
Unilateral Environmental Policy and 

Environmental Consciousness: 

 A Theoretical Analysis* 
Catherine BOEMARE

C.N.R.S - EHESS - CIRED,  Jardin Tropical - 45 bis, avenue de la Belle Gabrielle, 94736 Nogent Sur Marne cedex, France.

Tarik TAZDAÏT
C.N.R.S - EHESS - CIRED,  Jardin Tropical - 45 bis, avenue de la Belle Gabrielle, 94736 Nogent Sur Marne cedex, France.

Abstract
This paper presents a theoretical case where countries, within the context of an environmental transboundary problem, are willing to unilaterally reduce their polluting emissions. Our model is based on the sequential prisoners' dilemma, and it is studied from an evolutionary approach. The results are as follows. When countries know the characteristics of their bargaining partners, playing cooperation is evolutionary stable (ESS). When countries ignore the characteristics of their bargaining partners, cooperation is not ESS. In this case, defection is ESS and more generally, there is a continuum of ESS in which only a small frange of the countries choose cooperation.

Key Words

Global environmental problems, Commitment, Environmental consciousness, Evolutionarily stable strategy.

JEL Classification

D74, Q28
1. Introduction

Greenhouse effect and ozone layer depletion are specific examples of global environmental problems. Both affect individuals and countries worldwide. Their consequences may differ from one country to another, but they depend on global aggregated emissions. This means that the reduction of emissions by a country is a global public good (Nordhaus, 1999). Indeed, a reduction of a global pollutant benefits to everyone in the world, whichever the reducing country is (non excludability of benefits), and one unit of the pollutant reduction may benefit to one individual without detracting from the benefit opportunities, which are still available to others from that same unit (non rivalry of benefits). Then, the type of situation that faces States dealing with global environmental problems is theoretically represented by the prisoner's dilemma game (PD) (Hardin, 1968; Snidal, 1985; Ostrom, 1990). This game had two properties as much as individual interest favour no cooperation whereas common interest favours cooperation. Nevertheless negotiation can mitigate the logic of individual interest in order to ensure that countries work together (Rotillon and Tazdaït, 1996; Rotillon et al., 1996; Chander and Tulkens, 1997; Chen, 1997; Péreau and Tazdaït, 2001). However, there is one attitude that the PD does not reflect. It happens when one State reduces unilaterally its polluting emissions without an obligation resulting from an earlier international agreement. The usual countries which commit themselves unilaterally are OECD's members (Hoel, 1991). 

At a first glance, this behaviour may initially appear a beneficial operation. However, it is not necessarily the case. On the basis of a two-country model Hoel (1991) demonstrates that a unilateral reduction may be harmful to the environment. Indeed, if one country unilaterally reduces its harmful emissions, others, that do not take similar action, are incited to increase their own emissions. Then, the expected growth of harmful emissions may compensate the emissions' reduction undertaken unilaterally.


Hoel's framework is based on functions of well-being defined from a single variable, which is the global level of reduction of polluting emissions. This shortsighted approach restricts the significance of his analysis. The idea that a country should base its environmental policy on the sole intention of reducing its polluting emissions is not credible. Such a policy is generally elaborated with other strategic considerations such as, international trade, or takes into account the increasing influence of ecological parties whose political weight is nowadays fully acknowledged. This statement assumes the existence of a connection between the levels of reductions with other variables. Our aim will be precisely to highlight one of these connections, by introducing further incidental variable to verify whether this element gives rise to different consequential effects.


As far as greenhouse effect is concerned, many countries have adopted a policy of unilateral reductions of their carbon dioxide emissions (CO2). On January 1st 1990, Finland introduced a fossil energy tax that should lead to a 1% reduction of its emissions. At the same time, other European Community countries adopted policy of unilateral reductions without adopting a common Community's position. Norway acted in a similar manner, by introducing a carbon tax. Therefore, imitation behaviour (or training effect) is not only an intellectual figure, and needs further explanations.

Our interpretation of "unilateral behaviour" differs from Hoel's interpretation. According to this author, a unilateral reduction made by a country indicates a situation where that country acts according to a level of well being higher than it is actually the case. It matches the definition of "altruistic behaviour" given by Becker (1974). In other words, a country acting unilaterally incorporates in its function of well being a variable representing the "charitable effort" that it agrees to make. However, an analysis only based on altruism cannot be sufficient. In fact, the major defect of such an approach is that it presupposes an answer to the question raised by the cooperation's rationality. Why does a country take the initiative?  Because country's behaviour is altruistic.


