal Institutes of Technology (1998) promoted the vi­
sion of a 2000 Watt per capita society, i.e. a reduction of the per capita energy use 
by two thirds despite an increase of GDP by two thirds within the next 50 years. 
This vision has been checked by Swiss scientists since 2002 and the results are at 
least interesting: Synthesising the findings of all technological areas (i.e. convert­
ing primary energies to final and useful energies, reducing the losses of useful en­
ergies, increasing material efficiency, recycling and material substitution), it can 
be safely concluded that the vision of the 2000 Watt per capita society is techni­
cally feasible within some five decades as an absolute minimum of time (Jochem 
et al., 2002; Jochem et al , 2004a). This conclusion is based on the following ob­
servations and prerequisites: 
- Not only improvements of energy conversion technologies (primary to final en­

ergy and final to useful energy) are needed, but larger options and potentials 
can be identified by reducing losses of useful energy (Romm, 1999), increasing 
material efficiency or material substitution (see below and Fig. 1). 

- It is fortunate that the sector with the longest re-investment cycle, the buildings 
sector using about one third of final energy for heating, does not require as 
many additional successes of research and development as other sectors and 
technical areas (except for fiirther cost reductions). However, the political ac­
ceptance in this field is presently far fi*om sufficient to meet the targets of an ef­
ficiency potential of about 80% compared to the present building stock. Key 
technologies include new types of insulation and window systems, highly effi­
cient low temperature heating and heat recovery systems, decentralised com­
bined heat, cold, and power generation, integrated photovoltaic and solar ther­
mal systems as well as ground-coupling systems for seasonal heat storage 
(Jakob et al., 2002). 
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- A major focus of R&D has to be the development of generic new technologies 
with low operating temperatures (e.g. membranes, absorption, biotechnology) 
and substantially improved efficiencies of energy and material use (e.g. 
changed properties of surfaces due to nanotechnology, feeding back brake en­
ergy by power electronics). Energy-intensive manufacturing equipment will 
undergo substantial changes through heat loss reduction and total process sub­
stitution (e.g. new physical, chemical, and biotechnological processes instead of 
conventional thermal separation and synthesis processes leading to energy sav­
ings up to 80% and 90%). 

- With regard to transport, further advances in internal combustion engines and 
fixel cell technology, braking energy recuperation systems, light weight frames 
and new tyre materials are very promising. The performance of air planes can 
be considerably ameliorated by improved turbines, improved structural and 
aerodynamic efficiency as well as air traffic management techniques. Telemat­
ics offer helpful solutions to implement traffic and modal split management as 
well as freight logistics. New trans-shipment and container technology is im­
portant to make multi-modal freight traffic more efficient and attractive. 

- More efficient material use, additional recycling of energy-intensive materials 
or substitution by less energy-intensive materials (e.g. biomass based poly­
mers), greater re-use of products and improved material efficiency will all con­
tribute to reducing the quantity of materials produced and, hence, the energy 
demanded (30% to 80%). 

- Those foreseeable technical efficiency options at all levels of energy and mate­
rial use are likely to be still insufficient for meeting the target. Entrepreneurial 
innovations will support these options and pooling (instead of owning) will in­
tensify the use of machinery, plants, and vehicles. 

- Structural changes to less energy-intensive production (partially induced by 
improved material efficiency or by saturation processes of energy-using appli­
ances and infrastructures) will support the necessary efficiency gains. On the 
other hand, ever increasing mobility, particularly by aircraft, hedonistic life­
styles, or even climate changes resulting in higher summer temperatures induc­
ing additional air conditioning demand are (or may be) compensating trends. 
Politically, the feasibility may be at stake due to European societies' short-term 

decision horizons in the economy and the political system, a similar orientation 
and behaviour of many private households and the hesitant attitudes of many ac­
tors and responsible organisations. Many interest groups such as manufacturers, 
planners, product accompanying services, or the banking sector may not be aware 
of the opportunities and co-benefits offered by the shift towards greater resource 
efficiency (greater turnover, better competitiveness on world markets, higher 
product quality as a co-benefit for companies in industry and services, and new 
jobs, less external costs, eventually increased economic growth, fewer adaptation 
investments to climate change in the long term from a public point of view). 

The transition to a 2000 Watt per capita society within half a century would 
imply a total turnover of the present capital stock of industrialised countries (and 
of a newly built highly efficient capital stock in developing countries an)rway). 
The transition requires a fundamental change in the innovation system (e.g. re-
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search policy, education, professional training, technical standards, incentives, in­
termediates and entrepreneurial innovations). This system (illustrated for the insti­
tutional situation in Switzerland in Fig. 2) must be continuously extended, evalu­
ated, and improved over the coming decades with the perspective that it will be 
integrated into the country's policy on innovation and sustainable development. 

Fig. 2. Scheme of the Swiss energy and energy efficiency research and innovation system. 
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Source: Fh-ISI (2003) 

In conclusion, the challenges of energy use at the global level become so de­
manding, that the portfolio of technical and entrepreneurial options has to be 
broadened and that energy policy has to be understood as part of an innovation 
policy which is substantially driven by aspects of sustainable development. 

5 Implementation of R&D Visions Depends on Innovation 
Systems 

Therefore, the research and innovation system of a country has to be analysed and 
the actors to be convinced by the new vision striving for a 2000 W per capita soci­
ety. Research and innovation systems of a country encompass the "biotopes" of all 
those institutions (see Fig. 2; Smits and Kuhlmann, 2002) that are 
- engaged in scientific research and the accumulation and diffusion of knowledge 

(i.e. research institutions, universities, technical colleges), 
- engaged in education and professional training as well as the dissemination of 

new knowledge to broad audiences (educational institutions, media), 
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- developing and producing new technologies, processes, and products; and 
commercialising and distributing them (e.g. intermediates, infrastructure, tech­
nology producers, trade). 
An innovation system also comprises the relevant policy institutions that set the 

economic, financial, and legal boundary conditions and regulatory bodies (stan­
dards, norms) as well as the public and private investments in appropriate infra­
structure (Dosi, 1988). Every innovation system of a country (and even of a sector 
or a technological area within a country) is unique and develops its profiles and 
strengths only over decades. Each is based on stable exchange relationships 
among the institutions of science and technology, industry, commerce, and the po­
litical system. Since energy and material efficiency is dispersed over all sectors of 
the economy and the private households, the innovation system of resource effi­
ciency is characterised by 
- a high degree of compartmentalisation (e.g. buildings, road transportation, in­

dustrial branches, energy companies) and corresponding sectorisation of the po­
litical administration with low inter-departmental exchange and co-operation, 

- non-interlinked arenas (corporatist negotiation deadlocks involving sovereignty 
of regions in federal states, e.g. cantons in Switzerland in cases such as building 
codes; co-generation using fossil fiiels and heat pumps following a systems 
view, or of member states of the European Union) and related failed attempts at 
restructuring responsibilities in governments or at the EU level; 

- dominance of a "linear model" of energy supply in political approaches (and 
among related technologists, energy economics researchers and consultants) fo­
cussing on energy supply options (such as costly renewables or fiision energy 
where technical and economic feasibility will be an open question for many 
decades to come) and neglecting opportunities at the usefiil energy and energy 
service level in most cases. 
These characteristics of the innovation system of resource efficiency are gen­

eral and almost independent of the country considered, but they are highly de­
pendent on the ubiquity and heterogeneity of energy and material efficiency itself, 
and also on policies of neighbouring and trade-connected countries. 

The weaknesses of under-coordinated innovation policy making, which seem to 
prevail in the energy and material efficiency field at the national and international 
level, should be analysed in more detail. Topics here include poorly articulated 
demand and weak networks which hinder fast knowledge transfer; legislation and 
market boundary conditions in favour of incumbent technologies (with high exter­
nal costs), flows in the capital markets (focussing on large-scale technologies and 
players); and insufficiently organised actors in academia and industry at the na­
tional and international level. 

Preconditions for success in realising the 2000 Watt per capita society include 
research on innovation-focussed and co-ordinating roles for government, address­
ing the large portfolio of technologies and innovations, reinforcing user-producer 
relations, supporting the building of new networks at the national and international 
level; stimulating learning and economy of scale effects, as well as the articulation 
of demand and prime movers. Research on these issues will involve evolutionary 



An Agenda for Energy Policy - An Element of Innovation Policy 243 

economics, sociology of organisation and science, political science, and manage­
ment science. 

6 Conclusions and Suggestions for a R&D Agenda 

Besides the analysis of actors, their interests and role within the innovation system 
the following aspects should be on the research agenda: 
- Developing an understanding of possible techno-economic options (e.g. effi­

ciency options, renewables, material substitution, CO2 capture and storage, 
pooling strategies and related entrepreneurial innovations; 

- analysis of potentials at each stage of research, development, demonstration 
and market diffusion; 

- analysis of the potentials of cost decreases by learning and economies of scale, 
but often more important: identification of co-benefits; 

- analysis of actors in manufacturing, services and final users, their preferences, 
motivations and present or expected transaction cost (e.g. Ostertag, 2002); 

- analysis of obstacles and market imperfections to identify needs of group-
specific or technology-specific policies or business strategies. 
The design of a possible research and development agenda in such a broad 

field of technological options and entrepreneurial innovations is without any doubt 
a major challenge and a huge task. Within the limited possibilities of such a paper, 
therefore, only a few general hints can be made: 
- design possible policy options on the basis of available technical analyses (e.g. 

Jochem et al., 2002 and 2004a) and their economic perspectives which still 
have to be made in most cases; 

- identify and communicate (even prefer) those options which should have 
imbedded flexibility regarding energy carriers, use of materials, and entrepre­
neurial options, given the fact of increasing uncertainties of available oil and 
gas resources, the mid-depletion point of oil production and depending energy 
price increases, the economic development of developing countries and their 
energy needs, and the need for limitation greenhouse gas emissions according 
to expected damages and adaptation cost (being still unclear at present); 

- reflect these options and uncertainties under the aspects of the context of the 
European Union, the division of labour between national governments, the 
European Commission, and industrial research, the needs of developing coun­
tries and interests of European manufacturers and service companies as an op­
portunity on global markets. 
In many cases, technologies or entrepreneurial options are available today (e.g. 

solar passive houses, reducing energy demand by 80 to 90%, three litres consum­
ing cars, reducing fuel demand by 50%, variable speed drives reducing electricity 
demand by 30% to 50%, or car sharing reducing material demand by 80%). In 
these cases innovation policies are needed to take available technologies and 
know-how fi'om the shelves. This may require some research to improve the effi­
ciency and efficacy of policy measures'. 
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- analyse and use the experiences of efficient policy measures in the EU member 
countries and other countries to design new policy activities at the national or 
EU level (or OECD level such as taxation of jet fuel); keep in mind efficiency 
aspects of policies such as regulation by technical standards: mass-produced 
products, regulation to improve market information: labelling. Or de-regulation 
of traditional rules, standards, ordinances, and laws hindering new technologies 
to penetrate into new markets may be needed; 

- avoid and eliminate subsidies for energy production, distribution and use, if 
technology is mature; harmonise taxation schemes but also technical standards 
and informational standards among the European countries in order to enlarge 
homogenous markets and benefit from resulting potentials of economies of 
scale; 

- try to internalise present and future externalities by economic mechanisms such 
as emission trading, taxes, or surcharges or by economic incentives such as re­
duced value added taxes or other tax deduction; 

- use socio-psychological drivers among the actors (e.g. energy tables reducing 
transaction cost and stimulating priority shifts in companies at the local and re­
gional level (Jochem et al., 2004b), television spots by popular stars inducing 
new shopping behaviour and value systems, etc., see Jochem et al., 2000). 
Finally, several methodological conclusions and recommendations seem to be 

useful given the present limitations of analytical and prospective methods and the 
risk of too narrow interpretation of their results. There is a need to increase efforts 
to link process-oriented and macro models in a dynamic way in order to simulate 
policy-induced technical progress which at present is more or less limited to price 
policies in macro-economic models. In addition, existing process-oriented models 
having rather deterministic characteristics need less deterministic structures (re­
flecting more behavioural options of the relevant actors). This extension may only 
be achievable by involving more socio-psychological research and concepts in or­
der to simulate behavioural and decision making aspects and the impact of 
changed policy design. 
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Abstract. European decisions in general, and in the energy field in particular, are 
often scientifically supported. Already before the formal "impact assessment", 
which has to accompany all the major policy initiatives launched by the European 
Commission since 2003, EU energy socio-economic research was used to develop 
tools and methods (models, software, database) able to evaluate scientifically the 
expected economic, social and environmental impacts of the proposed energy-
related policy. This paper deals with empirical examples highlighting the role of 
the researchers in supporting EU policies regarding C02-emission trading, energy 
taxation, renewable electricity targets and energy efficiency potential. 

1 Introduction 

Energy - like water and information technologies - is a vital element for the de­
velopment of modem societies. This is something which could be forgotten, espe­
cially as energy supply is relatively abundant and energy prices are relatively low. 
Energy is also a great source of wealth and an important sector of industrial activ­
ity on a global scale (oil) as well as on a regional scale (production and distribu­
tion of electricity and gas). Energy is not a simple consumer good. It comes with 
important challenges: security of energy supply, competitiveness, public service 
and protection of the environment (European Commission, 2000a). Furthermore, 
energy is in the heart of certain geopolitical tensions, of which the war in Iraq or 
the continuous tensions in the Middle-East are a demonstration. Energy, both by 
its production and its consumption, also causes "external costs", i.e. impacts on 
human health and the environment, which the energy market has not yet suffi­
ciently taken into account. 

^ The views presented in this paper do not necessarily reflect the European Commis­
sion official positions and the author alone assumes the responsibility for the con­
tents. D. Rossetti would like to thank Ms. Nina Kajander for her help in formatting 
and proof-reading this paper. 
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For all these reasons, and in a Sustainable Development perspective, it is im­
portant that industry and public authorities act in a harmonised manner in order to 
prepare the energy options for the future. In this context, energy market regulation 
needs to be scientifically supported. The Communication Towards a European Re­
search Area (ERA) (European Commission, 2000b) insists on "Developing the re­
search needed for political decisions..." and the Communication "Making a reality 
of the ERA" (European Commission, 2000c) explicitly mentions the "Support for 
policy making and European scientific reference system...". 

In the context of the European Union (EU), within the framework of the EU's 
various Research and Technological Development (RTD) Framework Pro­
grammes (FP), the energy socio-economic research assumes this role: Whether it 
is a renewable electricity target, an energy tax, a quantified objective to reduce 
greenhouse gases emissions, a voluntary agreement between public authorities and 
industries, a state aid exception for clean energies or a standard for energy effi­
ciency, an evaluation of the impacts of the adopted measure is requested by policy 
makers. Impact assessment - "which identifies the likely positive and negative 
impacts of proposed policy actions, enabling informed political judgements" 
(European Commission, 2002a) - becomes a rule for all Commission major initia­
tives from 2003. EU researchers should therefore develop the tools and method­
ologies, scientifically agreed and peer-reviewed, that are able to make such as­
sessments. 

2 EU Energy Socio-Economic Research 

In the various EU RTD Framework Programmes (FPl from 1984 to 1987, FP2 
from 1987 to 1991, FP3 from 1990 to 1994, FP4 from 1994 to 1998, FP5 from 
1998 to 2002 and FP6 from 2002 to 2006), together with "technological" research, 
which includes hundreds of projects per FP aiming at promoting new and clean 
energy and environment technologies, improving quality of life, boosting growth, 
competitiveness and employment, "socio-economic research" in the energy field 
provides the scientific basis for energy and environment-related policy formula­
tion, scenario-building and impact assessment. In particular, energy socio­
economic research concerns the: 
- development of tools and methods for energy strategy (modelling, forecasting 

and new paradigms for a low carbon energy sector; methods for the economic 
and environmental assessment of energy generation including externalities and 
security of supply; social acceptability, behavioural changes and international 
dimension related to sustainable energy RTD); 

- elaboration of scenarios for energy supply and demand technologies and their 
interaction, and the analysis of cost effectiveness (based on full life cycle costs) 
and efficiency of all energy sources; 

- analysis of social acceptability, behavioural changes and international dimen­
sion related to sustainable energy RTD. 
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The majority of the EU energy socio-economic research projects makes the 
links between energy and environment and addresses the issues of natural re­
sources, economic growth and social needs, including both market competition 
and environmental constraints, top-down and bottom-up approaches. Among the 
main topics covered by the EU energy socio-economic research, it is worthwhile 
mentioning the Energy, Economy and Environment models and the energy exter­
nal cost-related activities. The budget allocated to EU energy socio-economic re­
search is estimated at around € 3 million per year. It should be reminded that the 
budget of the FP represents about 4% of the European Community's budget and 
approximately 6% of the EU's public civilian research investment. 

In the FP6, a specific priority called "Scientific Support to Policies" (European 
Commission, 2002b), which includes the field of energy, has been launched. It has 
the objective to "underpin the formulation and implementation of Community 
policies, bearing on the interests of possible future members of the Union as well 
as the existing member states, and monitor their effects" (European Commission, 
2002c). Directly related to energy, it concerns the "Development of tools, indica­
tors and operational parameters for assessing sustainable transport and energy sys­
tems performance - economic, environmental and social" (European Commission, 
2003a). 

Some examples of models (energy bottom-up and macroeconomic) and tools 
(software and electronic database) developed by EU researchers in the various 
RTD FPs have been used in the EU's policy making process. This was particularly 
the case with the projects related to the energy and economic models (the so-
called PRIMES, POLES, HERMES, E3ME and GEM-E3) and to the software and 
electronic database (the so-called SAFIRE and MURE). 

3 Energy/Economic Models and Policy Applications 

3.1 Energy Models 

POLES and PRIMES (http://www.upmf-grenoble.fr/iepe/Recherche/Recha5.html 
and http://www.e3mlab.ntua.gr/manuals/PRJMsd.pdf), a world and European en­
ergy model developed from the beginning of the 1990s under the EU RTD FP, 
have been considered as part of the scientific references for the: 
- EU energy and transport projections up to 2030 (European Commission, 

2003b); 
- World Energy, Technology and Climate Policy Outlook - 2030 (European 

Commission, 2003 c); 
- Energy cooperation with the developing countries (European Commission, 

2002d); 
- Impacts of fuel taxation on technology in the Green Paper on energy security of 

supply (European Commission, 2000a); 
- Economic analysis of the effects of EU-wide emission trading in the Green Pa­

per on greenhouse gas emissions trading within the European Union (European 

http://www.upmf-grenoble.fr/iepe/Recherche/Recha5.html
http://www.e3mlab.ntua.gr/manuals/PRJMsd.pdf
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Commission, 2000d); this document will be followed by a proposal for a direc­
tive and then a directive establishing a scheme for greenhouse gas emission al­
lowance trading within the Community (European Commission, 2001a and 
1996). 

