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ABSTRACT 

Hourcade. J.-C., Salles, J.-M. and ThCry. D., 1992. Ecological economics and scientific 
controversies. Lessons from some recent policy making in the EEC. Ecol. Econ.. 6: 
311-233. 
Contrasting the very limited scientific evidence on the forest dieback issue with the 

sudden adoption of policies on air pollution decided in the FRG (1983-84) and extended to 
the European Community (1985). we propose an interpretative framework for the real 
internalizariorl process at work in what was tantamount to a social crisis for public opinion, 
the media and political actors. We conclude that open scientific controversies on some 
environmental issues (effects, causes, solutions) pave the way for some actors to use the 
issue for their own techno-industrial strategies quite alien to ecological constraints. In cases 
of very high uncertainties on impacts, it becomes impossible to apply conventional social 
cost-benefit analysis (SCBA) as an optimizin g tool. We propose to develop economic 
analysis as a negotiation language and to give pride of place to the value of learning time 
and to the crucial role of technological pluralism as a condition for flexibility in the future. 

INTRODUCTION 

The neo-classical background 

Despite the heterogeneous picture painted by a recent OECD evalua- 
tion (19891, the economic instruments actually implemented in environ- 
mental policies have a common feature. In line with the pigouvian tradi- 
tion, environmental costs are internalized through a collective decision 
taken by public authorities under pressure of public opinion or thanks to 
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the vigilance of experts. In terms of normative economics, progress towards 
Pareto optimality can be expected from this better accounting of collective 
preferences for a sound environment. However, a reverse risk of underesti- 
mating the costs of environmental protection measures with respect to 
productivity and growth is repeatedly underlined from Denison (1979) up 
to ongoing works on the costs of preventive policies in the face of the 
greenhouse effect (Manne and Richells, 1990). The real economic system 
externalizes ecological problems in its routine functioning, and the role of 
the economist is to try to ascertain the “optimal” trade-off between 
ecological costs and economic incomes (Beckerman, 1972a,b). 

The environmental agenda has fundamentally changed over the past two 
decades. Instead of isolated cases, global issues (nuclear hazards, forest 
dieback, ozone layer, greenhouse gases) are now in the limelight. The 
initial theoretical framework is confronted with the challenge of coping 
with some intrinsic characteristics of these global risks. The fundamental 
scientific uncertainties about the complex mechanisms at work in these 
global issues, and even about the reality of some dangers, exacerbate the 
usual implementation difficulties due to threshold effects and to the 
irreversibility dimension. The all-pervasiveness of these global issues, to- 
gether with growing popular awareness, force producers to include them in 
their strategic plans. These global ecological issues are no longer simply an 
externality that an agent must integrate because of a regulation decided by 
a Welfare State in the name of collective interest. They have become de 
facto part and parcel of technological, industrial and economic strategies, 
as shown by the following issues: the demise of civil nuclear programs in 
several countries; the CFC question; the use of environmental norms as 
protectionist tools; the prospects of renewed competition between energy 
sources triggered by the greenhouse effect debate, etc. 

Economic theory has tried to follow this movement either within the 
framework of mainstream economy according to the findings of Henry 
(1974) and Arrow and Fisher (1974) on the treatment of irreversibilities as 
measures of the value of future information, or through alternative 
paradigms such as the procedural analysis of Simon (1976), as opposed to 
substantial rationality or the paradigm of systemics where the Earth consti- 
tutes a unique and finite world (Boulding, 1966) with co-organizationnf 
relations between biosphere and human activity (Godard, 1984). Although 
all these approaches are heuristically efficient, they have not, thus far, 
succeeded in proposing principles for public decisions as the standard 
theory does. Therefore, the dominant movement towards the “economics of 
sustnitrable deL,elopment” (Pearce et al., 1989) keeps advocating the “cost- 
benefit mode of thinking” (Barbier and Pearce, 1990) despite the imple- 
mentation difficulties. 
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New directions 

At a time when global issues and growing awareness tend to disseminate 
the demand for expertise far beyond enterprises and administrations to- 
wards lobbies, political parties and social movements, it is timely to 
reassess the adequacy of economists’ tools in a context dominated by 
scientific controversies on ecological issues. In such cases, can he transfer 
his conventional tools out of their sphere of origin, without weakening their 
relevance, increasing their opacity and losing control of the resulting 
conclusions, up to a point where he may marginalize economic analysis in 
the decision-making process. 

The second section concentrates on the problem of acid rain and forest 
dieback in Europe, considered an archetypical “enuironmentaf crisis” to be 
treated as an emergency by the political sphere because of the perception 
by the public despite the lack of scientific proof. The reader should be 
warned that the debate is not dealt with extensively here. For the purpose 
of clarity the case studies focus on the “French” and “German” positions 
in the controversies; this stylization by no means neglects the role of other 
actors, but will enable us to concentrate on the cross-perceptions between 
these two extreme behaviors. Comparing briefly the energy policies in both 
countries after the oil shocks provides a background to the case study on 
forest dieback. 

The third section proposes an interpretative framework of the de facto 
internalization process at work in a wide range of new environmental 
challenges characterized by the existence of open scientific controversies 
on the reality of dangers, on the quantitative analysis of their causes and on 
the relevant technical solutions. 

The final section underlines the gap between this framework and the 
theoretical principles of conventional environmental economics. We shall 
then try to show the necessity for and the conditions of a drastic modifica- 
tion in the status of cost-benefit analysis for dealing with a wide range of 
environmental controversies. When conventional SCBA can no longer be 
applied as an optimizing tool, we propose to develop economic analysis as a 
negotiation language and to give pride of place to the value of learning 
time and to the crucial role of preserving technological pluralism as a 
condition for future flexibility. 