Finally, the question of methodology which, is the most suitable to explain the reasons of such unilateral initiatives, has to be explored. First of all, in order to have  spontaneous unilateral commitment, a strong environmental consciousness
 must exist. When this consciousness is significant enough in some countries, then one of them commits itself unilaterally, and generally some other nations follow this trend. Second, this trend takes shape within the setting of international negotiations. Consequently, spontaneous unilateral commitment and training effect constitute a process of global behaviour. Therefore, we are confronted with an evolutionary process, and to grasp its characteristics, it is necessary to resort to the evolutionary game theory.

The theory of evolutionary games usually takes into account a population of countries dominated by an unique behaviour which would impose itself day after day by a learning process, in the circumstances the defection, and the question is to study to what extent the appearance of environmental conscience is able to modify countries' behaviours. The learning process idea means countries are characterized by a limited rationality. They are endowed with the ability of doing better but they don't own the capacity of doing their best. Thus, countries only need knowing what succeeds in and not the reasons for this success. This framework goes hand in hand with a context linked to environmental problems. In so far it always exists significant uncertainties about the consequences of gas as source of greenhouse effect (Heal and Kristöm, 2002): some people do not hesitate to question the very existence of environmental problems. Nevertheless, decisions are taken and other actions have to be undertaken despite of the fact that the whole actors concerned are not able to appreciate in a same way costs and benefits resulting from these involvements. We are quite facing a case of limited rationality as countries' behaviour has to be considered from an adaptative point of view
.


In this paper we justify the existence of cooperative preferences by the concept of evolutionarily stable strategy (ESS). Indeed, this concept makes possible to study the capacities to extend the unilateral commitment, particularly when characterizing the emergence conditions of the environmental consciousness. Evolutionary literature, and more particularly Güth's indirect evolutionary approach
 has already studied human behaviour from the point of view of conscience (Güth and Kliemt, 1994; Güth et al., 1999). These authors' works will therefore serve as reference. We will also derive certain presentations from Ockenfels (1993) whose solution of the prisoner's dilemma (PD) through the introduction of a preference for cooperation partially resembles our own ideas.


This paper proceeds as follows. In section 2 cooperative preferences are modelled within a leader-follower context. In a third section, this extensive game is analysed from an evolutionary point of view. Section 4 repeats the analysis under incomplete information. It is shown that a unilateral commitment can prevail in evolutionarily stable ways if players know beforehand whether or not the other player is endowed with a (sufficiently strong) consciousness. On the other hand, developing a (sufficiently strong) consciousness will not be evolutionarily stable if countries, though knowing the distribution of types in group of involved countries, cannot identify the type of the other player before playing the game.       

2. The environmental consciousness in the sequential PD

There is a general consensus that the PD typifies situations faced by States confronted with global risks. Thus the sequential PD game will form the basis of our expansions. Sequentiality permits the second player to reply to the first player's choice with full knowledge of the game situation. Using this rudimentary dynamic extension as our starting point, we can consider the direct repercussions of the first country's action on the behaviour of the second country, thus highlighting the imitation behaviour. Consequently, we have considered a kind of commitment game
 in order to explain the origins of the spontaneous unilateral commitment.

We will also diverge from the traditional PD in order to present a wider formulation. We assume that only countries whose liability for emissions is unequivocal may commit themselves. Therefore, it only concerns industrialized countries. The criterion of liability is related to the idea of environmental consciousness (e). The argument is: a country feels really responsible for emissions only when the environmental consciousness that characterizes its public opinion is significant. However, the environmental consciousness is not expressed in monetary terms. It corresponds to a moral appreciation of the outcome of the action (Gauthier, 1986). This moral variable can be explicit enough for the substantial gain to be negatively perceived by the country that makes this gain. The extensive form of this game is shown in figure 1.
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       figure 1.

This tree describes the following game: in the first period, country 1 acts alone, with a choice between two decisions: to undertake unilateral reduction of its emissions (U), or not do so (N). In the second period, country 2 plays alone and also makes a decision of U or N. Prior to its move, country 2 is aware of the decision made by country 1. The gains for each country arising from the different interactions are given at the bottom of the tree. But they receive only the monetary payoffs.