- Extended impact assessment on the "linking directive" (proposal for amending 
the directive establishing a scheme for greenhouse gas emission allowance trad­
ing) (European Commission, 2003d). 

Fig. 1. Example of modelling results (PRIMES) used in EU policy making: The case of the 
EU emission trading scheme - Cost of reaching Kyoto target in 2010 (European Commis­
sion, 2000d). 

3.2 Macroeconomic Models 

HERMES, GEM-E3 and E3ME, three macroeconomic models including an en­
ergy module, built and up-dated under the EU RTD FP, have provided the evalua­
tion of the impacts of the proposed EU energy taxation on economy, energy and 
environment (European Commission, 1997a). The above mentioned proposal for a 
directive suggested to increase the minimum levels of indirect taxes (other than 
VAT) on fossil fuels (e.g. from 287 to 417 ECU/1000 litres for unleaded petrol) 
and on electricity consumption (to 1 ECU/MWh). The models also provided in­
puts to the Conmiunity competitiveness questions and to the national preoccupa­
tions (GDP variation in the different Member States). 

The GEM-E3 computable general equilibrium model (http://gem-
e3.zew.de/geme3re£pdf) has also been used for illustrating the health related 
benefits of EU environmental policies (intemalisation of external costs) and it is 

http://gem-
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used to develop estimates of the macroeconomic impacts of improved air quality 
within the Clean Air for Europe programme (European Commission, 2001b). 

Table 1. Example of modelling results (HERMES, GEM-E3, E3ME) used in EU policy 
making: The case of the Community energy taxation - Comparison of model results con­
cerning Community energy taxation in 2005 (European Commission, 1997a). 

GDP 

Consumption price 

Employment 
EU15 

CO2 

HERMES 

+ 0.06% 

+ 0.04% 

+ 190,000 

- 1.6% 

GEM-E3 

+ 0.02% 

+ 0.08% 

+ 155,000 

- 1.47% 

E3ME 

+ 0.20% 

- 0.08% 

+ 457,000 

- 0.50% 

This table shows that the incidence of the proposed energy taxation is relatively 
limited and positive: an increase from 0.02% to 0.2% of GDP corresponding to 
ECU 1.6 to 16 billion from that time. A conclusion on the impact on inflation 
from the proposed measure cannot be made as one model expects a reduction and 
the two others a small increase. The effects on employment is limited but positive 
and the C02-emissions should be reduced in comparison to the reference case. 

4 Software/Electronic Database and EU Policy Applications 

4.1 Renewable Software Tool 

SAFIRE, a computer based framework (http://www.esd.co.uk) developed under 
the EU research activities at the beginning of the 1990s, has provided the main 
quantified basis for setting EU and national targets for electricity from renewable 
energy sources. The objective is to double - from 6 to 12% - the share of renew-
ables in the gross inland energy consumption by 2010, and to increase from 14% 
to 22% the electricity produced from renewable energy sources by 2010. These 
assessments were used in the: 
- White Paper on renewable sources of energy based on the TERES II study (Eu­

ropean Commission, 1997b); 
- Proposal for a directive on the promotion of electricity from renewable energy 

sources (European Commission, 2000e); 
- Directive on the promotion of electricity produced from renewable energy 

sources in the internal electricity market (European Commission, 2001c). 

http://www.esd.co.uk
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In addition to setting targets for renewable electricity, the directive allows the 
coexistence of various different national support schemes, expects that Member 
States ensure the guarantee of origin of electricity produced from renewable en­
ergy sources, reduce the administrative procedures and take the necessary meas­
ures to ensure the transmission and distribution of electricity produced from re­
newable energy sources. 

Table 2. Example of software results (SAFIRE for the 2010 figure) used in EU policy 
making: The case of EU and Member States renewable electricity targets (European 
Commission, 2000e). 

Austria 
Belgium 
Denmark 
Finland 
France 
Germany 
Greece 
Ireland 
Italy 
Luxembourg 
Netherlands 
Portugal 
Spain 
Sweden 
UK 

European 
Union 

RES-E % 
1997 
72.7 

1.1 
8.7 

24.7 
15.0 
4.5 
8.6 
3.6 

16.0 
2.1 
3.5 

38.5 
19.9 
49.1 

1.7 

13.9% 

RES-E % 
2010 
78.1 
6.0 

29.0 
35.0 
21.0 
12.5 
20.1 
13.2 
25.0 

5.7 
12.0 
45.6 
29.4 
60.0 
10.0 

22.1 % 

RES-E % 1997 
without large 

hydro 
10.7 
0.9 
8.7 

10.4 
2.2 
2.4 
0.4 
1.1 
4.5 
2.1 
3.5 
4.8 
3.6 
5.1 
0.9 

3.2 % 

RES-E % 2010 
without large 

hydro 
21.1 

5.8 
29.0 
21.7 

8.9 
10.3 
14.5 
11.7 
14.9 
5.7 

12.0 
21.5 
17.5 
15.7 
9.3 

12.5 % 

RES-E means electricity coming from renewable energy. 
This table provides the figures of "green electricity", in percentage, in 1997 and 

the indicative targets for 2010. It also gives the renewable electricity figure "with­
out large hydro", i.e. installations of more than 20 MW. The percentage for the EU 
is coming from the average renewable TWh consumed. 

4.2 Electronic Database 

MURE is an electronic database (http://www.isis-it.com/mure/), developed origi­
nally by European researchers and updated by energy specialists, which provides 
information on energy conservation measures that have been carried out in the EU 
Member States. 

MURE has provided the basis for the figure firstly included in the energy effi­
ciency communication (European Commission, 1998); secondly, in the action plan 
to improve energy efficiency in the European Community (European Commission, 

http://www.isis-it.com/mure/
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2000f); and thirdly, in the proposal for a directive on the energy performance of 
buildings (European Commission, 200Id). The potential for energy efficiency has 
been estimated by MURE to be over 18% of the present energy consumption. 

Finally, considering that household and tertiary sector (160 million buildings in 
the EU-15) are responsible for approximately 40% of the final energy demand 
(heating represents 70% of domestic energy consumption and 50% of commercial 
energy consumption) in the EU and that this sector has the highest potential, a Di­
rective on energy performance of buildings has been adopted in 2003 (European 
Commission, 2003d). It deals with the integrated energy performance standards, 
application of these standards to new buildings and to certain existing buildings 
when they are renovated, certification schemes and specific inspection and as­
sessment of boilers and heating/cooling installations. 

Table 3. Example of electronic database results (MURE for the 2010 figure) used in EU 
policy making: The case of available economic energy efficiency potential in the EU (Euro­
pean Commission, 1998). 

Sector Final energy consumption, Available potential to 
1995 (Mtoe) 2010, percentage of 1995 

consumption 

Industry 

Transport 

jstic and tertiary 

Total 

268 

270 

358 

896 

17% 

14% 

22% 

18% 

5 Conclusions 

All the tools presented in this paper (PRIMES, POLES, HERMES, E3ME, GEM-
E3, SAFIRE and MURE) and used to support various EU energy-related policies 
have been originally elaborated by researchers under various EU RTD Framework 
Programmes. 

As far as the relation between the research work - accomplished by energy so-
cio-economist researchers - and the policy applications is concerned, it is worth 
mentioning the following points: 
- Specificity of energy: Before the current formal Commission "impact assess­

ment" for all major policies (European Commission, 2002a), as demonstrated 
by the various examples in this paper, energy initiatives were akeady evaluated 
a priori (economic, energy and environmental impacts); this is probably due to 
the tradition of systematic analysis, quantification work and foresight activities 
in the energy field. 
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- Researchers' influence on the EU policy making: The tools (models, software, 
databases) developed by the socio-economic scientists play a key role in fixing 
targets (for renewables or energy efficiency) and in justifying policies (emis­
sion trading or taxation). 

- Reference to the research work: In the EU legislative iter (generally a Commis­
sion communication, followed by a proposal for a directive and finally a direc­
tive), the reference to the scientific support is indicated in the first preparatory 
documents or in the accompanying information such as the Commission staff 
working document, but not as such in the final legally binding legislative act 
(directive). 

- Timing period: Between five and ten years are generally needed between the 
starting of the research work (model development, data search, geographical 
coverage, etc.) and the policy applications (which take into account the scien­
tific publications, the peer-review, the stakeholder validation, etc.). For exam­
ple, HERMES was originally developed in 1989, MURE in 1991, PRIMES, 
SAFIRE, E3ME and POLES in 1992). 
Energy has now a section in the EU Constitutional Treaty adopted in Brussels 

by the Heads of State and Governments (18 June 2004). The Union policy on en­
ergy shall aim to ensure the functioning of the energy market, ensure security of 
energy supply in the EU and promote energy efficiency and saving and the devel­
opment of new and renewable forms of energy. It is most probable that the new 
EU energy-related initiatives will be more and more fi*equent in the future and that 
they will need to be assessed in-depth scientifically and quantitatively (European 
Commission, 2002e). 

Researchers should therefore be prepared to elaborate new tools that are able to 
catch the increasing complexity of the world ("knowledge stock", geopolitical 
risks, human behaviour patterns, etc.), the very-long term problems (resource de­
pletion, climate change, radioactive waste management, etc.) and the specific links 
between economy, energy, and environment (security of supply, externalities of 
energy, ecosystem damages, etc.). 
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Abstract. In the past there was hardly any use of economic theory and instruments 
in environmental policy, mainly command and control measures dominated. More 
recently, ecological taxes became increasingly popular and have been proposed 
but not implemented with an ecological effect. Thus, the situation has not 
changed, and we must ask for the reasons of this situation and the prevailing non-
acceptance of these instruments. The purpose of this paper is to give some answers 
on these questions using the Public Choice approach. The proposition of an eco­
logical tax reform and road pricing measures are taken to discuss how actual envi­
ronmental policy deviates from economic prescriptions. 

1 Introduction 

Today we are still far away from general acceptance and widespread policy appli­
cation of market-based environmental instruments, and the situation has also not 
changed with respect to a successfiil environmental policy advice by economists. 
Hence, we should ask what are the reasons for this development and how a wider 
acceptance of policy advice by economists could be achieved. The purpose of this 
paper is to give some answers to these questions. To do so, we first present the 
main ideas of the Public Choice approach (Section 2). In Section 3 we discuss a 
recent suggestion of an ecological tax reform and its failure. In Section 4 pricing 
instruments in the transport sector are analysed with respect to their incentive 
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mechanism and political chances to be implemented. Section 5 concludes with a 
summary and outlook. 

2 The Public Choice Approach to Environmental Policy* 

The usual way to proceed in the papers which follow the Public Choice approach 
is to single out the different (groups of) actors which are engaged in environ­
mental policy making and to ask for their interests in the application of the differ­
ent instruments which could be applied. Following Frey (1992: 133-140), typi­
cally, four groups of actors are considered: (i) the voters, (ii) the politicians, (iii) 
the public bureaucrats, and (iv) the 'economy', i.e. the owners, managers and em­
ployees of the industries which are to be regulated and their interest groups. In the 
following, we will give a short characterisation of the main interests of these four 
groups of actors in environmental policy. 

2.1 The Voters 

Over the last three decades, the sensitivity of voters with respect to environmental 
issues has certainly increased.^ Thus, the approval of voters for ecologically sus­
tainable policies should become more and more probable. However, it should be 
taken into account that ecological objectives 'compete' with other interests, espe­
cially with 'pure' economic objectives of the voters. 

Assuming that the improvement of the environmental quality is a national (or, 
as in the case of the reduction of C02-emissions, even an international) public 
good, the most relevant question regarding the behaviour of voters is: Who will 
pay the costs? If the price elasticity of demand is low and/or if the supply elastic­
ity is infinitely elastic, as in the case of mineral oil prices in small countries, where 
the consumer price of these products is determined by the prices on the interna­
tional spot markets, the consumers have to bear the costs. This implies that the 
majority of voters directly pay for such a policy. But if price elasticity is high, 
only a small part of the burden of an environmental measure which increases the 
production costs of a good can be passed to the consumers. Thus, the producers, 
shareholders, managers as well as workers of these firms, have to bear the costs. 
Consequently, the resistance to environmental programs might be higher in re­
gions with a high share of producer interests which oppose such a policy, because 
a higher burden can lead to reduced profits, wages and employment in these re­
gions. 

^ Elements of this chapter are taken from Kirchgassner and Schneider (2003) and 
Schneider and Volkert (1999). 

2 See, e.g., the results of the IMAS-surveys for Austria (IMAS, 1995, 1996) or the re­
sults for Germany presented in Horbach (1992). 
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In Germany, empirical evidence for such a trade-off between the reduction of 
unemployment and ecological objectives was found. Horbach (1992) shows that in 
regions with a high unemployment rate the Green Party receives fewer votes in 
elections than in other regions. Moreover, he also shows that the more important 
the chemical and steel industries are in a certain region, the worse the election 
chances are for this party, because its ecologically oriented economic policy pro­
gramme might weaken the position of these industries. Thus, citizens voting out of 
self-interest might be an obstacle for the approval of any kind of environmental 
policy. This implies that too little might be done, especially in those regions where 
environmental policy is needed most. 

New arguments have emerged in the recent international discussion of the dou­
ble dividend. The implementation of incentive-oriented environmental tax policies 
need not be accompanied by an increase, but by a shift in the tax burden. In such a 
case there is no immediate trade-off between fighting unemployment and enforc­
ing stricter environmental policies. On the contrary, many simulations show that it 
might even be possible to have a small gain in employment.^ As a study of the 
OECD (1997) shows a large number of winners among different economic sectors 
and firms might be generated, but with only small gains. On the other hand, there 
would be a few distinct losers among the firms whose economic position could de­
teriorate quite substantially. Thus, at first sight, politicians might be expected to 
enact such a tax alternative in response to the preferences of the majority of voters 
instead of caring for the minority of losers. However, as Public Choice theory tells 
us, "... a small concentrated identifiable, and intensely interested pressure group 
may exert more influence on political choice making than the much larger major­
ity of persons, each of whom might expect to secure benefits in the second order 
of smalls ..."'̂ . Thus, even if a double dividend allows to fight unemployment by 
enforcing stricter environmental policies in the economy as a whole there still can 
exist a political trade-off between fighting of unemployment in small, intensely in­
terested, and highly influential pressure groups of potential losers and an incen­
tive-based environmental policy. 

However, the case of a double dividend where employment is rising with a 
stricter environmental policy is an exception in environmental policy making, 
which to a large extent depends on the existence of involuntary unemployment.^ In 
most situations there is a trade-off between the production of better environmental 
quality and the production of consumer goods, i.e. the voters have to make a 
choice between better environmental quality and higher real income. In such situa­
tions, the decision of voters depends on the information of the citizens about the 
consequences of environmental problems, the lag between the time when the pol­
icy measure is taken and the time when the environmental situation is improved, 
and the discount rate of voters. Especially with respect to measures which are 

See, e.g., the review of such studies in Kirchgassner (1998, 1999) or Schneider (1998) 
with results for Austria, Kirchgassner, Miiller, and Savioz (1998) with results for 
Switzerland or Scholz (2000) and Bach et al. (2001) with results for Germany. 
Buchanan and Tullock (1975: 142). 
See, the corresponding simulation results in Kirchgassner, Miiller, and Savioz (1998). 
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mainly to the benefit of fiiture generations, self-interested individuals would gen­
erally not be willing to bear high costs. This is one of the main obstacles against 
efficient C02-reduction policies. But similar conditions hold in other areas of en­
vironmental policy making as well. Consequently, it can be expected that in many 
cases voters care more about the economic short-term development than about the 
environmental situation. This might delay or even prevent the approval of ecologi­
cally-oriented politics by the majority of voters. Even if a citizen is to some extent 
altruistic, well educated and informed it is not obvious that she/he as a 'rational' 
(even long-term oriented) voter will support ecologically oriented economic poli­
cies in elections or referenda.^ 

2.2 The Politicians 

Politicians can be assumed to pursue a certain policy if - given that they achieve 
their objective - it is supported by a majority of voters, under the qualification that 
there is no considerable resistance either from the bureaucracy or from the interest 
groups. Insofar, if voters accept or even demand an undersupply of environmental 
policies, a government which wants to maximise its re-election probability gets no 
incentive from the voters to provide a better environmental quality. 

However, even a democratic government is hardly ever only seeking re­
election. According to the partisan hypothesis first developed by Hibbs (1977; see 
also 1992) and incorporated into the politico-economic models of Frey and 
Schneider (1978a, 1978b, 1979) re-election is more of a constraint which the gov­
ernment has to respect than an objective in itself Thus, if a coalition government 
includes a 'green' party and/or if the dominating party of the government has a 
clientele which has an especially strong environmental orientation a government 
might provide a stronger environmental policy than it is demanded by the voters 
altogether (the median voter) as long as this does not endanger its re-election 
prospects. On the other hand, if the clientele of the government is more economi­
cally oriented it will hardly accept that the output of consumer goods is reduced in 
order to improve environmental quality. Thus, there might be a less strict envi­
ronmental policy than it is demanded by the median voter. 

Even if the level of environmental activities is (on the average) too low, the 
question again arises whether the remaining policies in this field are carried out in 
an efficient way. Again, if there is no pressure by the voters but if they are, in­
stead, in favour of more visible but less efficient policies, it cannot be expected 
that there are pressures on the government from the side of the voters to pursue an 
efficient environmental policy. Thus, the use of bureaucratic instruments might be 
more in the interest of politicians than the use of economic instruments. However, 
there are two qualifications to be made. First, because the government should be 
better informed than the average voter, it should take into account that the higher 
efficiency of an environmental policy which uses economic instruments allows to 

The role of altruistic/moral behaviour in such decisions is discussed in Kirchgassner 
(2000). 
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use resources for other purposes and - on this way - to satisfy more of the de­
mands of the own clientele and/or to improve the re-election prospects. For this 
reason, the government should - ceteris paribus - be more in favour of applying 
economic instruments than the average voter. 