BEHAVIOR AND STRATEGIES IN THE FACE OF A SUDDEN ISSUE: ACID RAIS 
CRISIS AND ENERGY POLICIES IN EUROPE 

French and German energy strategies: a brief comparison 

In all OECD countries, the adjustments following the oil shock can be 
disaggregated and analyzed as a mix of supply-side and demand-side 
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responses. A striking paradox is that the quantitatively most important 
response - namely the “delinking” of energy consumption and economic 
growth over the period 1973-1957 - was not planned ex ante, but only 
recorded ex post (except for Japan, see Kalaydjian, 1988). Contrary to the 
supply-side responses this delinking did not result from explicit strategies, 
at least until the eighties. 

Beyond obvious dissimilarities and different emphases given to priorities 
such as security, cost minimization or macroeconomic equilibrium, the 
responses had two common features. First they mobilized in each country 
those “national” assets that were conducive to the adjustments, but which 
had been prepared far beforehand quite independently of the sudden new 
context. Second, during the seventies they share a common neglect of 
environmental constraints (Hourcade, 1988). 

After the 1973 oil price shock, France had to mobilize its existing assets 
without sufficient time for preparing anything else. It consistently gave 
priority to the external balance. The demand-side responses were not at 
that time seriously on the discussion agenda because decision makers relied 
almost exclusively on a supply culture (Puiseux, 19S3). In such a context, 
the rapid launching of the nuclear program was readily accepted and 
apparently with an increasing national consensus until the Chernobyl 
accident, at least in the policy making spheres. From this standpoint, 
France is an exception in the European Community, but one must recall 
that it had no assets with respect to conventional energies, unlike the 
United Kingdom or West Germany. The Lacq gas reserves were declining 
without any short-term hope of discovering another major new source in 
France; the best of the hydro-electric potentials had already been tapped. 
As for coal, soon after the 1981 elections the socialist government rapidly 
gave up the official aim of producing 30 Mtoe/year in the eighties and 
planned a lowering to 10 Mtoe around the year 2000. 

Rooted in scientific tradition long before the Second World War, and in 
the technological potentialities set up during the development of atomic 
weapons, the nuclear solution was spontaneously held as a ready-made 
solution to be launched on a large scale (Plan Messmer) 2 years after the 
settlement of the dispute about the choice of nuclear technology between 
the Commixsariat Li I’Energie Atomiqr~e (CEA) favouring the French 
graphite-gas technology and Electricite de France (EDF) favouring the 
American technology (PWR pressurized water reactors). Furthermore, the 
nuclear choice was an industrial challenge beyond the energy policy area; it 
was clearly a bet on the French electro-mechanical industry becoming a 
world leader in the nuclear technology market. The rapid development of 
the program managed to overcome the anti-nuclear movement which 
reached its apex in 1977 at Creys-Malville and then receded (Nelkin and 
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Pollack, 1980). The debate on the security issue was strengthened by the 
Chernobyl accident, but it has never been close to reversing the success of 
the nuclear lobby, More convincing have been the criticisms raised about 
the economic costs of the nuclear program, but it was not before the 
eighties that a note of caution was expressed among official circles about 
excess nuclear capacity. 

The situation differed greatly in West Germany where the political creed 
“Weg L’OVZ 61” was translated into significant intervention in the energy 
supply system in favor of coal; it decreased from 32% of final energy 
consumption in 1973 to 27.5% in 1988. After an early launch, the nuclear 
program was drastically reduced because of powerful protest movements. 
The installed electric capacity was only 21.8 GWe in 1988 compared with 
52.9 Gwe in France, despite a higher total electricity consumption in 
Germany (428 TWh compared with only 392 TWh in France). But the 
recourse to coal and the down-turn of the nuclear program were linked to a 
constant and significant subsidy for national coal production in Germany 
more than elsewhere in Western Europe. 

Contrary to the French situation, the coal industry took advantage of its 
economic and social importance, especially in the powerful Land of Nord- 
Rheinland-Westfalen, to convince the government that it should impose 
upon the utility companies the signing of the 1980 “Jahrhundertcertrag” 
whereby they commit themselves to buy 40 MT of national coal yearly. As a 
compensation for the overprice paid above the world price, the utility 
companies are legally entitled to add the “kohlenpfennig” to the invoice 
paid by electricity users. Together with the direct public subsidy paid for 
the coke used by the iron industry, the global cost of the national coal 
program amounted to 40 billion FF per year. 

In fact, both countries adopted strategic behaviors that are a far cry from 
the rules of a pure market economy. Both the state-fostered nuclear 
program in France and the defense of national coal in Germany have had 
such deep structural effects on the whole energy sector of each country 
that they created some kind of irreversible process (Hourcade, 1991), not 
only because of the tremendous resources allocated, but also through their 
impact on national innovation patterns. * 

Whereas until the very beginning of the eighties the existence of drastic 
divergences between France and Germany regarding the nuclear risk did 

’ The national strategy is so difficult to reverse that Mr Kohl did not hesitate to promise in 
April 1989 that the coal subsidy policy would not be cancelled after 1995 despite the EEC 
rule. 
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not lead to direct confrontation within ECC regulations, the acid rain issue 
created a totally different picture. Because of the internationalization of 
the car market and of the increasing role of the European Community 
Commission at the time when the “Unified Market” perspective was 
decided, it became impossible to neglect the differences between countries 
for determining national behaviors and strategies (Salles, 1989). 