We assume, as in the standard PD, that the gains are classed as follows:



b < a < c < 1







 (1)

and that they satisfy the condition:



(b+1)/2 < c







 (2)

The first condition implies that N dominates U, in the sense that it is better no matter wfat the other player chooses, and the second condition entails that joint cooperation (U,U) is better than sharing the payoffs after a unilateral non-reduction (U,N).

Furthermore, we consider an analytical framework where ei has one of only two possible values, 
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 and ei:


1+ ei  < c < 1+ 
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i = 1,2     .




 (3) 

In a situation where  e2 = 
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 > c-1, the couple (N,N) constitutes a perfect equilibrium of the game. To appreciate this equilibrium, we will examine the game section that begins in the second period. At this point, only country 2 plays. If it acts rationally, it will choose the strategy that ensures the highest gain, in this case a if country 1 chooses N, and 1 + 
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 if country 1 chooses U. Consequently, whatever the other nation's strategy is, country 2's best interest is to play N. Knowing that country 2 will play N, country 1 -also in an optimal expression- will prefer to obtain a rather than b, and will thus commit itself into strategy N. Consequently (N,N) represents a perfect equilibrium. On the other hand, e2 = e2 implies that the single perfect equilibrium of the game is (U,U). In this case the players reach a Pareto-efficient result that yields a payoff of c for each.


It is clear that by modifying the game we can ensure that countries, whatever their type, arrive at solution of cooperation. More precisely said, introducing certain modifications allows the cooperation to emerge as the game solution, irrespective of the players' characteristics. Various factors are liable to influence each country's choice, particularly institutional measures. We could for example assume the existence of Hobbes's theory in the "Leviathan" (1651). But, if we accept the presence of a "virtual" supranational authority we de facto exclude ourselves from what is supposed to be a positive approach. Thus we, should only take into account elements, which are internal to the countries, and as such define countries' commitments. Unilateral commitment is a political choice involving certain risks, for which no country will make its decision without making reference to its own conscience. It is in no sense the result of an international settlement. Our aim is to determine those conditions under which the environmental consciousness (a phenomenon internal to each country) is liable to prevail.

3. The Evolution of the environmental consciousness

Obviously, in a rapidly evolving world, a decision that is efficient at a given moment of time will probably no longer be so a second later. This is valid for both businesses and nations, particularly in case of a nation faced global environmental problems. So many uncertainties subsist with regard to this type of problem, where reaching the optimal decision is difficult. A behaviour chosen in time t may eventually result optimal, but it does not secure that the same behaviour in time t+1 would be optimal; the countries' choices depend on their environment.


In order to account for unilateral commitment, it is necessary to define a framework for our reflections, which is different from the conventional framework. In fact, an analysis based on an adaptive behaviour (characterized by a learning mechanism) would appear more appropriate in this particular case.


If we wish to use the evolutionary game theory further elements needs to be clarified: we must identify what depends on the predetermination of strategies. As Faber and Proops (1993) recall, the biological analogy implies a very general definition of the 'gene', and of precise identification of the 'structures' that ensures through time the partial transmission of behavioural characteristics. In our study, we may concede that inheritance gives expression to the nations' political system. This system is transmitted from one government to the next, irrespective of political labels. In so far as we have assumed that countries most likely to behave unilaterally are members of the O.E.C.D. Thus, we observe that our interpretation is reasonable since these countries are characterized by political systems based on universal suffrage, which experience political alternance. It is their most salient common denominator. The system defines implicitly a set of rules for decision that are linked to the countries' conscience: rules that respect public opinion and its global aspirations, particularly with regard to environment issues. Depending on the context, relative variations of behaviour are due to the desire to copy countries' behaviour that  obtains the best results. It depends on the context, and thus the environment in which the countries evolve defines the action or actions that will most probably be undertaken.


From this point onwards, we will adopt the theory of evolutionary games as an implement for our considerations. In accordance with this theory, we assume a large population of countries involve in pair wise bargains, and where bargains are symmetric and static. We assume a population composed of countries guided by a "moral" structure as previously described. Therefore, countries play out a sequential PD in accordance with the value of parameters ei, i=1,2. The countries' e parameters are internal, and as previously stated they describe the influence of the environmental consciousness on the countries' behaviour. Given these definitions, countries, irrespective of their strategy choice, will only perceive monetary gains at the end of each interaction.