Second, environmental taxes might have a special attraction for governments 
because they create revenue which can be used to cut other taxes and/or to finance 
additional projects. This can be advantageous for the government if the tax resis­
tance against 'green taxes' can be expected to be lower than against other taxes. 
This holds especially if the clientele of the government is more environmentally 
oriented than the average voter. ̂  On the other hand, as the opposition will try to 
use its chance and to make strong opposition against introducing or raising such 
visible taxes the leeway of a government to pursue such a policy is limited. 

It is, moreover, possible to present environmental taxes as acceptable measures 
to the voters, if these taxes are characterised as 'punishment' for polluting the en­
vironment and if they are applied mainly to industrial polluters. Politically, it 
might be more difficult to sell the creation of a market for tradable permits to the 
voters because these can be considered as 'licences to pollute the environment' 
which - from a moral point of view - might be seen as morally unsound by those 
people who are especially strongly engaged for the natural environment.^ More­
over, at least as long as grandfathering is used as the method for the original dis­
tribution of the emission rights, the government is much less interested in using 
tradable permits than in using ecological taxes. 

Taking all these arguments together, the interests of the government might on 
the average lead to a less than optimal level of environmental policy, but - as with 
the voters - they can hardly be the reason why the use of market oriented envi­
ronmental instruments was on such a low level in the past. Therefore, those who 
really oppose such a policy must be the public bureaucracy and/or private busi­
ness, i.e. the regulated industries and their interest groups. 

2.3 The Regulated Industries and Their Interest Groups 

Officially, representatives of the industries which are to be regulated by environ­
mental policy are much in favour of economic theory and hence the use of eco­
nomic instruments. However, whenever the application of such instruments is dis­
cussed, they are at least very hesitant and in most cases in strong opposition to 
such a policy. If, e.g., ecological taxes are discussed, they argue against it and in­
stead favour voluntary agreements which are just the opposite of an economic in­
strument of environmental policy, command and control policies or - at the most -

Acknowledging this, several opponents against the introduction of environmental 
taxes do not really argue against the use of environmental taxes per see but they are 
anxious that, given the less severe tax resistance, the government might be successful 
in increasing the total tax load. See, e.g., Zimmermann (1996). 
For a discussion of ethical aspects of international emissions trading see Ott and 
Sachs (2000). 



262 F. Schneider, H. Weck-Hannemann 

tradable permits.^ For the latter, however, they demand grandfathering of the 
original distribution of the emission rights. Thus, if there are any economic in­
struments used at all, besides subsidies which are not discussed here, they prefer 
tradable permits which are distributed by grandfathering. In any case, they prefer a 
policy of command and control to a policy applying ecological taxes. 

But why should the polluters, especially the industrial polluters, oppose the use 
of economic theory and of market oriented environmental policy instruments? Af­
ter all, using these instruments the same ecological impact could be reached 'more 
cheaply' i.e. at lower costs, which finally should be in the interest of the relevant 
industrial sectors as well. It is obvious that the profit interest of any single pro­
ducer which has a relevant amount of emissions is against any environmental 
regulation because it reduces its expected profits. But why is there a quite special 
opposition against economic measures of environmental policy? 

The two main reasons for this opposition are probably the high efficiency of 
such a policy and distributional aspects. 
- At the level of the economy as a whole, the high efficiency of economic in­

struments means that the aspired ecological objectives can be reached with mi­
nimal (social) costs. For the single firm, however, the situation is quite differ­
ent. As long as a policy of command and control is pursued, it has a (sometimes 
considerable) leeway for negotiations with its environmental protection agency. 
In these negotiations it has an informational advantage; it knows the processes 
and the potential costs if the emissions have to be reduced by a certain amount, 
and it can threat with a reduction of employment or even with the displacement 
of the firm if the regulations are too strict. On the other hand, if environmental 
taxes are used, the firm can pollute as much as it wants, but it has to pay for it. 
Reductions of a tariff which has been fixed in the parliament and written into a 
law are much more difficult to negotiate than the extent of a regulation which is 
necessarily - more or less - individual for each firm. Thus, it can be expected 
that the regulation will - on the average - be less strict with a command and 
control policy than if economic instruments of environmental policy are used. 

- There are also, however, important distributional consequences. Let us assume 
that the firm uses the same technology and has the same emission in both re­
gimes, under a command and control and under an economically oriented envi­
ronmental policy. Thus, at the margin everything is the same, the same technol­
ogy, the same marginal costs, and the same prices of the goods produced. 
Moreover, the costs for reducing the emissions are the same. Infi-amarginally 
however, if taxes or tradable permits are used the firm has to pay for its (re­
maining) emissions while under a policy of command and control it gets it fi'ee. 
Thus to the extent of the legal emissions it gets an additional rent.̂ ^ If wages 
are given, this rent can be appropriated by the owners. However, the employees 
(and/or their organisations, the trade unions) will realise that there is a possibil­
ity for a wage increase; they will demand their share of this rent. On the other 

See Horbach (1992) who shows that two thirds of the German companies favour 
standards whereas only one third favours levies and taxes. 
This argument has first been put forward by Buchanan and Tullock (1975). 
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hand, if taxes are used (and the revenue is used to cut other taxes, e.g.,) the 
general pubhc benefits. Thus, shareholders (employers) as well as employees 
have an own interest to prevent the use of economic instruments. 
A similar argument holds if we compare grandfathering with auctioning trad­

able permits. If there is competition, at the margin both systems lead to the same 
condition. That implies that the prices for the goods produced will be the same. If 
the permits are auctioned, there is additional revenue for the government which 
can be used to cut other taxes and which - in this way - may be to the benefit of 
the general public. If grandfathering is used, however, as, e.g., in the case of the 
sulphur dioxide allowance-trading program in the United States, ̂ ^ the existing 
firms get an additional rent. Moreover, they get a competitive advantage against 
newcomers in the market who do not get this rent because they have to pay for all 
the permits they need: Grandfathering of pollution rights creates a barrier to entry 
against new firms. Thus, it is no surprise that the existing companies as well as 
their interest groups favour the grandfathering of tradable permits. ̂ ^ 

Given this situation and the at least partial conformity of employer and em­
ployees interest it is no surprise that the industries which are to be regulated gen­
erally oppose the use of economic environmental instruments, especially of eco­
logical taxes.̂ ^ Moreover, their organisations are well organised and they are 
important players in the political game. There are five main reasons why these in­
terest groups are not only better organised than environmental interest groups but 
also better able to achieve their self-interested goals: 
- In contrast to environmental interest groups, the respective industry and busi­

ness associations usually have sufficient financial backing which is used for ef­
ficient lobbying. 

- Producers themselves are closest to the origins of environmental problems in 
the production sector. This is the reason for substantial information asymme­
tries. Therefore, 'green' groups often have difficulties in getting information 
about pollution effects as well as about the feasibility of alternative technolo­
gies. 

- Based on this information asymmetry, industry and business associations often 
have considerable influence on public opinion through their publications as 
well as through their impact on the media. 

- The 'market power' of these interest groups is a crucial factor in the achieve­
ment of their objectives in the political arena. It is not only important in the 

12 

13 

See Joskow, Schmalensee, and Bailey (1998: 671): "Allowances are given to existing 
electric generation units and those under construction, according to fairly complicated 
rules .... For our purposes here it suffices to note that essentially all of the allowances 
were allocated 'free' to incumbent sources." A more detailed description if the initial al­
location is given in Joskow and Schmalensee (1998). 
See for this also Svendsen (1999). 
There seems to have been some change of the opinion in the United States. According 
to Svendsen (1999), private business interest groups are today more in favour of a 
grandfathered permit market, and no longer so much in favour of a command and 
control policy, but they still reject a tax policy. 
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goods and services markets but in the labour market as well, especially in the 
form of the threat of transferring production abroad. 

- Quite often these associations gain personal representation in legislative institu­
tions, in the parliament and its committees, which makes it possible to postpone 
or even reject environmental issues. 
Taken together, representatives of industrial and business interest groups are 

able to influence legislative proposals in their early stages through active lobbying 
in hearings and in parliamentary committees. For that purpose, they provide de­
tailed information about environmental measures. This has the effect of linking 
together lobbyists and members of the legislative bodies. As a result of this rela­
tionship, arrangements are made between the political administrative system and 
'private' interest groups representing business interests. In Germany, such agree­
ments have become common practise in more than 50 industrial committees and 
'voluntary self-obligations' as well as in several hundred committees for the defi­
nition of the 'best available technology'. ̂ "̂  

Compared to their counterparts of business and the economy, environmentally 
oriented interest groups are in a weak position. They have the possibility of organ­
ising spectacular actions, a strategy which is often used by Greenpeace which 
might be the best known of these groups. In doing so, in special situations they 
can have a strong impact on public opinion, influence private consumption and in 
this way influence the policy of single companies,^^ they might also have some 
impact on the decisions of voters, but they rarely have the same direct impact on 
the parliamentary system and the public bureaucracy economic interest groups 
have. Moreover, until the eighties the green interest groups were themselves in fa­
vour of command and control measures in environmental policy and against the 
use of economic instruments. Their main argument was that the natural environ­
ment should not be 'commercialised'. Against the combined pressure of economic 
and environmental interest groups, however, an efficient environmental policy us­
ing economic instruments had no chance at all. 

2.4 The Public Bureaucracy 

Already a cursory view at the available evidence tells us that - at least in Europe -
many members of the public environmental bureaucracy are in strong opposition 
against using economic theory and the application of market-based instruments of 
environmental policy. They rather prefer the use of command and control. In most 
cases they favour, of course, policies which improve the situation of the natural 
environment; most members of the 'green bureaucracies' are highly motivated to 

14 

15 
See Maier-Rigaud (1996) or Helbig and Volkert (1999). 
The best known case is that in 1995 Greenpeace succeeded in preventing Shell from 
sinking the oil platform Brent Spar into the North See. See for this Huxham and 
Sumner (1999). 
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pursue this goal.̂ ^ However, they do not necessarily favour efficient policies. 
More important for them is that a policy strengthens their personal position in the 
environmental policy game. 

The empirical studies by Holzinger (1987) demonstrate that German environ­
mental administrations have at least some leeway to follow their own interests, 
whereas objectives such as 'economic efficiency' or 'overall economic cost opti­
misation' are only of minor importance for them. They are vitally interested in en­
vironmental policy measures which are labour- and resource-intensive. As a result 
- and in accordance with the economic theory of bureaucracy as originally devel­
oped by Niskanen (1968, 1971) - they are able to increase their number of em­
ployees, and each year to have a larger budget at their disposal. The result of this 
is that the environmental administrations will try to implement those environ­
mental policy measures which require high administrative controls. To increase 
their leeway they want the political authorities to regulate as little as possible so 
that they have the greatest possible leeway (and budget) for their own decisions.̂ "^ 
Discretionary budgets are also necessary in order to meet the demands of those 
lobbies for which the different environmental sections of German ministries have 
become even more important than the parliament with its committees. 

Economic instruments and especially environmental taxes are much less attrac­
tive for the public bureaucracy. While command and control policies can only ex­
ist with high labour costs and other expenditures, the use of taxes requires much 
less expenditure and less staff. Hence, a budget increase or a rise in the importance 
of environmental authorities is less likely than with the use of standards. Further­
more, a change from the current system of environmental standards to a system of 
taxes would require a high degree of flexibility in the environmental agencies. 

Using taxes or tradable permits would of course reduce the information re­
quirements of the public environmental bureaucracy considerably. Detailed infor­
mation is only necessary for the tolerable total burden, for the 'correct' total emis­
sion amount derived from it, and - in the case of taxes - on the reactions of the 
industries to the taxes, which can be obtained in a kind of trial-and-error procedure 
by a gradual increase of the tax rate over a longer time span, but no detailed in­
formation about the prevention costs of different producers is needed, which is 
difficult to acquire. Thus, the efficiency of the bureaucracy could be increased 
considerably. But this is not necessarily also in the interest of the members of the 
bureaucracy, as the lower information requirements make it rather difficult to jus­
tify a large budget and a large staff. 

Taking all arguments together, the industries which are to be regulated and the 
members of the environmental bureaucracy are the ones who are most in favour of 
command and control policies, and both have a strong impact on the design of the 
actual policy. Thus, it comes to no surprise that economic instruments like envi­
ronmental taxes or tradable permits were hardly used up to now. On the other 
hand, with respect to the extent of the environmental program the interest of these 

For a model which employs this assumption to explain the results of international 
climate protection policy see Congleton (1995). 
See the results of the surveys described in Gawel (1994a, 1994b, 1995). 
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two groups of actors are quite opposite: While the bureaucrats favour a strict, most 
industries strive for a rather soft environmental policy. Thus, whether a policy is 
really strict or not depends mainly on the preferences of the voters (and of the cli­
entele of the party (parties) in government). Taking into account the discounting 
behaviour of voters, the policy might be strict in those areas which today have a 
direct, noticeable impact on today's voters, but rather loose in those areas which 
would mainly benefit fixture generations. And this is exactly what we observe. 
There have been, e.g., considerable improvements in the water quality of our lakes 
and rivers, but up to today there is hardly any effective policy to prevent or even 
slow down global warming. 

3 The Ecological Tax Reforms 

3.1 General Remarks 

The main theoretical as well as empirical argument in favour of an ecological tax 
reform is the hope for a double dividend: If taxes which cause distortions in one 
sector of the economy are reduced and at the same time taxes which reduce distor­
tions in another sector of the economy are introduced instead, the efficiency of the 
whole economy should improve and - as a consequence - unemployment should 
be reduced. This idea, originally proposed by Binswanger et al. (1983) and 
strongly supported by Pearce (1991) could play a key role in reducing CO2-
emissions by the introduction of a general energy and/or CO2 tax and - in this way 
- fighting global warming. In the last decade, it has become more and more popu­
lar in Europe, but not so much because of its environmental consequences but 
mainly because it seems to be an ideal method to solve the problems of many 
European labour markets without, e.g., having to introduce more flexibility into 
these markets. This belief is quite widespread despite the fact that the scientific 
discussion starting with Bovenberg and De Mooij (1994) has shown that with such 
a reform an increase of employment while not impossible is difficult to reach, and 
that it might improve the labour market situation somewhat, but not really solve 
the unemployment problem. ̂ ^ Thus, in many countries not only green but also 
other left-wing parties are today in favour of such a policy, and it is also supported 
by trade unions. This is insofar no surprise as there is quite a lot of evidence that 
left-wing parties are more active in fighting unemployment compared with right-
wing parties which are more concerned about inflation. ̂ ^ Thus, the main interest in 

See, e.g., the surveys in Goulder (1995), Kirchgassner (1998), and Bovenberg (1999). 
This is, of course, no argument against such a reform which still can make much 
sense; it is an argument against expectations of some of its proponents which are too 
high and which - with high probability - will prove to be wrong. 
See, e.g., Hibbs (1977, 1992) as well as the politico-economic models of Frey and 
Schneider (1978a, 1978b, 1979) and the survey about political business cycles by Pal-
dam (1997). 
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pursuing such a policy by left-wing (or green) parties is in many cases not a con­
cern about the situation of the natural environment but about the labour market, 
even if the expectation is that it will help the environment more than the labour 
market: Such governments might help the environment 'for the wrong reason'. 

On the other hand, as already mentioned above, environmental taxes have a 
special attraction for left-wing parties which traditionally aim for a higher gov­
ernment (tax) share because these taxes create revenue, which can be used to fi­
nance other projects, and the tax resistance against 'green taxes' might be lower 
than against other taxes.^^ This is important in a situation where the current social 
security system and its financing is not at all sustainable and - besides structural 
changes - new sources have to be found to finance it. Again, such governments 
might help the environment 'for the wrong reason'. 

Thus, while these ecological tax reforms might be seen as a step in the right di­
rection, taking into accoimt the motives of the politicians in enforcing such a re­
form one has to conclude that this new development is far away from indicating a 
change in the general perception about the relative merits of command and control 
versus economic instruments of environmental policy and of the political accep­
tance of the latter. We still have the situation that - in principle - nearly every­
body supports the use of incentive orientated economic instruments for ecological 
reasons, but when it comes to their application there is strong resistance by impor­
tant political actors. At best, they will be introduced for other (non-environmental) 
reasons and/or in a way which is not very helpful for the environment. But, on the 
other hand, it is a step in this direction and one might hope that over time citizens 
become more familiar with such instruments and their advantages which might -
in the long run - increase their acceptance in the electorate. 

3.2 Example: An Ecological Tax Reform Suggested in 2003 and Its Failure 

In order to strengthen our argument of the small effect and influence of econo­
mists using their theory in environmental politics we would like to give a concrete 
example. For Austria, an ecological tax reform has been suggested in 2003 which, 
in principal, should have a chance to be implemented but most probably will not 
due to public choice reasons. The key elements of such an ecological tax reform -
having been developed in a study by Schneider and Proidl (2003) - are the foUow-
ing^i: 
1. In order to reduce C02-emissions, taxes on non-renewable energy sources are 

introduced in such a way that there is a positive ecological effect, i.e. a signifi­
cant reduction of C02-emissions should occur. 

For the discussion of this argument see, e.g., Zimmermann (1996) or Schneider 
(1997, 1998). 
This study contains first a lot of information about ecological taxation in small open 
countries which can be compared to Austria. Then in the study a detailed suggestion 
and model of an ecological tax reform is presented. 
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2. All revenues from this tax are immediately spent in a revenue neutral way. One 
part of this additional revenue is used for the subsidisation of renewable energy 
investments, another part is spent to reduce the burden of taxes and social secu­
rity payments on labour income, and a third part is used for subsidising middle 
and lower income households in order to partly compensate for the increased 
spending on gasoline and other energy sources. 

3. This means that there are no additional tax revenues for the minister of finance 
but every cent of this new revenue is spent in the economy, or redistributed to 
the households. 

4. For planning this ecological tax reform, a long time horizon is considered: The 
fossil energy tax starts with a value of 0.44 cent/kwh in the year 2004 and 
would end in 2013 with a value of 1.45 cent/kwh, i.e. a yearly increase of about 
0.11 cent/kwh with a final rate of 1.45 cent/kwh in the year 10. 