Strategies and behnr-iors in the face of a sudden enrironmental debate 

The sudden transformation of a long and complex scientific debate into a 
politically sensitive issue 

Until the seventies, NO, and SO, emissions were mainly perceived as 
causing local damage to human health and to monuments directly exposed 
to urban traffic and to industries. The solution consisted of building tall 
chimneys in order to dilute emissions according to the prevailing air quality 
standards. The phenomenon of “long-range” pollution (now called acid 
rain) only became common knowledge after the Stockholm conference of 
1972 which admitted that thousands of lakes in Scandinavia and Canada 
were ‘dead’ because of acidification. This transboundary pollution raised 
legal issues, although there was no doubt of the identity of the main 
activities causing acid rain, namely large combustion plants for both SO 2 
and NO, and cars for NO,,. emissions. After the vast OECD “Cooperative 
Technical Program to Measure the Long Range Transport of Air Pollution”, 
a Convention was signed in Geneva (1979) on the initiative of the United 
Nations Commission for Europe. A group of countries committing them- 
selves to reduce by 30% their overall emissions was created 5 years later in 
Ottawa and institutionalized in 1985 by the Helsinki Protocol. At that 
moment, the link between acid rain and forest dieback was not central to 
the discussions on acid rain, and other pollutants (hydrocarbons, heavy 
metals, etc.) were also considered as contributing to forest dieback. But the 
situation changed very quickly in the early 1980s in Germany where 
concern about the “Wa/dsterben” phenomenon came suddenly to the lime- 
light on the political agenda. Most remarkable is the pace of this transfor- 
mation. Soon after two German scientists, P. Schiitt (Munchen) and B. 
Ulrich (Giittingen), stated that such a link exists (and despite disagreement 
between them about the explanatory factors) the information rapidly leaked 
out from the scientific sphere to the mass media. The part played by the 
“Green Party” in German political life led to a large public debate and to 
the majority feelin g that reaching decisions had become an emergency 
(Roqueplo, 1988a). In order to circumvent the political crisis, the German 
government quickly adopted more severe norms on polluting emissions for 
thermal plants and for cars (Scimeni, 1987). 
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The rapidity with which the decisions were taken (Salles, 1990) is 
stressed here. The crisis had exploded in the media only in 1952-1953; 
more severe rules were established for thermal plants in a new version of 
the German air protection regulation (T-A-Luft) as early as 1983. In July 
1983 the government produced its first draft of a clean car regulation, 
which was finally accepted by the various economic partners in the summer 
of 1984. The debate immediately took a European dimension since such 
norms could be perceived as non-tariff barriers to free trade and competi- 
tion, precisely at a time of progress towards a Unified European market. 

The context of on-going scientific control’ersy 
The core of the scientific debate lies in the weight to bd attributed to 

each potential air pollutant. Accordin g to the answers, the technological 
challenge of reducing the emissions will be directed to completely different 
industries. Even by limiting the analysis to the simplified models used at 
that time, Barre (1985) could summarize as follows three alternative 
hypotheses on the causes and on the priorities for action. 

If soil acidity (mainly due to SO2 emissions, and secondly to NO,) is the 
main mechanism responsible for “forest dieback”, there are two hypothe- 
ses depending on whether or not there is an a ggravating synergy with ozone 
beyond a threshold soil acidity level yet to be determined. If such a level is 
proven, it may be sufficient to curb SO2 by placing restrictions mainly on 
thermal plants and other large industrial sources (boilers). It is only if 
photo-oxidation and soil acidity synergy takes place at a low threshold level 
that NO,c and SO, emissions will have to be limited jointly. But, according 
to a third hypothesis, the level of photo-oxidants (mainly ozone) in the 
troposphere is the causal link whatever the level of soil acidity. The 
responsibility must be borne by NO,r and also VOC (volatile organic 
compounds) emissions, which modify the level of these photo-oxidants, and 
the abatement policy must focus on the transport area alone, and mainly 
the car industry. 

A difficult and conflictual settlement of the issue 

From the outset it was obvious that the industrial consequences of these 
controversies would be very unequally distributed among the different 
actors in the negotiations. Whereas the German fossil fuel based utilities 
were hard hit by the antipollution costs, the adjustment effort for the clean 
car was far less difficult for German car industries than for the French. 
This dissymmetry requires a more detailed techno-industrial analysis. 
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SO, emissions from electricity production and other fixed plants 
The ECC directive concerning fixed facilities consists of a double mecha- 

nism. At first the Europeans decided on the allocation to each country of a 
scheduled global emission quota. Secondly, they referred the standards for 
each new plant to the notion of the Best Available Technology Not 
Entailing Excessive Costs. 

A priori, France could have gained an important advantage from an 
exception made in favor of thermal plants that are operated less than 2200 
h per year. It is precisely the case for those fossil fuel plants that are 
operated only during the winter peak-load created by the seasonal demand 
for electric heating (nuclear plants cannot produce profitably for such short 
periods). A priori, it might have become easier to present nuclear electric- 
ity as a “clean” energy and to increase electricity exports thus relieving the 
overcapacity problem. Although these exports did increase in the second 
part of the eighties, the accident at Chernobyl rendered this line of 
argument unsustainable in Western Europe. 

After the 1983 promulgation of a new version of the air pollution 
regulation (the T-A-Luft), Germany launched a desulfuration program 
costing US$12 billion over 5 years. Though NO, emission reduction was 
also dealt with in the above directive on fixed facilities, the NO, emissions 
were central to a separate directive on cars. 

NO,v and the “clean car” directice 
In Germany, the catalytic technology for cleaning automobile exhaust 

gases had already been mastered for sustaining the export drive of cars to 
the American market. Quite naturally all high-powered German cars were 
previously equipped with electronic injection, which incidentally is a pre- 
condition to the catalytic technology. Thus the additional cost of a clean 
car was quite bearable for this upper part of the market. Moreover, Bosch 
held a monopoly on the mechanical part of the catalytic exhaust system. 
Last but not least, the image of a device acting as a filter was quite easily 
grasped by the general public as a visible contribution to cleaning the air 
and thus to protecting the forests. 