Within this analytical framework as point of reference, countries' individual characteristics are determined by the value of their e parameters. Each country is associated with a parameter space Ei which specifies that there are only two discrete types of environmental consciousness e in the set of countries:



Ei = {ei , 
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 }        i =1,2.





 (4)
The sets Ei, i =1,2, are composed of two separate values distinguishing two possible types of country. Thus, country i, i=1,2, of type ei will be interpreted as a country with a strong environmental consciousness, while a country of type 
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 will be considered to be a country with a weak environmental consciousness. To facilitate our understanding of the e parameter's role, we may equally say that a country i, i=1,2, of type ei is a country with a negative perception of the choice that it has made, while a type 
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 country is a country with a positive perception of its choice.


Without loss of generality, we have considered that the probability for each country to play first will be of 1/2. After the role assignment the players know their position in the game. The symmetrical extensive form associated with this new version of the game
 is described by figure 2.
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Figure 2.


 At this stage of argumentation, a remark has to be made. According to Carraro and Siniscalco (1993), and Rotillon and Tazdaït (1996), when international bargaining end up in an agreement and, a coalition of countries are getting involved in cooperation, the game, which is the most able to represent the context, is not the PD any more, but rather the chicken game. The following 2x2 matrix illustrates this game.

country 2






C


D





C
3,3


2,4



country 1






D
4,2


1,1 







figure 3.

The table describes a situation of j-1 countries that cooperate and, where a coalition is considered stable once it has included j countries. It is in the interest of countries 1 and 2, which do not belong to the coalition, to become members. If country 2 cooperates (C), the most profitable solution for country 1 is not to cooperate (D). Inversely, if country 2 does not cooperate, country 1 is encouraged to join the coalition formed by the j-1 cooperating countries. Therefore, we find two equilibria (D,C) and (C,D). In other terms, any country that does not wish to cooperate, will try to persuade other countries to accept cooperation. By this mean, a non-cooperating country will benefit from the reductions accepted by  cooperating countries and, the mechanism generates a de facto partial cooperation. 

In the configuration of Carraro and Siniscalco (1993), a countries' agreement results in significant reductions. It does not relate to our case, where reductions undertaken do not have a significant scope. Therefore, when a unilateral commitment becomes effective, the characteristics of the original game do not suffer from this event at all. Thus, we cannot consider the chicken game as a game structure of a context that would prevail after a unilateral commitment was undertaken. This argument does just confirm the interest of the sequential PD as a game structure which has the ability to represent the spontaneous unilateral commitment. The prevailing equilibrium concept in the game as formulated is that of an ESS
 as outlined by Maynard Smith and Price (1973). 

Definition 1


Given two strategies  s1 and s2,  (
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) is then the gain that country 1 expects to obtain by choosing s1 where the other player chooses s2. A monomorphic population (i.e, when all component of countries use the same strategy) may be stable if and only if all countries adopt strategy s1 that meets the two following conditions.



1. Equilibrium condition.




(
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) = (
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)
for all s2


2. Stability condition.




If 
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  and   (
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)  .

Definition 2


If s1 satisfies conditions (1) and (2), we say that s1 constitutes an ESS.


Clearly behaviour is evolutionary stable within a population if no other strategy can make a better score playing against s1 than s1 itself and when s1 cannot do better against itself than s2, if s1 makes a  better score against s2 than s2 itself. Consequently, strategies that average a better success than all the others are supposed to be copied or reproduced by a greater number of countries. The idea we are trying to capture is, that a collective learning process must progressively lead countries to choose a stable behaviour, because it is better adapted to their environment. The environment is understood as a set of strategies chosen by the agents.


Within the framework of an evolutionary approach, the parameters, which reflect the degree of environmental consciousness, describe countries' strategies. Further explanations are required. Countries are not endowed with a strong or a weak environmental consciousness by choice. This consciousness is a phenomenon that they value, depending in part on pressure groups that are working in one direction, or in an other. Although, countries are not the instigators of the phenomenon, they are nonetheless able to take into account these groups' expectations when making a decision. This ability of taking into account the aspirations of their public opinion is moreover one of the characteristic of the democratic countries. Therefore, various levels of environmental consciousness are expressed by different political options (or strategies). A strong environmental consciousness is associated with cooperative behaviour (or with a preference for cooperation), while a low level of environmental consciousness foreshadows an attitude of defection.