5. It is estimated that in total, i.e. aggregated over the 10 years, additional tax re­
venues of 31bn EUR would be achieved and the ecological steering effect 
would be a 10% reduction of fossil energy use. As aheady argued, the aggre­
gated sum of 31bn EUR would be spent for different purposes: It would be 
used for subsidising investments for renewable energy sources up to an amount 
of 6.7bn EUR so that the use of renewable energy sources would increase by 
5%. Another 10.9bn EUR would be used to reduce the burden of the direct in­
come tax of low and middle income earners so that they would be almost fiilly 
compensated. The final amount (13.4bn EUR) would be dedicated to reduce the 
tax and social security burden on labour income, from which all labour inten­
sive enterprises will profit most. This would mean that almost all enterprises 
would make a net-profit because the burden of taxes and social security pay­
ments per year on labour income would be reduced by 3.69% per year (over the 
10 years) so that the overall production costs will not increase with the excep­
tion of only a few energy intensive enterprises. 

6. If one undertakes a dynamic simulation with the help of a macro-econometric 
model estimated for Austria one can demonstrate that if such a tax reform 
would be implemented an additional increase of 2.3% of the GNP over these 10 
years would result and employment would rise by about 0.5%. 
Hence, one can clearly demonstrate that with such an ecological tax reform two 

major political concerns could be avoided. First, every increase of indirect taxa­
tion is disadvantageous for low and middle income earners because they are net 
losers. Thus, without compensation politicians realistically will have no chance to 
realise it. This has been avoided in the proposal of Schneider and Proidl (2003). 
According to their type of compensation most low and middle income people 
would even win and have somewhat more money, only those who have a long 
way from home to work (if they drive more then 40.000 km per year) could not be 
frilly compensated. Second, industry quite often claims that due to increased en­
ergy costs, they will shift production out of the country. This threat can not be put 
forward because the compensation in reducing tax and social security burden on 
labour income is by far bigger for most industries so that they will also make a net 
profit. In addition, the overall economic development is slightly positive. Due to 
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additional investments in renewable energy sources, even a small positive increase 
of gross national product and of employment is to be expected. 

According to this design the ecological tax reform as suggested by Schneider 
and Proidl (2003) should have chances to be realised as the main reservations are 
overcome from a politico-economic perspective. However, the latest suggestions 
of a tax reform by the Austrian government actually intend lower direct and cor­
porate tax rates in a very traditional way without any ecological effect. It seems 
that the opportunity to implement an ecological tax reform which would be politi­
cally attractive will be missed once again. Whether the political benefit of an eco­
logical tax reform has so far not been realised or the political benefit of a tradi­
tional tax reform lowering income taxes and corporate taxes can be better sold in 
the political arena/market has to be left open at this time. 

4 Pricing Road Use: Politico-Economic Considerations 

With respect to the negative externalities associated with private transportation -
either congestion in urban areas or environmental damages more generally -
economists have extensively explored the role that economic incentives might 
play in bringing about a more efficient allocation of road space and natural re­
sources. The idea that road users should be charged their marginal external costs is 
a widely accepted principle in the economic as well as in the transportation litera-
ture.22 

However, while analysts see road pricing as an attractive policy tool, most at­
tempts to introduce economic incentives of this type in the transport sector have 
failed. These failures may partly be due to the technical difficulties of introducing 
the appropriate price incentives but more importantly, politico-economic reason­
ing suggests that road pricing is rarely adopted because the public does not sup­
port these policy measures.^^ 

Previous work that studied the political difficulties of using economic incen­
tives to allocate road space and natural resources sought to compensate those who 
lose when road pricing is used with the help of revenues generated by road pricing 
programs.̂ "^ However, as is argued by Oberholzer-Gee and Weck-Hannemann 
(2002), a wider notion of what the public perceives to be the 'cost' of using eco­
nomic incentives is adequate. Politico-economic reasoning suggests that voters as 
consumers and/or producers (employers/employees) in the industries affected have 
to pay the costs and thus will not be enthusiastic about such a policy. In addition, 

22 See, e.g., Button and Verhoef (1998). 
23 For evidence of these failures see, e.g., Jones (1998). More recently, the introduction 

of road pricing measures in Germany seems to have failed due to technical difficulties 
indeed. Austria, in contrast, was successful with implementing a road pricing scheme 
in 2004, but the measures hardly differentiate as to ecological characteristics and in 
addition, the revenues are earmarked exclusively for financing road infrastructure. 

2"̂  For such an argument see, e.g.. Common (1989), Small (1992), or Rietveld and Ver-
hoef(1998). 
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while economists universally embrace the allocation of resources via markets, the 
general public often appears to be much more sceptical of pricing instruments. 
There is ample evidence that pricing is not considered to be a fair allocation 
mechanism whether in situations to eliminate excess demand or in public good 
contexts. Moreover, economic incentives have the potential to crowd out intrinsic 
motivation which implies that pricing measures become less effective and, in addi­
tion, there may be negative spillovers to other areas where no (monetary) incen­
tives for environmental protection exist. 

Political economists view the policy measures that governments and parlia­
ments adopt as outcomes of exchange processes. This implies that, in practice, 
voter preferences are not directly translated into politics. Elected officials supply 
the policies that voters and interest groups demand, and in exchange for regula­
tion, politicians receive votes, money and information. From a political economy 
perspective, it is usefiil to think about the negative externalities of private trans­
portation as transfers to specific groups which are allowed to make use of re­
sources without bearing the fiill opportunity costs. The introduction of road pric­
ing then increases transfers to some groups (for instance, those who primarily 
consume environmental amenities) and decreases the transfers to others (e.g., low-
income drivers). Whether or not it is possible to devise a road pricing program that 
will find political acceptance not only depends on the changes in welfare brought 
about by pricing - the approach taken generally in the transportation and the wel­
fare-oriented economic literature - but also on the relative influence of groups in 
the political game. 

Once the influence of groups is taken into account, the set of environmental 
policy instruments that is actually employed in politics can deviate significantly 
fi-om the theoretical optimum.^^ As is argued in public choice theory, policy mak­
ers favour instruments that weaken the government's budget constraint. In this re­
spect, environmental taxes recommend themselves because they generate addi­
tional fixnding. If road pricing revenues ought to be returned to citizens, 
lawmakers can still try to channel these fixnds toward their own constituencies. 
Road pricing revenues could also be used to compensate those who lose when 
economic incentives are introduced. Goodwin (1990) and Small (1992) have iden­
tified important interest groups and made suggestions how the revenues fi-om road 
pricing schemes can be used to overcome their political opposition. In such exer­
cises, the analyst should keep in mind that expected welfare changes are a neces­
sary, but not a sufficient condition for political mobilisation to occur. If groups are 
not already organised - existing carpool users are an example for a group that 
would mostly benefit fi*om road pricing - it is unlikely that they will exercise deci­
sive influence in any road pricing debate. In contrast, automobile associations, 
public transport unions and environmental groups can be counted on to exert con­
siderable influence. 

Road users are certainly the best organised group whose members are likely to 
lose when road pricing is introduced. This is an argument to target revenues fi*om 
road pricing to projects that benefit drivers. There is some empirical evidence that 

Buchanan and Tullock (1975), Hahn (1989) or Schulze and Ursprung (2000). 
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indeed, taxes can be introduced if they are channelled back to the transportation 
sector. As Rivlin (1989: 113) states "(T)here is one apparent exception to the tax 
rule: taxes held in trust funds and earmarked to specific purposes can be raised. 
There was no perceptible backlash when the gasoline tax was raised (in the United 
States) in 1983, presumably because the increase was thought necessary to fix the 
roads." Kimenyi, Lee and Tollison (1990) show for the US in general that, in 
comparison to general fund financing, earmarking leads to increased tax revenues. 
Similar arguments apply to the 1993 popular referendum in Switzerland that ap­
proved an increase in gasoline taxes. Earmarking the revenues for the purpose of 
maintaining and improving the road infrastructure apparently convinced some 
drivers that the increase in taxes was in their best interest.^^ 

Previous research comparing the relative effectiveness of compensation 
mechanisms shows that increases in road investments are by far the most popular 
measure while in comparison, using road pricing revenue to reduce income taxes 
is highly unpopular.^^ In other words, these studies suggest that reduced accessi­
bility to roads ought to be compensated with improvements of the road network 
instead of a reduction in general taxes. In view of the progressivism of many tax 
systems, these attitudes may reflect a preference not to combine a regressive pol­
icy measure such as road pricing with a reduction in general taxes that would also 
mainly benefit higher-income groups. In addition, this evidence underlines the 
principle that compensating those who lose is easier if compensation remains in 
the same 'dimension' as the losses.^^ 

Nevertheless, road pricing programs are still politically problematic not only 
when compensation of losers is deficient but also in another respect. Politicians 
are inclined to favour policies whose costs are difficult to see and, on the contrary, 
whose benefits should be highly visible and attributable to their programs. As the 
negative externalities of private transportation vary geographically and over time, 
the prices for road usage will have to vary as well to be economically efficient. 
Charging drivers different amounts at different points in time keeps the costs of 
using roads highly visible, reminding voters of the policy every time they stop at 
toll booths or look at their electronically generated charges. Thus, the costs remain 
highly visible while the benefits of the policy - better environmental quality and 
reduced congestion - are much less salient, at least in the long run. The benefits 
are hard to see, for instance, because the counterfactual - how prevalent asthma or 
how much congestion would be without road pricing - is hard to assess. 

In summarising this discussion it can be concluded that road pricing measures 
as other incentive-based instruments in environmental policy are difficult to im­
plement but have better chances to be realised when their design deviates fi-om the 
ideal. The question posed in the subtitle of the seminal paper by Hahn (1989: 96) 
"How the patient followed the doctor's orders" can be answered in the way - here 
once again - that the actual use of incentive-based instruments in environmental 
policy departs "fi-om the role which economists have conceived for them". 

See Kirchgassner (1993). 
See Verhoef, Nijkamp, and Rietveld (1997). 
For a discussion of this argument see Oberholzer-Gee and Weck-Hannemann (2002). 
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5 Concluding Remarks 

There are many possible reasons why incentive-based instruments as a means to 
internalise external costs have been rarely applied in environmental policy in the 
past. Public choice theory suggests that there are good reasons why politicians, 
voters, bureaucrats and representatives of well organised interest groups are rather 
reluctant to favour price instruments on a large scale. It is argued that incentive 
oriented instruments are neither in the interest of the decision makers on the sup­
ply side nor they are favoured by the most influential groups of voters on the de­
mand side on the political market. 

However, pricing instruments may have a chance to be implemented if they are 
introduced in such a way that well-organised groups are benefiting most and the 
costs are spread to less influential and latent interest groups. Earmarking of reve­
nues in this case may be an essential feature to achieve the respective aim on the 
part of politicians and most powerful interest groups. Beyond that, the opposition 
to environmental measures - either incentive-based instruments like taxes or trad­
able permits as well as command-and-control instruments - may be mitigated by 
accepting exceptions and allowances. If, for instance, taxes are fixed at a relatively 
low rate and thus avoidance costs in the case of emission standards exceed the tax 
burden, this solution is in effect favourable for polluters. If likewise exemptions 
are made for the most polluting sectors, e.g. the energy intensive producing indus­
tries in the case of CO2 taxes, this implies that resistance of those producers who 
produce most emissions can be weakened. On the other hand, such a procedure 
aiming at increasing the political chances to implement such measures at the same 
time reduces the environmental impact and economic efficiency of such a policy 
significantly. 

Altogether, it has to be concluded that either there is still limited support of the 
use of incentive-based instruments in environmental policy or the application of 
such instruments in many respects deviates fi*om the ideal lowering their economic 
and ecological impact. Public choice theory as a positive science contributes to 
explain these facts as was tried to elaborate in this paper. On the other hand, pub­
lic choice theory as a normative approach and, more specifically, constitutional 
economics gives hand to try to overcome this situation. One way is to think about 
adequate institutional conditions contributing to improve the chance that incen­
tive-based instruments as the most efficient means in environmental policy are 
implemented in a right way in the political decision making process. Referring to a 
process-oriented approach, it may be argued that the political process itself has to 
ensure that all relevant arguments have a chance to be considered in the discussion 
resulting in efficiency to be reached endogenously, i.e. via the process. All the 
pros and cons have to enter in the political process without distortion. This may be 
better guaranteed if voters have a direct say in political matters and can act as 
agenda setters as is the case with institutions of direct democracy and the right of 
initiative. In this case it is expected that politicians are forced to be more respon­
sive to voters' interests than in a system of representative democracy where prin­
cipal-agent problems are more pronounced. Moreover, when the principles of fis-
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cal equivalence and institutional congruence are realised spillovers in external ef­
fects may be overcome and all relevant benefits and costs are more adequately 
taken into consideration in the political decision making process. 

Finally, the caveat that the interests of future generations are neglected remains. 
This argument is especially relevant in the discussion about sustainable develop­
ment and environmental policy. However, there is no way out of this dilemma ex­
cept to rely on the present generation and living individuals to pay regard to these 
interests though not in a comprehensive way but least partially. This is another ar­
gument besides political failure that political decisions deviate from the economic 
ideal considering the welfare of the general public, including present and future 
generations. 
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Abstract. It is a hardly disputable fact that one can get scientific reports in favour 
of (and against) nearly every policy a government wants to perform. One of the 
reasons for this is that economic theory is in many relevant cases so weak that it is 
possible for different economists to defend pretty contrary positions with the claim 
of scientific truth. This makes empirical research necessary. However, using the 
ecological tax reform as an example, it is shown that researchers can often easily 
obtain their 'desired' empirical results without (obvious) violations of the rules of 
scientific work. To detect such manipulations, a critical discussion of theoretical 
approaches and empirical results is necessary. Finally, we discuss how it is possi­
ble that despite all these problems the process of policy advice may lead to some­
thing like 'objectivity', why even economists who are not corrupt in most cases 
promote the objectives of their clients, and why economic policy advice is de­
manded at all. 

1 Introduction 

Let me start with three examples of scientific policy advice: 
- In 1993, the Swiss government planned to introduce an energy and/or C02-tax. 

This was based on a study by Prognos (1993) which indicated that considerable 
employment gains could be realised with an appropriate repayment to the tax­
payers. On behalf of the Society for the Promotion of the Swiss Economy, Erd-
mann (1997) wrote a report which warned against large employment losses 
which might result fi*om such an 'ecological tax reform'. A study, financed by 
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the Swiss National Science Foundation, came to the conclusion that small em­
ployment gains might be realised. ̂  

- The state of Berlin is - more or less - bankrupt. The Senate (state government) 
decided that the budget of the universities has to be cut by about 200 bn EUR. It 
asked Roland Berger, the most famous German consulting firm, for a report, 
and - without visiting the universities - they also came to the conclusion that 
200 bn EUR could be saved and showed how this might be achieved.^ 

- In Switzerland, 19 cantons have public monopolies on fire and natural (elemen­
tary) damage insurance, while private insurance companies are working in the 
other cantons. The private insurers demand that (as in Germany) the public mo­
nopolies should be abolished. To defend their position, the public monopolies 
asked Thomas von Ungem-Stemberg, professor of economics at the University 
of Lausanne, for a report. He showed that the public monopolies are cheaper 
(1994, 1995). Then, the private insurers asked Bemd Schips, professor of eco­
nomics at the Swiss Federal Institute of Technology in Zurich, for an opposing 
report. He concluded that the private insurers are cheaper (1995). In 1998, the 
Swiss Supreme Court 'decided' that von Ungem-Stemberg is right: the public 
monopolies are cheaper.^ 
These three examples suggest that when asking for a report you can get what­

ever you want. This might sound cynical, but many other examples could be added 
which impart the same impression. And especially the third example is provoking. 
It is obvious that it is difficult to evaluate the possible effects of tax reform. Dif­
ferent theoretical assumptions might lead to quite different results. And that a 
commercial consulting firm is behaving in the way Roland Berger did is in line 
with the opinions many people share today. But that two professors of economics 
come to opposing answers on the relatively simple question whether the cantonal 
monopolies or the private insurers are cheaper creates severe doubts on the valid­
ity of such reports in particular and - quite generally - on the purpose of economic 
policy advice. 

They also clearly contradict the traditional approach to the theory of economic 
policy advice as developed, e.g., by Tinbergen (1956), which - in an admittedly 
somewhat simplifying matter - may be characterised in the following way: Politi­
cians, elected in a democratic process, try to maximise social welfare; they behave 
like benevolent dictators. They lack, however, knowledge, in two respects. First, 
they need information about the preferences of the people. Second and more im­
portant, they lack information about their political possibilities: the instruments 

See Meyer zu Himmem and Kirchgassner (1995) or Kirchgassner, Miiller, and Savioz 
(1998). 
See R. Kohler, Hochschulen: Finanzsenator lasst uns ausspionieren, Berliner Mor-
genpost 12/03/2003 (http://morgenpost.berlinl.de/archiv2003/030312/berlin/story 
590318.html (25/05/04)), J. Kaube, Ansichtsrat: Roland Bergers Sparvorschlage fur 
die Berliner Universitaten, Frankfurter Allgemeine Zeitung 15/03/2003, (http:// 
www.hu-berlin.de/presse/zeitung/archiv/02_03/num_6/seitel.shtml (25/05/04)). 
Bundesgerichtsentscheid 124 I 25, Lausanne, 27/02/1998. 
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which are available and especially the (expected) economic outcomes if the in­
struments are used in a specific way. Policy advisors, on the other hand, also be­
have like benevolent dictators. They have the duty to provide the politicians with 
this information. Some perform opinion polls to find out the preferences of the 
population. Others, economic policy advisors, have to provide the information 
about the (economic policy) instruments and their effects on the economy. In many 
situations, such advice can be provided solely based on economic theory. In other 
situations, empirical research is needed to find out the 'correct' policy measures. 
Economic research institutes, be they publicly financed as the major institutes in 
Germany or privately as those in the United States, have the objective to perform 
such empirical research in an objective and unbiased manner. 

This traditional approach has several severe shortcomings. First of all, the as­
sumption of the government as a benevolent dictator has to be questioned. Though 
it is still often used in theoretical economic models,"^ over the last fifty years, pub­
lic choice theory has effectively destroyed the belief in this assumption. First of all, 
Arrow (1951) has shown that it is highly problematic to talk about something like 
'social welfare' with respect to a democratic system. For a democracy, the social 
welfare function which (implicitly or explicitly) is assumed to exist whenever this 
term is used in discussions about public policy, does not exist in general. More­
over, following Schumpeter (1942), Downs (1957) and Buchanan and TuUock 
(1962), public choice has re-invented the notion that there is not only market fail­
ure but also government failure. The latter results not so much from informational 
problems but mainly from the fact that politicians - like all other individuals too -
mainly strive for their own utility and much less for social welfare, whatever this 
might be. Thus, public choice considers politicians like all other individuals as 
self-interested, rationally acting utility maximisers. 