The path followed was completely different in France. As stated above, 
energy savings were consistently adopted as a direct technological target by 
the car industry, whereas the limitation of polluting emissions was viewed 
mainly as a side-effect of this energy efficiency. Then the French car 
industry, as well as the Italian, were reluctant to accept the proposed 
European regulation because it imposed a series of intertwined setbacks on 
their technological trajectories and consequently on their competitiveness. 

Firstly, these industries did not master the three-way catalytic exhaust 
pipe, a technology developed in the US for the prevention of urban smog. 
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In 1983 this technology was the only one available to meet the stringent 
standards adopted by the German regulation. The French administration 
suspected it would put its market in a subordinate position to German 
firms such as Bosch which possessed a monopoly on the mechanical part of 
the injection system. 

Secondly, the catalytic technology adds only 2-4% to the cost of a 
high-powered car that already possesses the electronic injection system, 
whereas the price increase due to the two innovations could range up to 
10% for low-powered cars. The share of small vehicles in the total market 
is 67% in France and only 37% in Germany. 

Thirdly, the “three way catalytic exhaust technology” is not compatible 
with lean burn technologies, which were designed specifically to save 
energy beyond the readymade saving already derived from the speed 
limitation policy. If the impact on air quality obtained as a side-effect of 
energy saving is deemed to be no longer sufficient, there is every reason to 
believe that an explicit R&D effort could carry the lean-burn trajectory 
much nearer to the performance of the catalytic technology concerning air 
pollutants. That is why the opposition of the French firm Peugeot to the 
German proposal of 1983 is easy to understand. It would render the 
lean-burn option obsolete by regulation without giving sufficient time for 
exploring the potential for improving the lean-burn option. Moreover, the 
implementation gap due to behavioral and infrastructural constraints could 
decrease the expected performance of the catalytic option comparatively 
more. 

As early as 1984, scheduled targets for NO, emission standards for cars 
were suggested by the European Commission. Diverging views soon op- 
posed the northern part of Europe (FRG, the Netherlands, Denmark, 
Luxembourg) on one side, and other countries (France, Italy, the United 
Kingdom) on the other side concerning how to apply these norms, and 
whether a rapid decision would be relevant. The choice of strategy was 
linked to the emergency argument. Was it possible to wait for a wider 
variety of techniques, or was it urgently needed to generalize the cleanest 
available technique as decided by the FRG? 

In July 1984, Germany unilaterally adopted national norms that implied 
that a three-way catalytic exhaust pipe has to be used together with an 
electronic injection system; both elements would cost around 800 ECU per 
car. Two months later, the European environment ministers decided to 
enforce emission standards differentiated according to the cubic capacity 
category of cars, and in March 1985 a timetable was decided upon. In June 
198.5, norms were adopted in a directive of the ECC that was signed in 
December 1987 within the framework of the “Unique Act”, and adopted in 
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June 1988. ’ Consequently, unleaded gasoline had to be available every- 
where in Europe by October 19S9. 

Some paradoxes in the negotiations on acid rain 

Whereas German pressure during the ECC negotiations resulted from 
the dynamics of its internal political scene, the French rearguard action 
resulted from three factors (Le Bail, 1985; Valroff. 1985). 

(al Firstly, the fact that, thus far, French forests had been much less 
degraded than in other countries except for places in the Vosges and the 
Jura. Likewise, lake acidification had not been a major concern. This 
relatively satisfactory situation can be explained by the fact that France is 
sheltered from dominant winds from the Atlantic Ocean and that its 
domestic emissions remain relatively moderate. ’ This rather optimistic 
picture is supplemented by the fact that SO2 emissions had decreased by 
more than 60% between 1973 and 1985. 

(b) Secondly, awareness that the French global emission level is and will 
remain lower than that of other countries. As early as 1982, a study by The 
Beijer Institute presented at the Conference on the Acidification of the 
Environment in Stockholm reported that, according to the most likely 
scenarios, France and Sweden would be the only countries likely to reduce 
their SO, emissions by the year 2000. A study (CITEPA, 1989) ’ confirms 
the favorable prospects of a decrease of SO, emissions by 32% between 
1985 and 2000. Thanks to the nuclear program and the delinking of energy 
and growth, a positive but involuntary side-effect on SO, emissions had 
been observed. 

(cl Thirdly, a background factor must be taken into account; namely the 
differences in the collective expectations of ecological risks and in the 
interpretations of scientific knowledge. The exploding public debate on the 
acid rain issue in Northern Europe resulted within 3 years in a double 
transformation of scientific hypotheses into well established facts: firstly a 
direct link between acid rain and forest dieback, secondly a focus on the 
car as the main source responsible. The southern European position, on 

’ The French retractation from 20 July 1988 until November 1988 denounced a case of 
distortion of free trade in the European market, namely the tax incentives decided in The 
Netherlands for cars in conformity with American norms. 
3 As a consequence of low population and industrial densities. the 4.4 t/km’ SO, emissions 
recorded in France were much below the 14.1 t/km’ in West Germany, 17.4 t/km” in the 
United Kingdom, 10.2 t/km’ in Italy and 37.0 t/km’ in East Germany (1986). 
’ CITEPA stands for “Centre Interprofessionnel Technique d’Etude de la Pollution Atmo- 
spherique”, Paris. 
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the contrary. relied on the fact that the relationships between emissions of 
specific atmospheric pollutants and the “death” of forests remain contro- 
versial ’ (Bonneau and Elichegaray, 1990). 

Paradoxically, a section of French industry was hurt by environmental 
concern, of which the energy sector (decrease of 71% in emissions from 
power stations) and the manufacturing sector (decrease of 58%) could 
argue to have made an important effort including increased end-use energy 
efficiency, establishment of norms for SO, contents of fossil fuels and an 
increase in natural gas share. However, emissions from combustion plants, 
which had been increasing up to 1979, dropped sharply only after the 
nuclear power plants started working 6. The French administration drew 
no other advantage from this positive side-effect, since nuclear power was 
to remain the symbol of an ecologically dangerous technology in most 
developed countries. 