We will no longer argue that countries do, or do not cooperate, but rather that they are prompted by a strong or a weak environmental consciousness. Thus the construction of an argumentation according to the values of e parameters is simply a question of discussing strategy choices -since these parameters indicate the degree of environmental consciousness-, and thereby game strategies we have previously defined.


Consequently, the evolutionary approach consists in determining 
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 {e1 , 
 EMBED Word.Picture.8  

} for country 1 and  
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{e2 , 
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} for country 2. We note that this discussion is analogous to the section (2). Henceforth, we must take into account the element of chance: results depend on each country's type, but also on its position within the game. Thus, we infer the following matrix, showing the expected gains of each of the two types for each of the two countries.





e2
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e1

c , c


(a+c)/2 , (a+c)/2
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(a +c)/2 , (a+c)/2


a , a
Figure 4.


From this table, we see that whatever country 2's degree of environmental consciousness, a country 1 will obtain higher gains with a strong environmental consciousness than with a low environmental consciousness. The same is true for a country 2 with a strong environmental consciousness. Following Gauthier's idea about moral responsibility (1986), one possible interpretation would be as follows. Face with global environmental problems, it is an imperative duty to react in order to avoid a catastrophe with irreversible consequences. Thus, a strong environmental consciousness is a necessity. The population's future depends on this consciousness and, on countries' anticipation. In other words, given the moral and the economic context a unilateral attitude constitutes the best strategy to "preserve" the international community. We should note that this reaction is only possible so far, when each country's characteristics are known to all of them. It means that a country, which decides to undertake a unilateral emissions reduction, forestalls other countries action. Thus, it anticipates a cooperation movement. This reasoning leads us to believe that, despite the context, countries may choose not to proceed with unilateral reductions because of the uncertainty relative to other nations' behaviour. This result is only possible only in situation where the information available is incomplete (cf. the related assumption of "transparency" in Gauthier, 1986). The following section will cover a situation of incomplete information. Finally, we may sum up these comments by a proposition.

Proposition 1


Given complete information, in a sequential PD with environmental consciousness, strategy e is the only evolutionarily stable strategy.


To perceive the full significance of this result we may examine a specific example: the behaviour evolution of the nations' attitudes towards chlorofluorocarbon emissions (CFC).


The debate on the ozone layer begins in 1974 when the American scientists Molina and Rowland established a link between the chlorine released into the stratosphere of CFC and the possibility of a catalytic destruction of the ozone layer (Salles, 1993). The reaction of the United States following this discovery was immediate. The use of CFC 11 and CFC 12 in aerosol sprays was prohibited since 1978. In 1978, the United States engaged themselves in a unilateral reduction of their CFC emissions. It validates our reasoning concerning the assumption of responsibility. Because, the United States were the leader with a 35% share of the world market of CFC production and, consequentially, their responsibility for ozone destruction was far from negligible. The Scandinavian countries followed the United States' example and took similar measures, thus confirming the idea of a training effect.


This type of behaviour was facilitated by complete awareness of the problem particularities. First of all, the figures given that indicated, the various nations' responsibilities, were sufficiently explicit and beyond dispute due to the fact that CFC production is of human origin. Indeed in 1986, EEC countries and the United States were the principal consumers of CFC (with 30 percent each), followed by Japan (with 13 percent). The European Community and the united states were also the principal producers of these substances, and only the Community was a major net exporter. The production capacities of other developed countries were low, and most of them were net importers. The developing nations' consumption, estimated at 10 percent of the total in 1986, was substantially supplied by imports from the high revenue countries. It proved that the part of developing nations in overall responsibility to the phenomenon was negligible, while that of the industrialized nations was preponderant. Hence, it exists a clear line between countries liable to act unilaterally and, countries from which such behaviour cannot be expected. However, it was not sufficient to bring about a unilateral commitment. An additional element was needed: the admission by the scientific community that CFC emissions destroy the ozone layer played a major role. With this example, we do not find the same uncertainties that we associate with the greenhouse gases effect, where the existence of damage is still disputed and, where countries' responsibilities vary according to the criteria of measurement employed. Finally, a further explanatory factor must be taken into account: the sensibility of the public opinion, sensibility that is evaluated in consideration of the size of the ecological movements' audience. In the case of the ozone layer, European ecological movements (with the help of the NGO) tried to evoke the problem through the media in order to increase awareness of the problem: "In countries whose public opinion had not so far seemed to be affected (and this was still the case in France in the final quarter of 1988), the message delivered by the NGO finally interested the media and ... the politicians" (Faucheux and Noël, 1990). As a general rule, where there is complete information each country's public opinion is able to measure the damage resulting from global environmental problem. It is reflected in the influence wielded in such cases by the ecological movements.  