Taking this into consideration, the task of economic policy advice becomes 
much more difficult. To transmit information to the politicians on what is to be 
done in a specific situation to reach a certain objective is not the only problem the 
policy advisor has to solve. In addition, the information has to be presented in such 
a way as to create incentives for the politicians to actually use this information. 
Thus, the process of transforming scientific advice into economic policy has to be 
taken into consideration as well.^ 

Though papers about economic policy advice in the public choice tradition fully 
recognise this point, they fall (as all others, too) into a second fallacy: Economists 
are - like probably all other people - rather uncritical towards themselves, and 
whenever they give policy advice, they see themselves as benevolent dictators. 
They do not only often believe that they have lots of information, much more than 
they actually do, but they also consider themselves as being objective and standing 
above the daily political discussions and political ideologies. The latter they derive 

Today, this still holds for a large part of modem public finance like, e.g., the theory 
of optimal taxation. See for this the dispute between Richter and Wiegard (1993, 
1994) on the one side and Blankart (1994) on the other side. 
See for this, e.g., Meier and Mettler (1986). 
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from their authority as scientific economists.^ However, economists are in the same 
way self-interested, rationally acting individuals like all other human beings, too. 
This also holds when they give policy advice. The money they earn, e.g., if they 
produce reports that are used by their clients to strive for their objectives is not 
necessarily a sign of corruption. However, it can hardly be denied that scientists 
are often paid for producing exactly the statements their clients want to hear, a fact 
they are aware of and put up with.^ It does not help to argue - often mainly for the 
pacification of their own conscience - that this money is spent on a good purpose 
(according to their opinion). In addition, they often do not want to be reminded 
later on what they have written in earlier reports.^ 

The general public has a more realistic picture of economists as policy advisors 
than they have themselves. The same economic agents, who in modem economic 
theory are usually assumed to have rational expectations, which implies that their 
expectations are on average correct, accuse economists who are policy advisors to 
be biased and sometimes even to be corrupt. They certainly have a point and are 
not totally wrong. As the examples above show, today it is possible to find a pro­
fessor of economics willing to write a scientific report in support of nearly any po­
litical position.^ 

When asked, economists who are engaged in political debates nearly always 
claim that their statements are purely scientific and that their clients did not influ­
ence their results at all. This may be true in many cases. However, it would be just 
the opposite of the usual economic procedure if we strongly believed in such af­
firmations. Economists usually take into account the behaviour of economic agents 
and not their verbal statements, and they try to draw conclusions about the prefer­
ences of the individuals from their actual behaviour. ̂ ^ The reason for this is that 
talk is in many cases cheap, but acting is costly. Thus, in general, individuals are 
more honest when acting than when talking. This holds for economists as for all 
other human beings, too. If we judge by behaviour and not by verbal statements, 
the impression of biasedness can, however, not be put aside easily. 

The third problem connected with the traditional economic approach to policy 
advice is that it almost exclusively focuses on the advice to the government. This 

9 

10 

See, e.g., Hesse (1994: 18). 
It often does not need very much to cause economists (and other scientists) to act in 
the interest even of organisations which have nothing to do with economics as a sci­
ence at all. E.g., conferences organised as well as books edited by and with contribu­
tions of prominent economists have been financed by the 'Professors World Peace 
Association', an organisation financed by the Mun-Church, which has as its main 
purpose improving the public image of this organisation. (See for this also Blankart, 
1987: 669). 
In accordance with the traditional innocence assumption which economists apply on 
themselves there are only very few theoretical papers of the advisory process that al­
low for biased experts. Such an exception is, e.g., Krishna and Morgan (2001). 
See, e.g., fiirther examples in Kirchgassner (1996). 
The basic paper (with respect to the theory of consumer behaviour) is Samuelson 
(1948). 
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might, however, be only a minor part of the actual advice. Much of the advice is 
either directly given to interest groups, or to the parliament or the government on 
behalf of interest groups. The latter holds, e.g., whenever the interest groups are 
able to nominate experts for political hearings. Moreover, especially but not exclu­
sively in a direct democracy, a considerable part of the advice is also directed to 
the general public, if economists, e.g., write colimms in newspapers. In many cases 
economists are free to write what and about which subject they want, the only 
problem being whether it will be published or not, but it is often also the case that 
economists are asked by the editors of a newspaper to write about a certain sub­
ject. In a direct democracy this can be, e.g., before a referendum, and at least 
sometimes the advisors are asked to write in support of or against a certain pro­
posal which is at stake. 

If all three problems are to be taken up seriously, the analysis of the advisory 
process has (at least) to be amended by stating (and answering) several new ques­
tions. While it is still possible to ask how far the patient followed the doctor's or­
der, as, e.g., Hahn (1989) did with respect to environmental policy, it also has to 
be asked why the doctor made his prescriptions. The recourse to scientific knowl­
edge, be it a theoretical or empirical one, is not sufficient, because economic the­
ory rarely gives us clear cut answers on policy questions, and empirical results are 
often contradicting. Moreover, they might be manipulated quite easily. Thus, not 
only the question what happened after a specific advice has been given is interest­
ing, but also the question: What happened before it was given? Thus, we also have 
to analyse the process of economic advising itself, and - as economists - we 
should employ the economic approach of behaviour. 

In doing so, we have to dissociate from the picture of the ideal scientist which is 
in most of our minds and apply the economic model of behaviour on ourselves as 
well. That is, we must assume that economists are self-interested rationally acting 
utility maximisers, too. Economic theory supposes that this is a usefiil assumption 
for analysing human behaviour. There is no reason to except economists from this 
assumption.^* This does not only imply that their information is limited as well, but 
also (and more importantly) that strong monetary incentives can cause economists 
to defend (nearly) any, even arbitrary political position. 

In the following, some steps in this direction are taken. In Section 2 it is shown 
that economic theory is in many relevant cases so weak that it is possible for dif­
ferent economists to defend pretty contrary positions with the claim of scientific 
truth. This makes empirical research necessary. However, using the ecological tax 
reform as an example, it is shown in Section 3 that researchers can often obtain 
their 'desired' empirical result by manipulating the empirical results without (ob-

There is empirical evidence that economists behave even more in accordance with 
this model than the average individual, especially, that economists are stronger self-
interested and less altruistic than others. Experiments with the ultimatum game show, 
e.g., that students of economics show much stronger free rider behaviour (as pre­
dicted by economic theory) than other students. See for this Carter and Irons (1991). 
Frey and Meier (2003) explain this by a selection effect. 
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vious) violations of the rules of scientific work. To detect such manipulations, a 
critical discussion of theoretical approaches and empirical results is necessary. 
Thus, in Section 4, we discuss how it is possible that despite all these problems the 
process of policy advice may lead to something like 'objectivity' and why even 
economists who are not corrupt promote in most cases the objectives of their cli­
ents. 

2 On the Power of Statements of Economic Theory 

Whenever economists give an advice how to solve current economic problems, 
they typically give answers which imply changes in relative prices. To reduce un­
employment it is demanded, e.g., that trade unions make moderate wage claims 
and that taxes and charges on labour are reduced in order to reduce the price of 
and increase the demand for labour.*^ And to reduce air and water pollution eco­
logical taxes and/or tradable permits are the usual prescription in order to impose a 
positive price on environmental media. 

There are two basic assumptions behind such proposals: 
1. Stability: The economic system is stable in the following sense: small changes 

of policy instruments lead only to small changes of the economic objectives. 
2. Substitution: Increases (reductions) of the (relative) price of a good lead to re­

ductions (increases) in the (relative) demand for this good and increases (reduc­
tions) in the demand for other goods: The good which is now (relatively) more 
expensive will be (partially) substituted by goods which are now (relatively) 
cheaper. 
Whether the economic system is stable in this sense is quite independent of the 

question whether this system tends to reach fiill employment or not. Equilibria with 
(involuntary) unemployment can be stable in this sense as well. The assumption of 
stability stated above is much weaker, it only excludes chaotic behaviour of the 
economic system. If we had to take into account chaotic behaviour, economic pol­
icy would be a gamble: Small changes of government expenditure or even an in-
finitesimally small change of a single tax rate could lead to a massive recession, 
but also to a strong economic upswing. ̂ ^ 

The assumption of substitutability implies that the (aggregate) demand func­
tions for individual goods have a negative slope: An increase (reduction) of the 
price leads to a reduction (increase) of the quantity demanded. This assumption is 
so fundamental for economic theorising that von Weizsacker speaks of the "confi­
dence in the working of the substitution principle" as the basic common conviction 
of economists (1976: 69, own translation). 

12 See, e.g., Sachverstandigenrat (2003: 361ff.). 
1̂  For the relevance of chaos theory for economics see, e.g., Baumol and Benhabib 

(1989). 
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Is this basic common conviction covered by economic theory? This question 
may sound ridiculous. One should assume that economists who give policy advice 
take into account the relevant results of economic theory. Until about thirty years 
ago, it was possible to assume (with more or less bad conscience) that these as­
sumptions are without problems. Since then, however, it has been shown that these 
assumptions are not necessarily covered by economic theory. Thus, the question 
whether it is possible to give economic policy advice based on economic theory is 
no longer trivial. Why this is the case is first explained in general and then illumi­
nated with two examples. 

Let us first ask whether aggregate demand functions have a negative slope. 
Somewhat more precisely the question is whether we get aggregate demand fiinc-
tions for individual goods with a negative slope if all economic agents behave 'ra­
tionally' in the sense of the economic model of behaviour. A general answer to this 
question cannot be derived fi"om partial analyses but, if the feedback of the actions 
of individual actors is to be taken into account, by the theory of general equilib­
rium. This was the question Sonnenschein (1972, 1973) asked in the early seven­
ties. He has shown that employing the usual assumptions about the individual pref­
erences in an exchange economy the demand function for an individual good can 
(locally) have any slope. ̂ "̂  To exclude this possibility rather restrictive assump­
tions about individual preferences are necessary. This also holds if one tries, as Hil-
denbrand (1983) did, to impose restrictions on the possible distributions of prefer­
ences (and initial endowments). 

With respect to the assumption of stability it has been shown that such econo­
mies can have multiple equilibria. If such multiple equilibria exist they cannot be 
globally stable, and some equilibria are not even locally stable: Small deviations 
fi*om one equilibrium can lead to a totally different new equilibrium.^^ This im­
plies, however, that the two basic assumptions about the structure of the economic 
system which are typically employed whenever policy advice is given are not cov­
ered by general equilibrium theory. 

Thus, the attempt to derive univocal results about the basic structure of ex­
change economies which extend the existence and optimality conditions of equilib­
ria but are only based on the general primitives of economic analysis has failed. If 
one takes into account these 'non-results', then it is no surprise that it is possible to 
derive nearly any result by employing the corresponding assumptions. This is 
shown by the following examples: 
1. Since the seminal work of Pigou (1920) it is well known among economists that 

it is possible to internalise external effects using (Pigou-)taxes. Today, the most 
important and threatening external effects relate to the situation of our natural 
environment. As mentioned above, for a pretty long time economists have re­
quested the introduction of ecological taxes. This demand is based on the idea 

See for this Ingrao and Israel (1987: 315ff.) as well as Balasko (1988: 120f.). - Fur­
ther work in this area and generalisations of the results of Sonnenschein are given by 
Mantel (1974), Debreu (1974), and Mas-Colell (1977). 
See for this Ingrao and Israel (1987: 329ff.). 
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that the imposition of a positive price for the private usage of nature would re­
duce pollution and, therefore, improve the situation of the natural environment. 
However, Braulke and Endres (1985) have shown that this is not necessarily the 
case. The introduction of ecological taxes is logically consistent with an exten­
sion of pollution. Thus, the theoretical basis for the introduction of such taxes 
seems to disappear. 

2. To preserve the stocks of non-renewable natural resources an extension of recy­
cling activities is generally requested. Jager (1976), however, has shown that, 
because of declining prices, extended recycling might even lead to an increased 
exploitation of natural resources. 
These examples show that despite the factual consensus between most econo­

mists, economic theory is unable to provide a robust theoretical foundation for pol­
icy advice. ̂ ^ Thus, economic theory seems to be at best of limited help for eco­
nomic policy. This even holds for microeconomics, where there is a large 
consensus among economists: The validity of the dominating theory is hardly dis­
puted. How much less help can we expect from macroeconomics where the basic 
consensus which lasted up to the beginning of the seventies has long ago broken 
apart?^^ 

But even if it is assumed that stability is given and the substitution principle 
holds, we are still far from an ideal situation. Many economic policy measures 
have income and substitution effects which go in opposite directions. The overall 
effect is theoretically open. In such a situation economists - following the state­
ment of von Weizsacker (1976) - usually argue for the dominance of the substitu­
tion effect. There are, e.g., two effects to be considered with respect to the impact 
of wage increases on unemployment in Europe today. One of the reasons for low 
employment might be the weakness of domestic demand. ̂ ^ The income effect of a 
wage increase strengthens domestic demand which leads - ceteris paribus - to an 
increase of employment. On the other hand, a wage increase raises labour costs, 
which leads to a (partial) substitution of labour by other production inputs. At the 
same time, the costs of domestic compared to foreign production increase, which 
also leads to a substitution process. These two processes cause a reduction of de­
mand for labour and, therefore, also a reduction in employment. Thus, the overall 
effect of a wage increase on employment is theoretically open. If one believes in 
the disposable income argument of wages usually employed by trade unions, the 
income effect dominates, employment increases and unemployment is reduced. 
Most economists, however, believe (as the employer organisations do) that the 
substitution effect dominates: A wage increase raises - ceteris paribus - unem­
ployment. 

Thus, whenever the income and the substitution effects go in opposite directions 
it is possible that different economists make opposite statements without violating 
the rules of the scientific game. Because it is theoretically open which effect domi-

^̂  This is claimed, e.g., by Friedman (1985: 3). 
'̂̂  The situation of Macroeconomics is described, e.g., by Mankiw (1990). 
8̂ See for this, e.g., OECD (1997: 20ff.). 
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nates, we need empirical research. But how much can we rely on the empirical re­
sults which are presented, based on simulations with different models which have 
been validated with different methods, like econometric models or computable 
general equilibrium models? 

3 On the Use of Empirical Methods in Economic Policy 
Advice: The Ecological Tax Reform as an Example 

There is hardly any measure in environmental policy which has been more debated 
in recent years than the 'ecological tax reform'. This holds for the popular but for 
the scientific debate as well. The main question was and is: Does a 'double divi­
dend' exist, i.e. can such a reform improve the situation of our natural environment 
and in this way provide a 'green dividend', and, by using the revenue to cut distor-
tionary labour taxes, at the same time improve the economic situation of a country, 
especially increase employment (or reduce unemployment, respectively), which 
might be the 'blue dividend'. The reason why this was expected is very simple: In 
both cases we come closer to the conditions for Pareto-optimality. Using this con­
sideration, an ecological tax reform, i.e. introducing environmental taxes and cut­
ting labour taxes while keeping government revenue constant, has long been de­
manded, already at the beginning of the eighties by Binswanger, Frisch, Nutzinger 
et al. (1983), and in the nineties most forcefully by Pearce (1991). 

Starting with the seminal paper of Bovenberg and de Mooij (1994a), a second 
round of the double dividend debate has started. This round, which is dominated 
by the work of Bovenberg together with several co-authors,^^ destroyed some of 
our earlier beliefs. Using optimal taxation theory and general equilibrium models, 
the main message of this work is that it is more likely that environmental taxation 
reduces employment and especially economic welfare, if narrowly defined, i.e. if 
ecological effects are not taken into account. Moreover, in most cases where eco­
nomic efficiency gains can be reached, there are other tax instruments which lead 
to even larger economic efficiency gains. Thus, an ecological tax reform might be 
appropriate from an ecological point of view, but one should be very cautious to 
expect (large) employment gains from such a reform. 

The basic theoretical problem is the one mentioned above, that income and sub­
stitution effects work in opposing ways. A (partial) switch from a labour to an en­
ergy tax makes labour cheaper and energy more expensive. Thus, the substitution 
effect leads to an increase in the demand for labour. On the other side, the shrink­
ing of the tax base increases the dead-weight loss of taxation and - by this way -
leads to a negative income effect, which reduces the demand for labour. The ques-

^̂  See, e.g., Bovenberg and de Mooij (1994a, 1994b) and Bovenberg and van der Ploeg 
(1994, 1996). Overviews of this discussion are given in Kirchgassner (1998), Boven­
berg (1999), Bovenberg and Goulder (2002) as well as Schob (2003). For a discus­
sion highlighting the employment effects see also Bovenberg (1995). 
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tion is which effect outweighs the other one. As mentioned above, economists 
normally tend to believe that the substitution effect is stronger. In most of the 
models of L.A. Bovenberg, however, the income effect dominates. Thus, the eco­
logical tax reform might lead to an improvement of the situation of the natural en­
vironment, but the economic situation will - under these assumptions - deteriorate. 

A major problem with many of these models is that they assume full employ­
ment which implies that they only know voluntary unemployment. Besides the fact 
that outside the economists' profession hardly anybody believes that such an as­
sumption makes sense, especially in the European situation of mass unemploy­
ment, this assumption has the drawback that hardly anything can be said about the 
development of unemployment, at best about the development of employment. 
Moreover, the policy proposals in favour of an ecological tax reform are based on 
the conviction that current unemployment is mainly involuntary. Models, which do 
not take this into account are hardly able to answer the relevant policy questions. 
But it is tricky to model involuntary unemployment in an equilibrium setting, and 
models in which this is tried often do not lead to totally different results. 

However, there are also theoretical models which predict a positive impact on 
employment by such a reform.̂ ^ Thus, it is finally an empirical question what the 
effects of such a reform are. What we need is a simulation model which is based 
on as much empirical evidence as available. There are two main lines to answer 
such questions which have been followed in the last three decades. On the one 
hand, econometric models have been used for such simulations which are esti­
mated using time series of economic variables. On the other hand, computable 
general equilibrium models have been developed. They usually use data of one 
year for calibrating the model. The assumption behind this is that the economy was 
in an equilibrium situation in that year. 

Both concepts have been used to evaluate the effects of ecological tax reforms. 
As mentioned above, in Switzerland, the government started this discussion in the 
nineties with a proposal to introduce an energy and/or C02-tax, based on a report 
by Prognos (1993) on behalf of the Swiss Federal Department of Home Affairs. 
This report used econometric estimates and predicted large employment gains. G. 
Erdmann (1997), without using any model, warned about possible large employ­
ment losses. The studies supported by a programme of the Swiss National Science 
Foundation used computable general equilibrium models and came to the conclu­
sion that small but positive employment gains were to be expected. 