ACTUAL INTERNALIZATION PATTER&: A TENTATIVE INTERPRETATIVE 
FRAMEWORK 

The forest dieback case study demonstrates a sharp contrast between the 
number of scientific uncertainties and the rapid and arbitrary internaliza- 
tion of a still obscure environmental issue within industrial strategies. The 
time-scale element is at the center of this contradiction (Salles, 1990) 
because the artificially created emergency argument is used to circumvent 
the mounting crisis. We propose an interpretative framework for a wide 
range of environmental issues presenting the same features, because we 
think that they are to be found far beyond our case study. 

Decisions made under controcersy and environmental crisis 

European producers had to comply with the new regulations that were 
decided in order to defuse the crisis outlook given to the forest dieback 
issue by the media, despite a lack of well-established scientific knowledge 
about its real mechanisms. Some years later, the scientific community is 
still not really able to provide a satisfactory model of the forest dieback 

s Forest observation systems were established quite recently (1981 in the FRG). Only in 
1983 did France launch a program called DEFORPA (standing for, in French, Forest Decay 
Attributed to Atmospheric PollutionX 
6 According to CITEPA, emissions were 3340 kt SO2 and 1820 kt NO, in 1980 and 
decreased to 1230 kt SO, and 1610 kt NO,Y in 1988, though the emissions from mobile 
sources increased steadily by 20% despite a 27% decrease in the average consumption per 
kilometer of new French cars between 1975 and 1987. 
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phenomenon to economic and political decision-makers (Bonneau and 
Landmann, 19881. As a matter of fact, most scientists have given up 
monocausal explanations and now consider multifactoral approaches. The 
causes currently studied include both permanent sources such as soil 
acidity due to atmospheric pollutants (usually called acid rain even if it 
includes dry deposits), acid fog (for its direct action on leaves and needles), 
photo-oxidation (PAN and ozone due to the anthropogenic emissions of 
NO, and volatile organic compounds), some forestry practices, especially 
spruce monoculture, and some climatic events (Pearce, 1990). 

The uncertainty element can be much larger with respect to impacts, as 
is the case for nuclear risk or even for the greenhouse risk linked mainly to 
fossil fuels. We are then clearly confronted with risks that are immeasur- 
able by nature. 

The first conclusion is that we need the concept of scientific “undecida- 
bifity “, which can be used as a “space for maneucer” in a negotiation 
process, for explaining the behavior of actors with regard to this type of 
environmental controversy. We propose to call undecidabifity any situation 
in which, at a given state of knowledge, a scientific issue remains controver- 
sial because experimental data or theoretical tools are lacking (and are 
expected to remain lacking for the foreseeable future). 

The urgency of decisions in the context of political crisis constrains both 
the rhythm and the content of choices. When it takes too much time for 
science to explain phenomena and to elaborate more appropriate technolo- 
gies, it is tempting to try and to solve the socio-political crisis by offering a 
set of technical solutions based on the subset of existing technologies 
capable of reconciling political and economic interests involved in the 
environmental debate. ’ A possible consequence is the occurrence of “re- 
versed risk” configurations (Roqueplo, 1988b), defined as situations in 
which, for some actors, the ecological danger is exceeded by the industrial 
risk generated by a particular solution. In the present case, the French 
firms that were hit by the European norms could argue that German policy 
had selected precisely that unproven scientific hypothesis that best served 
their own economic advantage. The opportunity for industries to use a 
“space of scientific uncertainty” in environmental issues as a “space for 
maneuver” for their strategic purposes can be fully understood only by 
symmetrically taking into account the time and risk constraints on the 
technological innovation element. 

’ On the role of socio-technical networks in innovative processes, see Callon et al., 1986. 
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The peculiar rationale of innor,ation with regard to encironmental issues 

The strategy of each actor can be viewed as an attempt at gaining an 
advantage in the redistribution of the “use rights” and responsibility rules 
involved in any decision concerning environmental standards. In modern 
economics, the global environment belongs to the wide category of public 
goods; to allow an individual producer (the legal ownership does not matter 
here) to take the risk of affecting environmental quality is equivalent to a 
distribution of “primary property rights”. ’ Then the redistribution of these 
rights resulting from any modification of the standards modifies the state of 
competition between firms, local or national authorities, and groups of 
citizens (Bromley, 1978). 

As shown earlier, political dynamics may artificially create the need for a 
decision in an emergency, which precludes leaving sufficient time to pro- 
ceed from research to truly innovative solutions. In such a context, urgent 
answers must be found from the available existing technologies developed 
long before. Furthermore, “clean technologies” (such as catalytic exhaust 
pipes, desulfuration processes for large plants, or security systems in 
nuclear power plants, etc.) are very specific cases of innovation because 
they increase production costs without bringing any additional private 
benefit to the final consumer. Experience shows that the real behavior of 
most private consumers diverges from their expressed ecological prefer- 
ences as “citizens”. Consequently, the producer cannot reasonably expect 
to rely on self-maintained markets for antipolluting or ecologically sound 
technologies 9 in the absence of a transformation of national or interna- 
tional regulations. Besides he needs to anticipate these regulations not so 
much because of the ecological costs and the antipollution costs usually 
quoted in the literature, but because of the risk of “strategic revision cost” 
(i.e., the cost of redefining whole parts of the industrial strategy) if his 
innovation strategy is not coherent with the standards adopted. A case in 
point is the “three-liter-car” strategy of the French car industry. Similarly, 
another major accident could render the nuclear program totally unaccept- 
able and put into question most of the huge innovation and industrial 
effort already expended. 