In the introduction, we held that the case of greenhouse effect was the object of  quasi-simultaneous unilateral commitments made by various industrialized countries, particularly by the European nations. Why should unilateral commitments in CFC emissions be more in accordance with proposition (1), than similar behaviour in the case of CO2 emissions? At first glance, these two actions appear similar. However, a major difference exists between these two actions. Following the prohibition of CFC use in aerosols by the United States and Scandinavia, came in march 1985 the signature by 21 countries, including all the major CFC producers, of the Vienna Convention relative to the protection of the ozone layer (Salles, 1993). Once the existence of the hole in the Antarctic ozone layer was revealed, co-operation reached a new dimension with the signature of the 1987 Montreal Protocol by an increasing number of nations concerned. No such a large-scale agreement was signed in favour of CO2 emissions reduction. Thus, in the context of information concerning each country's characteristics is complete, the signature of an agreement rationalizes co-operation in terms of unilateral commitment. We may even consider that, within the framework of global environmental problems, every international agreement is (always) preceded with a training effect. Be this as it may, the converse is not true. Not all unilateral commitments are necessarily followed by an international agreement. Such behaviour only takes place in the case where information is complete: in a situation where the full ramifications of the problem are known by all countries. It facilitates public opinion's appreciation of the situation: each country's responsibility, as well as the resulting damage, is of common knowledge. The major difference between the issue of the hole in the ozone layer and the greenhouse effect is to be found precisely in this point.


Completeness of information plays a double role. Firstly, it enables public opinion to realize the extent of the problem and, while to express itself - for example - through its support of environmental movements (thus inciting eventually the countries concerned to take unilateral action). Secondly, it allows the countries to start international bargaining without uncertainty on the dimensions of the issue under discussion. A significant agreement can emerge only from such a process.


Proposition (1) may also be justified by evoking a moral principle as defined by Sugden (1984, 1986).  In such a situation the countries, aware that their actions effect other countries' well-being, decide to cooperate because they feel morally responsible. To illustrate this idea we may consider the example presented by Barrett (1990): "Suppose every country but one reduce its emissions of some global pollutant by at least x tonnes. Let us further suppose that the recalcitrant nation would like all others to reduce their emissions by y tonnes each. Then the leaders of recalcitrant nation might feel compelled to obey the rule: if y > x, then we are morally obligated to reduce our emissions by at least x tonnes. If countries obey this rule, then the free-rider problem can be mitigated" but not excluded, for not all countries necessarily conform to this type of engagement. For generalized cooperation to occur the sense of obligation (which guides the countries) has to be sufficiently widespread. But no significant element permits us to believe that such is in fact the case; in other words cooperation will at best be only partial. This does not contradict our argumentation since we assume that only the industrialized nations are liable to (unilaterally) engage a policy of reduction. Since this type of country is not in the majority, cooperation still appears partial even where a training effect exists .

4. The evolution of environmental consciousness under incomplete information


We will now assume that players know their own type, but they do not know the type of their partners.
This case corresponds to a situation where countries do not have available means to estimate ecological movements' influence in other nations. A country as such can always determine such movements' influence within its own frontiers, through the results of a confidential opinion poll for example.


Given that p, 0
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p
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1, denotes the share of e type countries in the entire population and 1-p accordingly the share of 
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 type countries, we assume that the belief parameters p and 1-p are common knowledge. Moreover, each player knows his own type.

With probability 1/2 and independently of their type, players will get into the position of first or second mover. Afterwards players make their moves under common knowledge of p but ignorant of each other's type. The optimal decisions of the second mover do not depend on the type of the first mover. Thus, the second mover's information sets become strategically irrelevant. It means that we can predict the second player's behaviour. If it is an ei type country, it will use strategy U if the first player chooses U, and strategy N if the first player's choice is N. If it is a 
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 type country, it will always choose N, i=1,2.


By retracing the development of one stage in the game we examine the choice made by a country, which is the first to indicate its environmental policy. We note that this country, irrespective of its type, chooses to undertake a unilateral reduction of its polluting emissions if: 



p > (a-b)/(c-b)
.