In Germany, the situation was quite similar. The largest positive employment 
effects have been demonstrated in a study produced by the German Institute for 
Economic Research (1994) which was financed by Greenpeace. They assumed an 
annual increase of real mineral oil prices by seven percent, and predicted that this 
would cause between 300,000 and 700,000 additional employed people, despite 
the fact that economic growth is reduced by about 0.2% per year. Similar results 
are produced by Meyer and Ewerhart (1996).̂ ^ Both results are based on demand 

20 See, e.g. Koskela and Schob (1999) or Koskela, Schob, and Sinn (2001). 
2̂  See also Meyer (2000) and the references given there. 
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oriented econometric models. On the other hand, the earliest computable general 
equilibrium models for Germany by Conrad and Schroder (1991, 1993) or Welsch 
and Hoster (1995) predicted no increase or even a reduction of employment as a 
result of such a reform. 

The basic theoretical difference between the econometric models and the com­
putable general equilibrium models for the Federal Republic of Germany is that 
the former are more demand side and the latter more supply side driven. More­
over, the former generally assume that there is involuntary unemployment while 
most of the latter (in the neo-classical style) assume full employment. While this 
corresponds in some respect with the traditions in which these models have been 
developed, these are not necessary properties of such models; it is possible to em­
ploy both assumptions in both kinds of models. Nevertheless, as can be shown 
with two examples, different labour market assumptions can make a lot of differ­
ence for the generated result. 

The first example are simulations for Switzerland which are based on a comput­
able general equilibrium model presented in Kirchgassner, Miiller, and Savioz 
(1998). The model was calibrated for the year 1996 where the unemployment rate 
was about five percent: Under the assumptions of (i) involuntary unemployment 
and (ii) that the new tax revenue is used to reduce contributions for the old age 
pension system, the model predicts that the introduction of a COi-tax of CHF 36,-
per ton would reduce the unemployment rate (in the long run) fi*om five to four 
percent, which corresponds to about 30,000 people additionally employed. 

A basic assumption employed in this simulation is that nominal wages remain 
constant; workers have to pay higher energy prices, but they are (at least partially) 
compensated by lower social security contributions. Thus, at least the real gross 
wage rate is reduced. However, trade unions do not necessarily have to accept this. 
They might try to get a compensation for the price increase by a corresponding in­
crease in gross wages. Whether they succeed or not depends on the resistance of 
the employers. To show the effects of such policies, we present simulations with 
no adjustment of gross wages, with full adjustment and with a partial adjustment of 
50%. 

Table 1. Results of trade union strategies (Switzerland) 

Trade union Reduction of CO2- Change of GDP Unemployment rate 
strategy emissions (%) (%} (%} 
Constant nominal 
wage 
Partial adjustment 
of the real wage 
Constant real wage 

-8.5 

-8.6 

-8.7 

+ 0.5 

+ 0.2 

-0.2 

4.0 

4.6 

5.3 

The results of the C02-emission and of GDP are deviations from the benchmark. 
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Table 1 shows the simulation results.^^ The trade union strategy has hardly any 
effect on the COi-emission. Insofar, the ecological objective is reached quite inde­
pendently of their strategy. On the other hand, it has a considerable impact on the 
general economic development, and, therefore, also on employment. If the real 
wage remains constant, GDP is somewhat reduced and unemployment slightly in­
creased. Thus, the economic objective of this policy is missed. If there is only a 
partial adjustment, unemployment is slightly reduced and GDP slightly increased. 
Only in the case of no adjustment do we get a considerable reduction of unem­
ployment. 

Similar simulations have been performed for the Federal Republic of Germany 
by the Centre for European Economic Research in Mannheim.^^ Also employing a 
computable general equilibrium model, they asked for the effects of the first step 
of the German ecological tax reform which took place in 1999. In this step (as in 
later steps) energy prices have been increased and social security contributions re-
duced.̂ "̂  For the trade unions they assumed three different strategies, that the re­
duction of the employees' social security contributions are totally taken into ac­
count in the wage negotiations between employer organisations and trade unions, 
that they are not taken into account at all, and that there is partial adjustment. 

Table 2 shows the results. Qualitatively, they are similar to the Swiss results. If 
the reduction of the social security contributions is fiilly taken into account (no ad­
justment), GDP and employment increase at least slightly. If they are not taken 
into account at all (fiiU adjustment), GDP and employment are slightly reduced. If 
there is only partial adjustment, hardly anything happens. 

Table 2. Results of trade union strategies (Germany) 

Trade union 
strategy 
No adjustment 
Partial adjustment 
Full adjustment 

Reduction of CO2-
emissions (%) 

-0.88 
-1.29 
-1.45 

Change of GDP 
(%) 

+ 0.74 
+ 0.01 
-0.27 

Employment 
(%) 

+ 1.30 
+ 0.09 
-0.37 

This example shows that with different assumptions about trade union behav­
iour but the same class of models, quite different results can be obtained. Of 
course, assumptions about trade union behaviour are not the only ones which have 

24 

^̂  For more details of these simulations see Kirchgassner (1999). 
25 See Koschel, Wunsche, and Eckerle (1999). 

The major components have been the introduction of a tax on electric energy of DM 
0.02 per kWh as well as an increase of the mineral oil tax for gasoline by DM 0.04 
per litre, for light heating oil by DM 0.04 per litre and for natural gas by DM 0.32 per 
kWh. These increases came into effect on April 1, 1999. At the same time social se­
curity contributions for the old age pension system have been reduced by 0.8 percent­
age points to 19.5 %. See for this Gesetz zum Einstieg in die okologische Steuerre-
form of March 3, 1999, FOS-Mitteilungen Nr. 15, March 1999 as well as Jacobs et al. 
(1998). 
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an impact on the results; different assumptions about government behaviour might, 
e.g., have similar implications.^^ Moreover, these assumptions do not have to be 
explicitly stated; it is possible to derive them from more general assumptions about 
trade union or government behaviour. In addition, econometric models are no less 
prone to such 'manipulations' than the computable general equilibrium models 
which today are mostly used to evaluate programs of environmental policy.^^ And 
all this is possible without violating scientific standards. 

4 On the Process of Policy Advice 

Thus, we are in a situation where we can find economists providing scientific (and 
empirical) support for nearly every political position. Apart from other factors, this 
is possible because economic theory is compatible with nearly all (factual) state­
ments and because the necessary empirical research can lead to rather different re­
sults. But, under such conditions, for what is economic policy advice useful, why 
is it demanded and can we expect that (besides ideology) information is transmit­
ted in the process of economic policy advice? Or do we have to assume that (most) 
economists in this business are corrupt, because they deliver results demanded by 
their clients? 

To get a (at least partially) satisfactory answer one has to take into account that 
science is not the business of separate (especially honourable) individuals but that 
it is a process, in which some scientists make conjectures and others criticise those. 
This holds for the social sciences equally as for the natural sciences. As Karl R. 
Popper (1962: 95) states: 

'It is a mistake to assume that the objectivity of a science depends on the ob­
jectivity of the scientist. And it is a mistake to believe that the attitude of the 
natural scientist is more objective than that of the social scientist. ... the ob­
jectivity of science is not a matter of the individual scientists but rather the 
social result of their mutual criticisms, of the friendly-hostile division of la­
bour among scientists, of their co-operation and also of their competition. *' 

Thus, some of the conjectures will (at least temporarily) survive criticisms and 
be taken as approved hypotheses, while others will be refuted because of logical 
deficiencies or incompatibility with the available empirical data. It is not decisive 
whether the individual scientist is objective or not, but that the scientific discourse 
takes place in a climate where criticisms are not only allowed but even desired. 
Only criticisms of our conjectures enable us to detect their weaknesses and to pro­
ceed to better conjectures. In this respect, there is no difference between natural 

25 

26 
See, e.g., the results for Austria reported in Kirchgassner (1999). 
In Kirchgassner (2001) it is shown how regression results about the relation between 
the government's share and economic growth or unemployment in a country can be 
'produced'. 
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and social scientists. If we had to rely on the objectivity of the individual scientist 
to reach scientific progress, then the possibilities for progress would be rather lim­
ited, because scientists - like all other human beings - are generally biased in fa­
vour of their own ideas. Whether scientific progress is possible or not in a society 
depends much more on the (rational) organisation of the scientific process than on 
the intentions of the individual scientists. Nevertheless, in an open discourse, sci­
entists have strong incentives to strive for objectivity in order not to be refuted 
(too swiftly) by other participants. This is the only way to acquire reputation and -
in this way - also to pursue their other (individual) objectives.̂ "^ 

What holds for the (pure) scientific process, holds for the process of policy ad­
vice as well. If information (too) is to be transmitted in this process it must be en­
sured that the discussion is public and that the respective material is publicly avail­
able. As to empirical questions, this includes the exact specification of the data 
employed as well as their sources. Only under these circumstances competing in­
terest groups as well as the general public have the possibility to critically discuss 
different statements. This discussion is, however, necessary to enable participants 
in the political discourse to distinguish between factual statements and political 
(ideological) positions. Of course, both have their legitimate place in this dis­
course, but it should always be possible to differentiate between them, irrespective 
of how difficult this might seem to be in a concrete situation. Insofar, the concept 
which assumes that the public discourse and not the individual motivation of scien­
tists is crucial to get 'objective' information is fully based on the principle of 
'fi-eedom fi*om value judgements' as proposed by Weber (1919), Albert (1956, 
1963), and others. 

With respect to economic policy recommendations, it is safe to say that in most 
cases experts have a personal interest to obtain (nearly) exactly those results they 
actually achieve, which implies that they are biased in favour of their clients. This 
contradicts the notion of the ideal scientist, whose only objective is to find 'truth'. 
It is a fact that clients (often very carefiiUy) look for (potential) experts who can be 
expected to produce exactly the results desired by the clients. Because experts 
know of these expectations it can be assumed that the results sought by the cus­
tomer are at least not completely contrary to the experts' own ideological views. In 
the end, they have to identify themselves with these positions if their report is pub­
lished. 

That experts come to different conclusions does, on the other hand, not imply 
that the results are casual or arbitrary. Even if the statements of experts are quite 
different, a critical discussion is still possible which uncovers mistakes and tricks 
of individual experts and, therefore, allows a more objective evaluation of the 

^̂  This is in analogy with the role of the (self-interested) entrepreneur in the market and 
his contribution to the social result. As Adam Smith already wrote' "It is not from the 
benevolence of the butcher, the brewer, or the baker, that we expect our dinner, but 
from their regard to their own interest. We address ourselves, not to their humanity 
but to their self-love, and never talk to them of our own necessities but of their advan­
tages." (1776: 27). 
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situation from the outside. The main purpose of such a discussion is to show how 
the different arguments are related to specific interests even if they are garnished 
with the rhetoric of social welfare. Such a clarifying discussion is certainly not for 
the benefit of all participants but it can help other independent people or the politi­
cal authorities to make 'reasonable' political decisions. This holds more in a direct 
than in a (purely) representative democracy, because the public political discourse 
is of greater importance if people have (the possibility of) the final decision.^^ 

Moreover, it can even be helpful for the political discourse and the following 
decision if the experts of both sides try to make their points very strong. Lakatos 
(1970) argues that it can be detrimental for the scientific progress if a theory is 
withdrawn 'too fast' in a scientific discourse. The same holds for the political dis­
course. Thus, it makes sense that all sides present all their arguments in such a dis­
course. Only then do voters (and their representatives in the parliament) really 
know about what they have to decide on. 

It might be taken for granted that in many cases scientists strive for truth and 
that this is their only motivation. In addition, governments (clients) at least some­
times are really interested in objective (scientific) results. Moreover, economists as 
experts not always write what their clients expect. All this is not to be denied. But 
it can also not be denied that, besides truth, scientists often strive for quite other 
objectives and that their reports made on behalf of special interest groups usually 
reflect what those groups expect. What follows from this for the concept which is 
presented here? 

First, it has to be taken into account that the incentives of scientists depend on 
the environment in which they operate. Other conditions hold in the 'scientific 
game' than in the 'political game' or the 'policy advice game'. Generally, the sci­
entific game is more transparent and has a more long-run perspective. Thus, the 
strive for objectivity is stronger in (purely) scientific activities than in the policy 
advice game, but it can exist in the latter as well. Moreover, there are many argu­
ments in the utility functions; (monetary) income is a very important one, but only 
one among many arguments. 

Reputation in the scientific community plays certainly an important role for sci­
entists, and they are usually not willing to risk this reputation because of negligible 
financial rewards. Thus, it would not be rational even for self-interested scientists 
to be corruptible for small amounts of money and to produce results which can 
easily be rejected.^^ This holds the more, the more intense the information spills 
over from the political to the scientific area, i.e. the easier other scientific col­
leagues get knowledge of political advice statements which are scientifically not 
sound. Thus, striving for objectivity can be generated by self-interest, even if it 
might appear or be interpreted differently: as intrinsic motivation. On the other 
hand, among scientists (as among other people) there is also genuinely non-self-

28 

29 
See for this Kirchgassner, Feld, and Savioz (1999, Chapter 3). 
On the other hand, it is really astonishing how little money is often necessary to make 
economists (but also other scientists as well as politicians) risk their reputation (and 
their future career). 
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interested (altruistic, intrinsically motivated) behaviour. In some situations, such 
behaviour can even be very relevant for society.^^ 

Nevertheless, in order to find answers to the question how the process of policy 
advice has to be organised so that not only ideology but also information is trans­
mitted, it makes sense to follow the concept of constitutional economics and as­
sume self-interested behaviour of all participants. This holds even if the majority 
of scientists were purely intrinsically motivated and solely striving for objective 
knowledge.^ ̂  In analogy to the constitutional considerations of Popper (1945: 121) 
the relevant question is: How can we organise the institutions of scientific policy 
advice in such a way that bad or incompetent experts can be prevented fi-om doing 
too much damage? A somewhat nicer formulation for this is: The rules of the pol­
icy advice game should be built in such a way that even those scientific experts 
who are more interested in their own (monetary) income than in truth will produce 
objective knowledge. As shown above, a precondition for this is the open discussion 
of research methods and results: A critical discussion has to be possible. 

In (non-experimental) empirical economic research this implies, e.g., that equa­
tions fi-om published papers should more often be re-estimated by others than it is 
done today.̂ ^ To be able to do this, it is necessary that the data which are em­
ployed are available for others. In this sense, already today there are some journals 
which demand that the data which are used in the papers published in the journal 
are made publicly available (e.g., via the intemet).^^ This should cause no prob­
lems as long as only data are used which are provided by public institutions. Prob­
lems can arise if the data are collected by private firms for commercial reasons. 
But also if scientists have collected their own data they will hardly be willing to 
make them publicly available as long as they did not make fiiU use of them. In both 
cases, however, it can be demanded that the data are made available to the public 
after a certain period of time.̂ "* 

With respect to the question of the objectivity of scientific reports it has addi­
tionally to be taken into account that scientific experts who get their mandate fi-om 
interest groups are in many cases neither able nor willing to do anything else than 
to support the political objectives of their clients. This holds even if they are in no 
way corrupt. First, a report not in support of the political objectives of the client 
will - with high probability - never be presented to the general public. This alone 
ensures that the published reports are (largely) supporting the objectives of the cli-

30 

31 

32 

See G. Kirchgassner (2003). 
On the position of constitutional economics see, e.g., Buchanan (1987a, 1987b). 
As the results of the 'Journal of Money, Credit, and Banking-Project' show, it is very 
often impossible to replicate the results exactly. See for this Dewald, Thursby, and 
Anderson (1986) as well as Anderson and Dewald (1994). 
This holds, e.g., for the Journal of Applied Econometrics, the Journal of Human Re­
sources, or the Journal of Business and Economic Statistics, as long as there are no 
problems of data protection. 
An additional problem arises if opinion poll data are used which can - for technical 
or financial reasons - not be reproduced. See for this Kirchgassner (1992: 16f.). 
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ent. Second, an expert who presents results which contradict the objectives of 
his/her client might get no fiirther mandate. Consequently, the selection of the ex­
perts by clients leads to a substantial convergence of interests of clients and ex­
perts. We observe a similar process in the market for scientific reports as, follow­
ing Adam Smith (1776), it has aheady been described by Alchian (1950) and 
Friedman (1953): (i) The self-interest of the experts provides incentives for them 
to help their clients to reach their political objectives, (ii) Even if all experts only 
support those political objectives of which they are personally convinced and 
which they believe to be justified (in a moral way), the selection mechanism gen­
erates an assignment between clients and experts such that finally the political ob­
jectives of clients and experts are largely corresponding. In this game all experts 
may survive, but only under the protection of specific clients. 'Objectivity' in this 
game can only be reached approximately and only by a public discourse. 

5 Concluding Remarks 

But if all this is the case, why is economic policy advice demanded at all? What is 
the benefit a political party or an interest group can get if it pays for a report which 
(at least to a large extent) has the content which is demanded? If, as economic the­
ory supposes, people have rational expectations, they will see through the game 
and will hardly be impressed by such reports. But if they have no effect, why is 
there a demand for such reports, why are governments, political parties and inter­
est groups paying quite a lot of money for them? If they also have rational expecta­
tions, should they not dispense with them? 

The possibility mentioned above that by the exchange of arguments a (socially) 
better solution can be reached does not play a role here because we face the situa­
tion of the production for a public good for which rational individuals (under the 
usual assumptions) hardly make considerable volimtary contributions. Moreover, 
especially with respect to interest groups, the assumption of altruistic behaviour 
seems to be extremely implausible. This also holds for NGOs or for groups of en­
vironmentalists. Especially if they 'know' what has to be done, they might (and of­
ten actually do) make contributions to the public good itself (or what they presume 
that the public good is), but they would hardly waste money on reports if they be­
lieve that these would have no effect. Thus, spending money for reports does not 
seem to be compatible with rational expectations of the clients as well as of the 
general public. This holds at least as long as the purpose of these reports is to have 
an impact on the decisions of the general public and/or their elected representa­
tives, i.e. as long as these are not (purely) technical reports. 