8 This distribution must be dealt with in relation to the notion of the legitimacy system, a 
subject matter extending much beyond economics and our article (see Laufer and Paradeise, 
1989). 
9 The failure of real markets to devise satisfactory regulations for environmental issues was 
commented on in the seventies (see, for example, Ruff, 1970). 
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In order to protect themselves against such potential “strategic revision 
costs*., microeconomic agents logically adopt a behavior that tries: 
- to negotiate a framework of new rules minimizing the adjustment costs 
or imposing these costs equally on their competitors; 
- to preclude any decision that forces them to go beyond their technolog- 
ical knowledge and capability; ” 
- to legitimize their arguments on the basis of the present state of 
knowledge. 

Industrial firms could refrain from innovating should there be repeated 
cases of “reversal of risks”, whereby their efforts are arbitrarily made 
obsolete by environmental crises in ways that cannot be rationally antici- 
pated. A flexible balance between economic and ecological constraints in 
the long term could thus be rendered impossible by maneuvers towards 
deriving a monopolistic advantage from new regulations, and for inhibiting 
alternative innovative approaches. 

Encironment sercing as an instrument for other industrial strategies 

The sequence of processes described could be stylized as follows. First, 
an environmental problem is kept within the sphere of certain scientific 
circles as long as the general public is not too excited about obtaining a 
quick answer. A certain degree of scientific uncertainty cannot be avoided 
as long as it deals with complex issues. The most sensitive situation occurs 
when the media take hold of the issue before the whole array of complex 
causes has been sufficiently explored by scientists. Then simple explana- 
tions may tend to be selected prematurely by the media if scientists are not 
able to resist such a shortcut. Indeed, the media, together with politicians, 
are apt to dictate their own preference for simple and ready-made answers 
as soon as the public believes that we are on the brink of an ecological 
disaster. For obvious reasons the media dislike complex scientific puzzles 
and prefer to transform them into an urgent environmental crisis to be 
solved by strong political will. The scene is then ready for some actors to 
push their own strategic interests. This was clearly the case when the 
environmental crisis whipped up by the media served as the instrument for 
one specific car industry lobby to push in favor of its own ready-made 
technology. It may also be temptation for supporters of nuclear energy to 
attempt a comeback owing to the greenhouse risk. 

Quite different time scales have to be taken into account when analysing 
the three steps of the sequence. Its main feature is that neither the 

‘” Apart from some exceptions (in the USA and Japan), these rarely succeed. 
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environmental issue for science, nor the environmental-related crisis set on 
the political scene by the media, nor the truly innovative technological 
responses have the same time-horizon. In the specific context of the acid 
rain issue, the cautious behavior of waiting until one better understands 
which policy options should be chosen was superseded by a combination of 
the media and political and industrial actors advocating the use of the 
‘emergency’ argument for adoption of a ready-made answer. Consequently, 
the main problem for the social scientist is to understand how some actors 
wrongly internalize environmental concerns when the implementation of a 
substanfire raGonali& (dependent on scientific advances in ecologically 
complex issues) is impeded by the crisis tempo dictated by very powerful 
actors. 

A PLEA FOR THE ADAPTATION OF ECONOMICS TO ENVIRONMENTAL CON- 
TROVERSIES 

Economic analysis and its limitations 

To what extent can the professional economist rely on his usual tools 
(expected value of external costs, rational expectations, learning process) if 
he wants to resist such shortcutting of controversial scientific issues and 
adhere to informed policy-making? The key point here is how to use the 
social cost-benefit analysis (SCBA) framework. On the side of the “be- 
nefits” of environmental protection, it requires the capacity to assess, for 
instance, the costs of forest dieback or of a nuclear accident both in macro- 
and microeconomic terms. I’ The limits to this approach have often been 
emphasized: ” can forest losses be assessed (at what prices, on which 
markets)? How can one assess the value of a forest as a multiservice 
supplier (landscape, leisure area, atmospheric pollution filter, oxygen pro- 
ducer)? How can the general effects on human health be estimated? Is it 
relevant to apply the theory of probability to the case of a nuclear 
accident? How do we deal with systemic relationships where cause and 
effect are difficult to separate? 

These practical limits to the conventional approach point to some 
reasons for the well perceived implementation gap between theory and 
practice in economics. But by themselves they do not really put the whole 
framework into question since it is (in principle) always possible to value 

” For example, concerning a hypothetical nuclear accident, Vlies and Vlist attempted to 
estimate the macroeconomic loss related to GDP in The Netherlands, whereas Striibele 
assessed the effect on the average costs of electricity generation (papers presented at the 
IAEE Tenth Annual International Conference, 1985). 
” Beckerman (1972a) and Kapp (1972) debated these limitations. 
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costs and benefits by way of parametrization and to develop research for 
more knowledge. 

In the standard neoclassical framework the sequence of analytical steps 
is clearly identified: 
- firstly, reveal the preferences of agents through their willingness to pay 
for the limitation of an environmental damage; 
- secondly, scientifically determine the share of responsibility of each 
specific economic activity for the ecological damage under analysis; 
- then quantify the relationships between each economic activity and 
each ecological impact; 
- and, finally, aim at internalizing the social costs through taxes, emission 
permit systems, norms, etc., under the control of a legitimate authority 
(local administration, regulatory commissions, national governments or 
international institutions). 

In this framework, the internalization of externalities always results in “a 
plus” for notional economy, progress towards the Pareto optimality under 
perfect information, but often in “a minus” for the real economy, since a 
new monetary cost is now imposed on some activities. Economic analysis 
has a substantial normative function for providing tools (economic calcula- 
tions and institutional solutions) for choosing an optimal trade-off between 
social damage and pollution control costs. : 

Complications in the relationship between economics and ecology 

The acid rain case shows the necessity of going beyond the conventional 
framework and of setting guidelines on the research agenda of “ecological 
economics”, viewed as an attempt to understand better the relationships 
between ecology and human activity. Their complexity, as exemplified by 
the acid rain issue, may go beyond what can realistically be coped with 
using the conventional toolbox for the following reasons. 