 (5)

To verify this, we will consider the case of a country 1 of type e1 that chooses U. There is a probability p that country 2 will be of type e2. As we have previously demonstrated, country 2 will then opt for strategy U. Country 1 will therefore receive c with a probability of p. Conversely, in the case of a country 2 of type 
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 (with a probability of 1-p), country 1 will receive b with a probability of 1-p. Therefore country 1, by deciding to choose U, rejects at the same time N.


If N is chosen, the gain would be a, with a probability of p for a country 2 of type e2, and of 1-p for a country of type 
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. U is therefore more beneficial than N if:



pc + (1-p)b > pa + (1-p)a
,




 (6)

that is to say where:



p > (a-b)/(c-b)
.






 (7)

By using the same argumentation for the other cases, we come to the conclusion that regardless of its type, the country playing first will choose U if p > (a-b)/(c-b). Conversely, it will prefer strategy N if:



p < (a-b)/(c-b)
.






 (8)


If we wish to characterize the benefits anticipated by each of these two types, we must elaborate our argument according to the question whether the parameters' values are linked to the first or the second condition as determined above.


Consider p > (a-b)/(c-b). With probability 1/2 a country i of type ei, i=1,2, will be assigned the role of the first mover. By choosing U (owing to the initial condition), it anticipates a gain of 1/2[pc + (1-p)b]. However, with probability ½ it will play the game as a second mover. We know that a country i of type ei playing second will choose U rather than N, thus obtaining c. Thus, gain anticipated by type ei is therefore:



1/2[pc + (1-p)b] + 1/2 c = 1/2[pc + c + (1-p)b]
.

 (9)

If country i is of type 
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, it will play first with a probability of 1/2 and anticipates a gain of 1/2[pc + (1-p)b]. If it plays second (with a probability of 1/2), it will be more beneficial for it to choose N rather than U, since this choice procures a gain of 1. The anticipated gain for type 
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 is thus:



1/2[pc + (1-p)b] + 1/2 1 = 1/2[pc + 1 + (1-p)b]
.
            (10)

We see clearly that the anticipated gain associated with type 
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 is superior to that of type e since, in our assumptions, 1> c. We have thus demonstrated proposition (2).

Proposition 2


In the presence of incomplete information concerning the countries' type, no population containing a proportion p > (a-b)/(c-b) of e type countries can be evolutionarily stable.


If we adopt similar developments for the case where p < (a-b)/(c-b), we establish proposition (3).

Proposition 3


In the presence of incomplete information concerning the countries' type, a population containing a proportion 1-p  of 
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 type countries is evolutionarily stable if p < (a-b)/(c-b).


Proposition (2) teaches us that if the world is composed of countries with a strong environmental consciousness, the advent of countries with a weak environmental consciousness may harm cooperation. Once such countries have manifested their non cooperative behaviour, countries that formerly cooperated immediately follow their behaviour. Thus, when countries are not totally aware of one another's characteristics, it is difficult to maintain cooperative behaviour. To explain this, we can make the following statement: when a significant number of countries are engaged into cooperation, it becomes advantageous to adopt a free-rider behaviour because non co-operators benefit from other nations' efforts, without the inconveniences of co-operation. It increases the temptation to defect. The aim of unilateral commitment is to trigger a training effect that results in signing a significant international agreement. If uncertainties in reaching an agreement exist (due to the instability of the coalition of cooperating countries), nothing secures that nations will commit themselves into spontaneous cooperation. This result remains true despite a high proportion of countries with a strong environmental consciousness.

A question is rising: how countries may not be aware of one another's type? As a general rule, we value a nation's degree of environmental consciousness with the size of its resident "green" electorate. At the same time this green electorate is also liable to vote for traditional political parties. This is particularly the case when major preoccupations are purely economic, rather than environmental. Thus, when environmental issues are in the backstage public opinion, without losing its environmental sensibilities, will be more inclined to rally traditional political parties. This obviously complicates the evaluation of countries' type.


Global environmental problems lose their impact within the national debate if their existence or/and eventual consequences are questioned. For example, it is true within greenhouse effect where numerous uncertainties remain. At first glance, it is impossible to envisage a widespread phenomenon of cooperation in such a case. The facts bear this out, thereby leading to proposition (2). Therefore in a situation with incomplete information, unilateral commitment is not totally excluded, but it will be limited in comparison to a situation of complete information. Only a small number of countries will undertake unilateral emissions reductions. Since this group's influence remains limited, a movement wide enough to attain a significant international agreement - such as the Vienna Convention and Montreal Protocol relative to the ozone layer - cannot be foreseen.