Such an argument overlooks, however, that interest groups have a strong de­
mand for good and convincing arguments. (This holds especially in the direct de­
mocracy, but at least to some extent also in a purely representative democratic sys­
tem.) A rationally enlightened general public knows cui bono an argument is 
presented, and it also takes into account that arguments supported by scientists are 
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weapons in the battle of interests. Nevertheless, it is able to distinguish between 
'good' and 'bad', more or less convincing arguments. While the former are per­
haps able to change their convictions, the latter ones surely cannot. Scientists, 
however, are - or are at least supposed to be - specialists in producing 'good' 
arguments. Therefore it makes sense that interest groups and political parties de­
mand scientific advice. And if one side presents scientific reports, the other side 
has hardly any other possibility than to do the same. 

This also implies that the clients have an interest in advice of high quality: The 
arguments which are put forward by the scientists should be convincing in the 
political discourse. Thus, when selecting experts, parties and/or interest groups do 
not only consider their (assumed) political ideology but also their reputation. This 
reputation does not only depend on their former advisory activities but also on 
their scientific (and possibly also their rhetoric) reputation. Thus, the clients have 
self-interest in demanding scientifically sound reports which increase the chances 
to find 'good' solutions, if this holds for (nearly) all parties involved in the politi­
cal discourse. 

How such a process might work can be illustrated with our example of the eco­
logical tax reform. Scientific reports have been financed by different interested 
parties, and the results - especially with respect to labour market effects - were 
quite different and more or less in line with the interests of the clients who paid for 
them. The discussion in the meantime showed that, first of all, such a reform might 
help to reduce unemployment somewhat, but that it is neither the panacea of 
Europe's labour market problems nor the job killer which has been announced it 
will be. On the contrary, most simulations show that the labour market effects are 
rather modest. Second, the discussion has shown that the effects which are finally 
to be expected depend on quite a lot of details which have to be taken into account. 
The German realisation of the ecological tax reform is, e.g., certainly not the ideal 
one.̂ ^ But the discussion of this project which took place in Europe within the last 
ten years has, at least in my opinion, definitely brought many valuable new in­
sights. Insofar, this is an example of how economic policy advice can - besides all 
ideological disputes - improve our (still very limited) knowledge about how the 
world works and how an effective and sustainable environmental policy might look 
like. 
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Abstract. Firstly, the paper describes and compares the evolution - in theory -
and the application in practice of various market-based approaches and instru­
ments, inter alia the Ecological Tax Reform (ETR). Secondly, it provides insights 
in the history and the more than 20 years of debate on a potential ETR in Ger­
many. Thirdly, the design and the phase of implementation of the ETR in Ger­
many from 1999 on are described and analysed. Fourthly, the manifold and am­
bivalent experiences with the ETR are presented. Finally, conclusions for political 
considerations, design, implementation and marketing aspects are drawn. 

1 Introduction 

This contribution refers to the two articles from a) Gebhard Kirchgassner and b) 
Friedrich Schneider/Hannelore Weck-Hannemann in this volume. These articles 
aim at describing the political economy of the Ecological Tax Reform (ETR) from 
a mainly theoretical point of view and comprise illustrative elements from prac­
tice. In what follows, these articles are contrasted with experiences and practices 
the author has gathered during more than a decade. Half of the time he spent at the 
Wuppertal Institute, partly also at the European Environment Agency, himself as 
policy advisor on that topic. For the last six years, however, he worked with the 
German Federal Ministry for the Environment, Nature Conservation and Nuclear 

I am most grateful for very valuable comments from my colleague Astrid Hamisch on 
a draft version of this paper. Florian Keppler also kindly made helpful remarks on a 
draft version. 
This article is written on the author's private capacity and must not be associated to 
any institution. 
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Safety (www.bmu.de). There he is Assistant Head of Division in the Working 
Group on Environment and Energy, Climate Protection Programme of the Federal 
Government and responsible for the ETR. He has been very much involved in the 
discussion, design, decision making, implementation and marketing of the ETR in 
Germany, introduced in April 1999, half a year after the change of government 
towards a red/social-democratic-green one. 

Yet, as policy advisor at the Wuppertal Institute he had already been involved 
in advising the previous conservative-liberal government in 1995. Together with 
Ernst Ulrich von Weizsacker, Henner Ehringhaus, Anselm Gorres and others he 
founded the association Green Budget Germany (Forderverein Okologische Steu-
erreform - www.eco-tax.info) back in 1994 to promote and accelerate the imple­
mentation of an ETR in Germany, since 2001 he is Vice-President. The following 
article is written on his personal capacity. 

This article presents several experiences with the ETR in Germany, partly tak­
ing into account other countries' experiences, highlighting interesting examples in 
the context of political advice and political economy. The history and the experi­
ences with the implementation of an ETR demonstrated that there were different 
waves of public debate and also of policy approaches and instrument choices. In­
dustry successfiiUy delayed effective government actions as soon as its initially 
own demand for more market-based instruments came too close to implementa­
tion. It followed a policy approach hopping from one instrument to another mostly 
just before implementation became serious. The policy sequence started from 
command-and-control with ordinances and regulations, going on with environ­
mental agreements and taxes and finally emissions trading. However, not accept­
ing industry's own target under the environmental agreement when it came to nail­
ing down a target for the emissions trading caused enormous damage to the 
credibility of environmental agreements. Given this experience, it remains to be 
seen to what extent governments are still willing to accept such agreements. 

Policy advice on ETR was particularly critical in the phase of gaining political 
support before its implementation, but also after its implementation when fiirther 
improvements had to be made. However, given the brain drain after the change of 
government, and the many studies beforehand made government less dependant 
on policy advice in the implementation phase in this special case. It is not easy to 
generalise the process and explore the lessons learned in order to help other coun­
tries which are also working on the implementation of economic policy instru­
ments. Every country has a very special set of actors including the influence of 
certain people as it is explained for the German case in this paper. It is, however, 
important to really bring together different actors from the political parties, the bu­
reaucracies, scientific institutions, industries and environmental NGOs with their 
counterparts in other countries to allow for creating a good network and for ensur­
ing that the same "language" is spoken by the stakeholders. Such a transfer e.g. 
was agreed between the Czech Ministry for the Environment and the German 
Ministry for the Environment back in 2002. This successfiil approach is about to 
be enlarged to other countries. 

http://www.bmu.de
http://www.eco-tax.info
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2 Comparison of Policy Approaches and Instruments 

In current climate policy at least four seemingly competing policy approaches and 
instruments^ are often discussed and implemented, although at partly different 
stages and times: ordinances/regulations as an element of a traditionally dominat­
ing command-and-control policy, envfronmental agreements, emissions trading 
and ETR. All of them are often part of overarching policy programmes, such as 
the climate protection programme. Several countries have introduced different ap­
proaches and implemented different instruments to various degrees. The evolu­
tion, in theory and practice, of these approaches and instruments is yet very differ­
ent and it is of practical and theoretical interest to compare these different paths of 
development. In the following I will therefore first of all explore the use of policy 
approaches in Germany regarding climate change taking into account sequences 
and mixes of different policies. More concrete data and examples are provided in 
the next chapter on the historical aspects. 

Traditionally, since the launch of active environmental policies in the late 
1960s, envfronmental policies have been dominated by more or less strong regula­
tions and can therefore be characterised as command-and-control policies. Envi­
ronmental agreements were introduced at a later stage. They were basically in­
vented by the bureaucracy and the political decision makers, more or less jointly 
with industry. Ffrst introduced in the 1970s for some particular, relatively clear cut 
problems, they were also used from the late 1980s, early 1990s on to combat 
global problems such as the depletion of the ozone layer and climate change. The 
following remarks refer basically to agreements on climate change. Before they 
were implemented there was hardly any theoretical economic literature on such 
agreements providing a rationale for thefr application. Also, policy advice virtu­
ally was not existing, given there was no real theory about different policy ap­
proaches in this area. So why did bureaucracy invent and apply such an instrument 
unknown or at least neglected in theory? 

One may argue the instrument reflects some features of the Coase Theorem 
(Coase, 1960) given the element of seemingly voluntary negotiations. This may be 
true to a certain extent, but here it is government itself as one of the stakeholders 
and not two other subjects of society. And would bureaucracy really care about 
Coase and theories? The thesis presented here is that bureaucracy invented this in­
strument, because the phase of pure command-and-control policy was gone while 
an increasingly stronger demand for so-called market based instruments had 
emerged. In fact, it was industry itself which claimed that there should be less 
command-and-control envfronmental policies, but more market-based instruments 
in order to achieve targets cost-efficiently according to market mechanisms. This 
claim was made during more than a decade in the 1980s and early 1990s without 
substantial changes in the real instrumental mix. 

However, there was one important exception which is the waste water charge. 
The idea for this instrument first came up in Germany around 1971, (BMI, 1974), 

The terms policy approach and instrument are partly used synonymously. 
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following examples of then Czechoslovakia, the then German Democratic Repub­
lic, France, the Netherlands, Poland and Hungary (Liihr, 1989: 432). They had 
adopted this instrument, still some only on paper. In 1974, the German govern­
ment drafted a law, which was adopted in 1976, and entered into force in 1978. 
Still, the first payment of the charge was due only in 1981, progressively increas­
ing to its initially agreed full amount until 1985 - quite a long way from the first 
draft law to its interim final full rate. Later on further increases were made. 

Apart from this exception, it took some time until finally in the mid-1990s in­
dustry's demands were taken more seriously and market-based instruments such 
as the ETR were intensively discussed, designed and gradually became more 
likely to be implemented. And just as a market-based approach became more con­
crete and at the edge of implementation, industry changed its positions and asked 
for more flexible approaches and instruments. This appears a bit surprising, al­
though not really if the real interests are considered. With such instruments emerg­
ing on the political horizon, practically most of the negotiation power of industry 
would have gone which industry had during the mostly comfortable times of 
command-and-control; or at least of command and the attempt to control. One 
could even question who is commanding and who is controlling - depending on 
the counterfactual, since this kind of policy requires capacities and information for 
monitoring, controlling, enforcing and eventually applying sanctions, if existing at 
all. And it is exactly the partial lack of such capacities and information which of­
fers large negotiation power to industry. 

At the same time, in the late 1980s and early 1990s, international negotiations 
developed and conventions and protocols on global problems such as the Montreal 
Protocol on the depletion of the ozone layer and the United Nations Framework 
Convention on Climate Change (UNFCCC) were adopted. Given learning proc­
esses within companies and increasing international pressure, different industries 
per se became more interested in shaping policy instruments regarding the envi­
ronment also in order to establish comparative advantages. Presumably organisa­
tions like the World Business Council on Sustainable Development (WBCSD) fa­
cilitated, if not accelerated, such a learning process. Environmental catastrophes 
and mismanagement and/or insufficient communication related to such disasters 
contributed to this process. On the national level, organisations of progressive 
companies were founded - BAUM, future and Untemehmensgriin being the most 
important in Germany. 

Coming back again to the national agenda, allowing for the application of mar­
ket-based instruments appears to endanger industry's power since it would be the 
market forces that push industry towards a certain behaviour and investment. And 
- as entrepreneurs know very well - you cannot run counter market forces for a 
longer time. These forces are too strong. Industry's negotiation power would have 
gone. In Germany, there was not only the demand for market-based instruments, 
but at the same time a proposal for implementing a waste heat ordinance was put 
forward in the early 1990s, an element of a strengthened command-and-control 
policy, though intending to ask for implementing only profitable energy saving 
measures. This aimed at unveiling all energy saving potentials in industry by gath­
ering and making available a bulk of information, so far only in industry's hands. 
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Furthermore the international public was looking more closely at Germany as 
the first Conference of the Parties (COP 1) of the United Nations Framework 
Convention on Climate Change (UNFCCC) was to take place in Berlin in 1995. 
Apart from the German government setting ambitious national targets (-25% CO2-
reduction by 2005 against 1990-levels) expectations were high that German indus­
try should contribute to greenhouse gas emissions reductions. Against this multi­
ple challenge industry moved a step out of the pressure of expectations and poten­
tial instruments by launching a self-commitment in March 1995 (BDI, 1995a) 
which was updated in 1996 though without substantial improvements (BDI, 1996). 
It was prepared in a joint effort of industry and bureaucracy (Ministry for Envi­
ronment and Ministry for Economic Affairs) - basically to avoid the other instru­
ments discussed. 

Here it becomes evident that these environmental agreements were not at all 
voluntary, but only a somewhat forced reaction on the pressure emerging through 
the discussion of alternative instruments (Fischedick et al , 1995 and Rennings, 
1996). Hence, the term voluntary is not used here - besides in line with the official 
terminology of the European Commission (1997 and 1996) and the European En­
vironment Agency (1997). 

After the change of the German government in 1998 - by the way, the first time 
ever in Germany that the population voted directly for a change; before the gov­
ernment changed during a legislative period - , the ETR was implemented in Ger­
many from April 1999 on, and industry had apparently lost the battle against this 
market-based instrument as such. Still, industry had tremendous impact on the de­
sign of the ETR as described in more detail below. 

Finally, an even more market-based instrument was emerging on the EU hori­
zon: emissions trading. Emissions trading is a theoretical environmental concept 
developed decades ago, though basically applied in the USA. EU Member States 
hardly have experience with that. Ironically, it was the USA that insisted on emis­
sions trading during the negotiation of the Kyoto Protocol which they now refiise 
to ratify themselves. German industry in particular succeeded in delaying and 
fighting against emissions trading for general reasons and a lot of misperceptions. 
It almost succeeded, strangely enough at least, to isolate Germany in the EU, the 
country often perceived as frontrunner. Thanks also to the support of some big 
global players like BP and Shell who had experienced the enormous economic and 
environmental advantages of emissions trading due to the implementation of these 
instruments within their own company, the German position became eventually 
positive, though never enthusiastic (BMU and BMWI, 2002). 

However, in the end the EU emissions trading directive was adopted (on EU 
level) and the national implementation plans were due by the 31^* of March 2004 
(BMU, 2004a,b). In fact, Germany, as one of the very few Member States of the 
EU, succeeded to deliver its National Allocation Plan (NAP) just in time on that 
day. But the price was high from an environmental point of view. Whereas the 
Environment Minister proposed to take the above mentioned environmental 
agreement on climate change (together with a subsequent agreement on the in­
crease of cogeneration) and the therein mentioned overall target respectively 
commitment of emission reductions as base line for the emissions trading alloca-
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tion, industry opposed strongly. Industry fought heavily against this objectively 
fair approach, although it did not ask for more than industry itself had promised to 
reduce voluntarily anyway. In the end, industry succeeded in almost escaping any 
reduction commitment in the first budget period (2005-2007). The thesis of many 
economists that these environmental agreements would not comprise any addi­
tional measure compared with the business as usual was more than confirmed. In 
fact, apparently they even had less substance given the fact that their target was 
not accepted as basis for emissions trading (BUND, 2004). 

The initial claim for an increased use of market-based instruments by industry 
apparently was just a means to delay or avoid additional regulation (in the mean­
ing of policy) - independent of the kind of instrument. Strangely enough, the bar­
gaining for the allocation of emission credits and the final targets set for industry 
demonstrated impressively that even within such an instrument there can be strong 
negotiation power. In fact, in such a way, even market-based instruments can get 
very close to command-and-control policy, including an inefficient allocation. 
However, this is the case for the first allocation/target setting, but less likely for 
the operational phase of emissions trading. 

But what role did policy advice play? The thesis here is that for the implemen­
tation of an ETR most aspects had been well examined beforehand - minor excep­
tions are presented in the chapter on the design and implementation of an ETR in 
Germany. Thus particular policy advice was hardly needed. For the emissions 
trading such advice was not available in the Ministry. Given a very tough time 
schedule, it was necessary to get policy advice in every day's processes. To that 
end, several researchers were asked to work as closely with the Ministry partly 
even in house, as possible to allow for immediate comments on any emerging as­
pects. 

Concluding on these policy approaches and instrumental developments and the 
varying claims for instruments, industry's position could be considered as "in­
strument hopping" or it is like "zapping from one instrument to another" - always 
ahead of implementation. It became fairly clear that from an industry point of 
view, voluntary agreements are the preferred way to go. The attempts of combin­
ing a cap and trade approach with environmental agreements, has been widely 
seen as unnecessary state intervention, although the idea clearly is to reduce emis­
sions in an economically efficient manner and to provide a secure framework for 
potential investments. Claims for market-based instruments appear to serve the 
purpose of delaying and avoiding any action. And by not accepting the initial tar­
gets for emissions trading on the basis of the environmental agreement industry 
succeeded in ruining the credibility of the instrument of environmental agreements 
- ironically the one once favoured so much by itself 

3 History of ETR 

The conclusions of the previous chapter also apply to the ETR. For more than 20 
years protagonists discussed ETR, publications were made much more than on any 
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other instrument (except for command-and-control). Actually, it was back in 1983 
that the Swiss economist Hans-Christoph Binswanger, together with Hans Nutz-
inger and Heinz Frisch (Binswanger et al , 1983), had invented the ETR. This idea 
was picked up by others, such as the leader of the Institute for European Envfron-
menal Policy (lEEP), Ernst von Weizsacker. Environmental organisations like the 
German section of Friends of the Earth or BUND, worked on it more in depth. 
Parties started to getting interested. However, the first larger round of public de­
bate was triggered in 1988 by an unconventional proposal laid down in a study by 
the Heidelberg based Environment and Prognosis Institute (UPI, 1988): All con­
ventional taxes should be replaced by different kinds of environmental taxes. 
Given the increasing debate, the Federal Association of German Industry 
(Bundesverband der Deutschen Industrie - BDI) had also commissioned a study to 
explore the value of an ETR. Very likely against its expectations, the study by the 
Institute for Fiscal Research Studies at the University of Cologne found that it 
made indeed sense. At least BDI was fan enough to allow for the publication of 
the study (BDI, 1995b). Though the issue was picked up by Environmental Parties 
and Social Democrats the unification of the two German states made environ­
mental issues drop down the political agenda - including the issue of ETR. This 
study reminded one of the study that BDI had asked from the economist Werner 
MeiBner at Frankfrirt University back in 1978 (MeiBner and Hodl, 1978). He 
should examine the overall job impacts of advanced environmental policies. In­
dustry was likely considering environmental protection as a job killer, searching 
for arguments to underline its thesis. But in fact he found that the balance is posi­
tive. This demonstrates the importance of independent policy advice. Other stake­
holders were, of course, very interested in these results. 