(a) The concept of “decision under controversy” would be more appro- 
priate than the conventional concept of “decision under uncertainty”. The 
present and future “states of the world” are not only largely “unknown”, 
but “controcersial”; there are several competing scientific theories for 
describing the possible states of the world and the probability distribution 
of these states depends on the decisions taken today, which depend on a 
choice (at least implicit) between these theories. As no industrial commit- 
ment can be taken without a certain stability of the institutional context 
(norms, laws, economic instruments), there is obviously pressure to con- 
verge on that subset of theories that seems the most able to legitimize a 
minimum agreement. The competition between theories is then part and 
parcel of the strategy of each economic actor, but with no guarantee that 
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the occasional common agreement on internalization procedures will later 
prove ecologically and economically founded. 

(b) The agents’ preferences for a safe environment are not often mainly 
linked to a direct perception of a “state of nature”. Rather, the works of 
the scientific community and the experts are used by the media to shape 
public opinion. The level of concern in the face of the acid rain problem 
was very low in West Germany until 1983, when the media popularized the 
view that the forests were on the verge of death. 

The history of the “Waldsterben” concern is in fact an archetype of a 
whole range of cases. Whereas the neighbors of a motorway often protest 
against the disamenities due to noise and demand protection walls, nobody 
would spontaneously complain about ozone layer depletion or the green- 
house effect. Citizens become concerned when warnings by scientists are 
brought to their awareness by journalists and later by politicians. 

(c) For these two reasons, the search for the appropriate institutional 
process for dealing with the economy/ecology interface cannot be focused 
only downstream, assuming a well shaped distribution of costs and benefits 
and a straightforward determination of the cause/effect relationships; the 
institutional context partly determines the cognitive process, and also the 
resolution of controversies that permits the beginning of collective action. 

(d) The core of the matter is less the problem of internalizing the 
external costs with a given toolbox of pre-existing antipollution techniques 
than to trigger a new innovative dynamic. In the case of a decision under 
controversy, the learning process can be prematurely cut short by a decision 
that may shape the innovation process towards irreversible paths, and 
scientific knowledge may later prove that such a premature decision was 
suboptimal. 

Do all these limitations disqualify economic sciences from providing 
normative tools, since any calculation reflects only a transitory balance of 
powers? Certainly the legal sciences, the sociology of institutions, and the 
political sciences are needed for studying the management of these contro- 
versies and of the media process between experts, policy makers and public 
opinion. It would, however, be dangerous to conclude that a theoretical 
foundation for collective action in the face of ecological risks could be 
provided without any reference whatsoever to economics. Even if conven- 
tional cost-benefit analysis cannot be satisfactorily carried out “ex ante”, 
any significant decision to tackle environmental problems will de facto 
entail “ex post” costs in the form of direct costs, of transformation of 
behaviors and of innovation patterns. In the face of the equity issues 
unavoidably raised by this social process, no action can be legitimate unless 
these impacts are assessed, which both implies the use of some kind of 
cost-benefit analysis and a reconsideration of its status. 
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DeL*elopmenrs in cost-benefit analysis 

Fraught with too many uncertainties and controversies, social cost-ben- 
efit analysis (SCBA) cannot measure unequivocally the social efficiency of 
choices. After recognizing this limitation, Henry (1984, 1989) shows that 
SCBA can be used as a language for negotiation: SCBA forces each actor 
to express explicitly his preferences and anticipations for the future states 
of the world. 

This challenge is the origin of recent efforts to build an economics of 
“sustainable development”. Barbier (1990) sketches current trends in the 
field of environmental economics as passing from a conventional approach 
concerned with the optimal allocation of economically valuable and ex- 
haustible resources to a more comprehensive analysis of the utility yielding 
services of the environment-material and energy inputs, productive recy- 
cling of wastes, and ecological functions, mainly the preservation of cli- 
mates and of essential ecological cycles and balances. For that purpose, he 
proposes a very stimulating economy/environment model that tries, on the 
line of Pearce et al. (19891, to account for the total economic L&e 
provided by all the functions of an environmental asset. 

This intellectual framework is certainly useful for grounding the legiti- 
macy of a collective action dealing with the environment in terms other 
than a pure stock of resources. More specifically it calls attention to the 
risk of an irrelevant extension of the pure logic of replacing natural capital 
stocks when some irreversible loss of an ecological function is at stake. 
However, our case study illustrates the practical inability of assessing in 
due time the real economic value of all the functions of an environmental 
asset, especially for controversial issues. The economist’s conventional 
toolbox cannot be applied when the scope of uncertainty on some parame- 
ters is too great. Admittedly, the economist can calculate an infinite 
number of social cost-benefit simulations related to an infinite number of 
scenarios and theories, but how can he reach a conclusive agreement 
among the concerned parties. The Fifth Congress0 Brasileiro de Energia 
held in Rio de Janeiro in November 1990 also illustrated that any attempt 
to measure the cost-benefit balance of the collective services provided by 
the Amazonian forest will, for the time being, only foster a regressurn ad 
infinitum of controversies with the severe risks of too belated an action. 