A second round of public debate was initiated by a study of the German Insti­
tute for Economic Research (DIW, 1994), commissioned by Greenpeace and pub­
lished in 1994. For the very first time it simulated an ETR in Germany and its 
overall impacts on growth, employment and energy consumption. Its findings con­
firmed the so-called double dividend thesis as up to 800,000 additional jobs were 
predicted until 2005, while C02-emissions would drop by 14%. Now, policy 
started to get very excited about ETR. Practically all parties were somewhat in fa­
vour of it (Schlegelmilch, 1995). In February 1995, the Leader of the conservative 
group in the Parliament, Wolfgang Schauble, asked his deputy, Hans-Peter Rep-
nik, to develop a concept for an ETR, even if Germany had to go this path alone. 
All at a sudden, the Greens felt "their" issue and idea would be occupied by the 
conservatives and a competing race between the parties started following the line 
"who is first to present a concept for an ETR which could be implemented in 
Germany". And, in fact, the conservatives soon had an internal paper drafted, to 
which one could have subscribed. But finally, it was the Greens and the Social 
Democrats winning this race. But the internal paper of the conservatives from 
May 1995 (CDU, 1995) was watered down within the party, mainly by the agri­
cultural lobby and Bavaria. The outcoming official paper of the conservatives in 
November 1995 comprised no longer ambitious energy tax proposals as yet in the 
internal paper to which one could have subscribed. But it contained lots of subsi­
dies for environmentally-fiiendly behaviour and investments. Where the money 
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should come from to finance that remained unsolved. By the end of 1995, it was 
found out later (Krebs and Reiche, 1997), a meeting between Chancellor Helmut 
Kohl, Jiirgen F. Strube, the Chief Executive Officer of BASF, the large chemical 
company (in which Helmut Kohl once made his training as student), and the 
President of the Federal Association of German Industry, Hans-Olaf Henkel, had 
taken place in which Helmut Kohl promised that as long as he would be Chancel­
lor no ecotax would be introduced. With that turning point, the protagonist of an 
ETR, Wolfgang Schauble had to withdraw from his idea which he in fact did pub­
licly at the end of 1995. As a consequence the debate was bogged down in the pol­
icy arena afterwards again. 

This discussion and development was certainly also negatively influenced by 
the fact that the DIW study from 1994 had not calculated any exemptions for 
business. Hence a few energy-intensive sectors would have been hit quite 
strongly. This was likely the moment when industry started to fight ETR more of­
fensively and changed its more or less neutral or vaguely positive attitude. This is 
somewhat hard to understand given that the majority of industry would be win­
ning. 

On the evening of the 8th of November 1994, Green Budget Germany (GBG -
Forderverein Okologische Steuerreform - FOS) was founded by ETR protago­
nists. The intention was to bridge the way for industry to agree to an ETR since 
the DIW study had apparently impacted the opposite. Ever since it is a small, but 
partly influential association with good political contacts and the scientific capac­
ity to analyse features appropriately. GBG, however, did not succeed in getting 
industry agree to ETR, but at least clarified that it all depends on a good design 
and that it is not a question per se as to whether to condemn an ETR or as to 
whether to praise an ETR. 

Another study by the Rhine-Westphalian Institute for Economic Research in 
1996 (RWI, 1996) created confiision. In an unusual way it had presented prelimi­
nary findings in a press conference. It should demonstrate that overall there would 
be substantial job losses in the energy-intensive industry, particularly in North-
Rhine-Westphalia. Numbers were mentioned which seemed to show that. But the 
reaction from the then Minister President (now Federal Minister of Economic Af­
fairs) Wolfgang Clement was such that a government would never design an ETR 
in such a way that there would be such substantial job losses. Apparently, the de­
sign was considered crucial, while the idea as such was still attractive (Luhmann, 
1996). When looking closer at the short version of the RWI study published quite 
some time afterwards, one was struck by the results. In a table one could find the 
negative job balance (-400,000) - and in the text one could find statements like: 
"There are also positive job impacts in other sectors" and "the overall impact is 
not necessarily positive". However, the positive impacts have not been quantified 
and put in the same table as the losses. Tricky idea one could argue. The impres­
sion that remains in the public is that the overall impact is negative. But serious 
science and helpfixl policy advice looks different. Furthermore, the announced 
comprehensive study has never been published - at least not until mid 2004. The 
suspicion is that this was an attempt to bring down enthusiasm for an ETR - and it 
succeeded, at least for some time. 
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In the run up to the elections in 1998, the German Association of Natural Pro­
tection (Deutscher Naturschutzring - DNR) started a campaign, funded by the 
Heinrich-BoU-Foundation, closely linked to the Green Party, in which it promoted 
an ETR and gathered support from 80 scientists, 200 companies, trade unions and 
many more (DNR, 2004). A general book on ETR was also published for this 
campaign (Krebs et al., 1998). Generally, one could look back at a broad coalition 
of stakeholders in favour of ETR. This is important to remember when consider­
ing the fiirther development and acceptance. In March 1998, the Green Party had 
(again - as several times before) adopted its position to increase transport fiiel 
taxes up to 5 DM, about 2.56 €, per litre until 2010. This claim had been put for­
ward initially by the Council on Environmental Advisers several years before. 
However, this scientifically sound and justified demand was considered as a big 
threat by the public since the time span until 2010 was more or less neglected, po­
tentials for structural changes and a large fleet of low-consuming cars were not 
taken into account. The public debate almost made the Greens stumble. 

Another danger emerged from the Federal Association of German Industry 
(BDI) in summer 1998. One of its committees planned to launch a brochure on the 
job losses if an ETR was to be implemented. Likely BDI intended to publish this 
in a large number of issues in many companies and disseminate it to their employ­
ees. Somewhat by chance, this campaign fortunately never took off the ground. In 
a drafting stage, protagonists of an ETR received an informal hint. The draft leaf­
let was fiill of unproven statements and potential horror scenarios - all based only 
on the thesis that an ETR would in any case imply tremendous reallocations and 
thus job losses. However, several countries had already introduced an ETR suc-
cessfiilly whilst improving their employment situation (Schlegelmilch, 1999). The 
only way to prevent a similar debate as in spring 1998, but now just before the 
elections was to make BDFs supposed intention public and to show that these 
statements were superfluous and based on wrong assumptions. Otherwise one 
could well imagine that the debate would have been timed just before the elections 
triggering an irrational debate influencing the public opinion in a way that facts 
could hardly have time to reach people's attention. Hence, the author decided to 
go ahead and unveil this plan (Schlegelmilch, 1998) - still risking to be on the 
black list of BDI ever since. 

However, they did not only survive this difficult period, but the Greens and So­
cial Democrats then even formed the first red-green government in Germany. In 
fact, in terms of numbers another constellation would have been feasible, too. The 
Social Democrats could have chosen - as before in the 1970s until 1982 - the Lib­
eral Democrats as partners. Besides, the Liberals in Germany are - unlike their 
partners in the United Kingdom - much less environmentally progressive. But, 
maybe because Oskar Lafontaine as party leader had substantial influence at that 
time, the Greens, his preference, were chosen. In addition, there were similar con­
stellations in the important Land North-Rhine-Westphalia. Equivalent structures 
on the federal level would make politics easier. This was likely the crucial deci­
sion which helped the ETR to come on the agenda for implementation. 
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4 Design and Implementation of the ETR in Germany 

Major parts of the design, the implementation and the environmental impacts are 
well described and laid down in detail in a paper from the German Federal Minis­
try for the Environment, Nature Conservation and Nuclear Safety (BMU, 2004c). 
Hence, it is generally referred to and only very briefly summarised here. In a nut­
shell, energy taxes were introduced or increased in overall five small steps, an­
nounced ahead. The revenue was used to lower social security contributions to the 
pensions fixnd, a minor part of more than 10% were used to favour environmental 
fuels, techniques and behaviour. Overall about 2% of total taxes and levies were 
shifted from labour towards energy/resource use in an almost revenue neutral way. 
In the following, aspects of policy advice are at the core of debate, and in the next 
chapter, the focus is on environmental impacts and experiences with public reac­
tions. When the government and others reflected on how to best implement the 
ETR, it turned out that basically three issues had not yet been solved from the pol­
icy advisor side: 
- How to exempt electricity from renewables from the electricity tax? 
- How to treat and possibly differentiate business? 
- How to take social aspects better into account? 

Here, although Germany has had a debate of about 15 years and several dozens 
of studies, at least one dozen being of some practical use, good advice that could 
now be implemented as the window of opportunity had come, was missing. Since 
the implementation in 1999, at least better ideas have been developed on how to 
answer those questions, though only partly been implemented. Even though re­
searchers and policy advisors were closely involved in the design phase of the 
ETR no real valuable idea for answering these questions was put forward that 
could have been implemented. Overall three hearings took place in the Finance 
Committee of the German Bundestag to receive advice from all kinds of stake­
holders. In several parts, also a kind of brain drain was visible were protagonists 
of an ETR now came into positions in the government or parliament which al­
lowed for directly influencing the process and decision making. 

5 Experiences with the ETR in Germany 

As mentioned in the last chapter, experiences are described and laid down in detail 
in a paper from the German Federal Ministry for the Environment, Nature Con­
servation and Nuclear Safety (BMU, 2004c). In the following, some particular as­
pects are selected and discussed, clearly more informal than it could be done in an 
official paper. The experiences were very ambivalent. The idea of an ETR was not 
well understood, particularly the fact that revenues were put into the pensions fimd 
and were not used for environmental purposes. Many did not even realise that 
their social security contributions to this pensions fimd had been reduced. Fur­
thermore, the acceptance was only moderate since people did not like paying 
higher energy taxes while the world oil price increase was pushing gasoline prices 
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up at the same time. Some even argued that spending more money on the pensions 
ftind would delay any serious reforms in Germany's pension system. In fact, it 
turned out later that this had been a major motivation for some influential political 
leaders. 

There were always two schools of how to use the revenues: One argued one 
should not increase total influence of the state and thus reduce other more distort­
ing taxes and levies. This was dominant in the 1990s and also adopted by the 
broad majority of protagonists, and clearly also from environmental NGOs where 
this position would not seem self-evident. Others argued that one should use the 
money for financing structural changes in transport, energy, agriculture and other 
sectors. This would imply an increase of the state quota, but ensure an acceleration 
of the structural change and hence the target would likely be reached earlier. The 
former school eventually succeeded, but for acceptance reasons, the extent to 
which the latter school gained influence increased over time. The latter found its 
way to implementation by an increased spending for modernising the buildings 
stock from 2003 on. 

In fact, it turned out that the political agreement to spend major parts for reduc­
ing labour costs was absolutely essential for the ETR to survive the major public 
debate in 2000. Had there been no planning and announcement to use the revenues 
for lowering the pensions ftind contribution and had the lowering of the high un­
employment in Germany not been the absolute top priority, the ETR would have 
been stopped very likely by Chancellor Schroder in autumn 2000. He would not 
have continued the ETR making his government unpopular if the revenues were 
basically spent for some prestigious environmental projects. Only a strong fiscal 
driver can ensure the political survival of an ETR in critical situations. 

In autumn 2000, when the world oil prices had quadrupled within the last 18 
months, some tabloids blamed the increase of about 60 pfennigs (or around 0.30 
€) on the ecotax, although only one quarter, 12 pfennigs (0.06 €) could seriously 
be attributed to the ecotax. The other part was due to the increasing world oil price 
and exchange rate of the US-dollar. Even worse, major parts of the opposition, and 
even protagonists of an ETR from the conservatives in the mid-1990s, including 
the former Environment Minister and now party leader of the conservative party, 
Angela Merkel, used the political situation to blame high fiiel prices on the gov­
ernment as well. This situation did not make it easier for the government to com­
municate the facts and apparently given this debate the public is still influenced 
and there is no broad acceptance, but this varies around 30-50%. Somewhat en­
couraging is the general acceptance for lowering taxes for those who burden the 
environment less as polls show. 

It was a bit schizophrenic that on the one hand the government offered a mar­
ket-based instrument where the decision where, when, how and whether to save 
energy was left up to every individual's decision to allow for maximum flexibility 
and freedom and thus a very cost-efficient approach - as often claimed. But on the 
other hand, people always and still do claim that the "good" government would 
certainly know best how to spend the money for the environment and thus it 
should also do accordingly, but not use it for something else like the pensions 
fimd, implying a higher state influence, opposed in general. People expected envi-
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ronmental impacts to stem from the use of the revenues, whereas the government 
expected environmental impacts to stem from the tax incentive itself 

Reality finally confirmed the government's point of view. The environmental 
impacts became clearly visible - although hardly any money was used for envi­
ronmental purposes. According to figures from the Federal Statistical Office, fuel 
consumption in road traffic (in each case, figures are based on amounts of mineral 
oil taxed in Germany) has been decreasing continually, with decreases of 2.8% in 
2000, 1.0% in 2001, 2.3% in 2002 and 3.5% in 2003. The biggest contribution to 
this development was petrol sales, which fell by 4.5% in 2000, by 3.0% in 2001, 
by 3.3% in 2002 and by an additional 4.3% in 2003. In 2000, 2002 and 2003, sales 
of diesel fuel decreased by 0.7, 1.2 and 1.6%, respectively. A slight increase was 
registered for diesel fuel in 2001, although this increase, at 1.4%, was much 
smaller than that seen in 1999 (+4.7%). The reasons given for this decrease in­
clude efficient, more reserved driving habits and overall mileage reductions, due 
to the higher petrol prices, and the lower specific mileage fuel consumption of 
new vehicles. 

Goods transports on roads have also decreased in the past few years. The Fed­
eral Statistical Office reports that tonnage in road transport of goods decreased by 
2.9%> in 2001, 4.3% in 2002 and 1.5%) in 2003. Decreases in railway goods trans­
port levels, at 1.6% in 2001 and 1.1% in 2002, were smaller than in the road trans­
port sector. In 2003, railway goods transports actually increased by 4%. Transport 
companies are responding to the increased adaptation pressures by using their ve­
hicles more and more efficiently. Pursuant to the Federal Office for Goods Trans­
ports, total no-load mileage of German trucks, as a percentage of total mileage, 
has continued to decrease, while the percentage share of with-load kilometres has 
increased further - in 2000, somewhat more strongly than in the years before: 
With-load kilometres as a percentage share of total kilometres increased from 
71.4% in 1995 to 73.4% in 1998, to 74.1% in 1999 and to 75.3% in 2000. 

In addition, in recent years the numbers of passengers travelling by public 
transport have begun increasing again. Following a downward trend in the num­
bers of passengers using local public transport up to 1998, these numbers again 
registered constant increases over five consecutive years. According to the Federal 
Statistical Office, the numbers of people using local public transportation have 
grown continuously since 1999: +0.4% in 1999; +0.8% in 2000; +0.8% in 2001; 
+0.5% in 2002 and +1.5% in 2003. 

According to CarSharing, a nation-wide umbrella association of car-sharing 
providers, the numbers of people who are members of car-sharing agencies and 
who use their services increased by 26%) in 2000, by 22%) in 2001, by 8% in 2002 
and by 15% in 2003 (in each case, the increases are with regard to the previous 
year). 

The climate, the environment, the job market and innovative enterprises all 
benefit from the ecological tax reform, as the reform makes it possible to reduce 
automobile traffic, with its high external costs; replaces automobile transports 
with more environmentally sound modes of transport; and reduces energy con­
sumption and the related environmental pollution by promoting use of alternative 
fuels. These positive trends need to be reinforced via a reliable framework; a reli-
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able planning framework is one of the keys to energy-saving investments, which 
can take a number of years to pay off 

The Environmental Protection Agency has just released a report on the empiri­
cal impacts of the ETR. It finds that, in reality, the impacts of the ETR are often 
much better and brought about more benefits than generally perceived. It particu­
larly demonstrates several concrete companies, large and small ones, which 
clearly benefited from the ETR (Umweltbundesamt 2004). 

Strictly scientifically, not all of those phenomena can be attributed fiiUy to the 
ETR, and some is certainly also due to the high oil price. However, given people's 
perception that most of the fixel price increases is due to ETR (though e.g. in 2000 
only a quarter was attributable to that), it could be justified to argue that the envi­
ronmental dividend as just described could also be claimed by the ETR protago­
nists. And perceptions are facts and can have strong influences which justifies a 
rather cheeky approach. Nevertheless the message is very clear: Prices matter -
and this has to be enlarged to "Prices and perception/awareness matter". This is all 
that market-based approaches have to proof, either triggered by higher demand as 
seen in 2004 or by ecotaxes as implemented in Germany and other countries. 

The positive impacts of the ETR in Germany were also confirmed by a study in 
2001 by four institutes, led by DIW (Bach et al , 2002). For the transport sector it 
said that C02-emissions would be reduced by 3.84% until 2010 against 1998. Here 
policy advice helped to get more rationality in the public debate, though this was 
basically a study for interested stakeholders. However, the government used the 
findings to underline the appropriateness of the ETR. 

6 Conclusions 

The major conclusions that can be drawn are: 
1. Different waves of public debate on ETR led to an ever increasing chance for 

implementation. 
2. However, industry successfiilly delayed implementation of effective market-

based instruments by instrument hopping and by changing policy approaches 
just as appropriate to that end. 

3. The likely rationale behind this is that once such market-based instruments such 
as ETR are implemented in a more or less text book form, industry would be 
dependant almost completely to market forces. Though often claimed to be 
good, this should, of course, rather never apply to one's own company as one 
knows the radical effectiveness of market-based instruments. Hence, negotia­
tions on the design of an ETR and e.g. emissions trading became very impor­
tant. 

4. A fiscal driver appears to be crucial for the survival of an ETR in crisis situa­
tions, environmental arguments alone will not be sufficient. Fiscal and envi­
ronmental stakeholders should become more aware of their joint interests and 
thus "natural" alliance to exploit their fiill potential for the sake of the environ­
ment and the budget. 
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5. The usefulness of policy advice depends heavily on the phase of the political 
process, the stakeholders and the way it is provided. 

6. It is not easy to generalise the process and explore the lessons learned in order 
to help other countries which are also working on the implementation of eco­
nomic policy instruments. Every country has a very special set of actors includ­
ing the influence of certain people as it is explained for the German case in this 
paper. It is, however, important to really bring together different actors from the 
political parties, the bureaucracies, scientific institutions, industries and envi­
ronmental NGOs with their counterparts in other countries to allow for creating 
a good network and for ensuring that the same "language" is spoken by the 
stakeholders. Such a transfer e.g. was agreed between the Czech Ministry for 
the Environment and the German Ministry for the Environment back in 2002. 
This successful approach is about to be enlarged to other coimtries such as Po­
land in 2004. 
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