Another way out of this apparent deadlock is to push a step further the 
new vistas opened by the “option value” concept. Barbier and Pearce 
(1990) referring to Bishop (1982) demonstrated that, under conditions of 
supply-side risks, society would be willing to pay a sum to avoid future 
risks. This sum is an option price which is greater than the expected social 
loss of welfare due to all these risks. Along this line, Barbier and Pearce 
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(19901 then note that the case of climatic change involves pure public risks 
and intergenerational concerns, and they propose an analytical framework 
encompassing the issues of sustainable development economics. In a risk- 
adverse society, taking into consideration some degree of intergenerational 
solidarity, compensation must be paid today for long-term losses of welfare. 
“If we knew the actual damage, Y, associated with climatic change, ” we 
could set aside a sum of money, X, today which would grow at some 
interest rate, r%, to be equal to Y in the relevant future year, that is 
Y =X(1 + r)l”. But they point out immediately that “as we do not know c 
or Y, the computation of the required compensation cannot be made” and 
they call for a proxy in the form of the sum that current generations would 
be willing to pay to prevent future risks. Though Barbier and Pearce admit 
that “low-probability, high-loss events” such as natural disasters or climatic 
change render “extremely difficult” the estimation of the option price, they 
suggest extending some results, such as those based on individuals’ self-in- 
surance through purchasing safer housing in California, an earthquake- 
prone area. However, could such attempts overcome the uncertainties on 
some items of an environmental SCBA that are bound to be much bigger 
than the risk-adverse premium when dealing with a controversial issue? 

Learning-time as a criterion for decision-making 

We would like to propose a more drastic departure from the conven- 
tional practice of SCBA when controversies are involved concerning possi- 
ble irreversible (or very costly) dangers. For obvious reasons, setting a 
target in order to take recourse to the cost-efficiency approach will often 
prove an equally unrealistic aim. A better ground for economic negotiation 
around environmental issues could be found in choosing as a key parame- 
ter the learning time to be gained by policies in the face of a large and 
controversial environmental danger. Rather than evaluating “fuzzy” bene- 
fits in the very long term, the learning time criterion requires the ability to 
discuss directly a reference level of danger (for instance, an unacceptable 
GHG concentration or of nuclear waste accumulation) that is estimated to 
be met in a computable time horizon if status quo policies are maintained, 
and to rank the alternative policy options as a function of time gained 
before such levels are met. The economic trade-off implies a value to this 
gain of time, which is an additional delay for planning more informed 
policies. 

” The same is true more generally with other global ecological risks. 
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In this decision model (Hourcade, 1991) the value of time encompasses 
both the risk-adversity premium and the value of new information. What is 
proposed here is, in fact, to change the objective function of the SCBA, to 
give up the attempt of any long-term optimization procedure, and to focus 
on dimensions of alternative policies such as (a) the costs involved in 
gaining learning time by curbing the rate of accumulation of an environ- 
mental hazard; (b) the positive economic consequences of preserving, or 
even augmenting, technological pluralism as a flexibility factor for future 
choices. 

This approach carries two advantages with it. Firstly, it focuses the 
negotiated agreement on the level of “ecological risk/caution” and on the 
willingness to pay for it without prejudicing the final settlement for a wide 
set of controversies. Secondly, it provides a criterion for analysing the 
comparative efficiencies of institutional instruments. The latter should be 
viewed not so much as a means of internalizing calculated environmental 
costs, but rather as a means of expressing the collective preferences for 
caution and flexibility (Favereau, 1989). 

CONCLUSION: AN INSIGHT INTO THE INSTITUTIONAL INSTRUMENTS FOR 
ENVIRONMENTAL POLICIES 

Along this line the institutional arrangements must be conducive to a 
triple role: 

(a) change the current practices with the existing equipment, provided 
that the selected incremental innovations do not cost more than the value 
of the learning time; 

(b) determine how to signal clearly the long-term risks to economic 
agents so that consumers, infrastructure designers, and investors are guided 
in the build-up of their long-term anticipations; 

(c) avoid premature commitment to a technological solution or to an 
institutional option that could later prove too burdensome and rigid. 

It is beyond the scope of this article to deal extensively with the dispute 
on the relative advantages of norms, taxes, polluting rights, subsidies or 
other instruments. Let us only stress that the learning time criterion is in 
conformity with conventional wisdom that the economist should avoid 
upsetting the current equilibrium between competing products and tech- 
niques, and should rather safeguard some degree of plurality of options 
and the diversity of research and development approaches. This plea 
against too direct an interference with technological pluralism advocates 
not only the use of economic instruments in the conventional sense of this 
word (taxes versus norms, for instance), but still more the recourse to 
flexible institutional arrangements. In the case of car emissions, either a tax 
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could be flexibly adjusted according to new information or an equivalent 
flexibility could be achieved through speed limitations. Morqover, direct 
action with available techniques can be perfectly coherent with the learning 
time criterion in the three following cases: perfect information (the value of 
learning-time is zero), risks of irreversibilities, and common agreement 
between actors for defining the “best available technology”. 

The challenge facing ecological economics is to balance the need for a 
certain degree of institutional stability for the development of action and 
the danger of too irreversible an interference with the complex and fragile 
dynamics of technological innovation. To put it in the words of the 
“sunspot models” (Azariadis and Guesnerie, 19861, policy-makers should 
be less worried about assessing unmeasurable costs and benefits, and more 
worried about preventing the necessary coordination of anticipations from 
evolving into a prematurely closed technical space because of the transient 
dominance of one “theory” about the future. Among the works on flexible 
regulations or innovative formulas of economic incentives, let us quote here 
the proposition of “environmental bonds” which allow the accounting of 
uncertainties by measuring the difference between two values: “one associ- 
ated with the least potentially surprising but most appealing outcome and 
the other with the least potentially surprising but the most unappealirg 
outcome” (Perrings, 1989; Costanza and Perrings, 19901. This approach 
cannot be viewed as a ready-made solution, but gives a very stimulating 
illustration of research on the way to collective decisions about controver- 
sial futures. Priority must be given to this type of research if we are to 
succeed in advocating that a certain degree of technological pluralism is a 
cornerstone for reorienting towards sustainable development. 
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