As shown by proposition (3), in the presence of incomplete information, any initial proportion p smaller than (a-b)/(c-b), the situation will start out at that point, and moreover stay here. This conclusion is annoying because it means that if the number of countries intending to act unilaterally is low, no significant movement will develop. Environmental consciousness therefore plays a leading role: it must be sufficiently widespread amongst the countries in order to trigger significant action.


Given this analysis, we can refer to certain comments of the US Environmental Protection Agency
, in order to clarify them: "In 1987 the United States restricted the use of CFCs in aerosols. While several nations adopted similar restrictions (e.g. Sweden, Canada, Norway) and others partially cut back their use (European nations, Japan), there was no widespread movement to follow the United States' lead. Concerns existed then that other nations had failed to act because the United States and a few other nations were making the reductions thought necessary to protect the ozone layer. Similar concerns exist today that unilateral action could result in 'free-riding' by some other nations".

Thus, the EPA thinks that in order to be beneficial, a unilateral commitment must create a widespread training effect such that all other countries follow. Cooperation is meaningful, or efficient, when it is coordinated. Since the problem discussed (in this case the degradation of the ozone layer) is common to all and involves multiple interactions. In such a context, unilateral commitment must be interpreted as an introduction to more important movement towards international bargaining. Such bargaining is the only way to lead countries to take efficient collective action. As the EPA's comments show, the United States' unilateral commitment was the starting point of a training effect. This trend was most significant, to the extent that it "facilitated" (brought about) the adoption of the Montreal Protocol. Therefore, there is no reason to question this training effect, particularly since it implied the participation of nations that bore the greatest responsibility.


Concerning greenhouse effect issue the present-day situation is different. The main reason is the lack of information concerning both environmental problems as such and public opinion's awareness. After a strong break-through in the 80's, ecological movements have partially fallen apart. Such a situation results more from the fact that traditional parties have adapted their programs towards public's preoccupation on the environment, rather than a lack of interest from the public to the environment itself. Nowadays, all political parties demonstrate environmental ambitions and, consequently it becomes more difficult to get the right picture of public concern regarding the environment. It becomes difficult to distinguish the weight of environmental preoccupation in electors' choice amongst others issues, such as unemployment or poverty. It increases the asymmetry of information regarding our knowledge of countries' types. Thus, it complicates the problem even more. Nevertheless, many countries have undertaken unilateral commitments, and it implies that the proportion of countries with strong environmental consciousness is higher (or at least high enough to initiate a movement). Multilateral agreements have been signed, particularly within the European Union. These factors tend to demonstrate that, despite certain countries do take advantage of informational asymmetry in order to justify their non-commitment, the extent of cooperative behaviour is sufficient to ensure the emergence of a coalition of countries with a strong environmental consciousness. Consequently the coalition is stable, that is to say coalition members have no interest in leaving the coalition while those that are not members have no interest in joining it.

5. Conclusion


In this paper we have qualified the action of unilateral commitment as being the product of a strong environmental consciousness. As far as interesting though our results may be, they remain relative. We have stressed a single facet of unilateral commitment, one amongst multitude of other possible aspects. It would possibly have been to relate this movement to the countries' commercial or research and development policies.


Within the framework chosen for our interactions, we remark that country's choice to reduce unilaterally its polluting emissions depends on the information relative to other nations' characteristic that the committed country disposes. When such information is complete, the commitment is the result of a strategic calculation: the country acts in such a way as to favour a training effect, which will be embodied by an international conference. This conclusion seems less obvious in a case of incomplete information. Because all aspects lead us to believe that the commitment would be bound to fail (due to the fact that the anticipated training effect would be far too limited). Certainly, in the case of a high proportion of countries with a strong environmental consciousness is negligible, non-cooperative behaviour will predominate. At the contrary, in the case of such countries are more numerous the result is less evident.   


We assume that the aim of a commitment is the creation of a (reduced) training effect that will subsequently enable the setting up not of a large-scale conference but rather of a coalition of "leader" countries from whom cooperation will be established. Then, we can imagine that the countries forming this group will unite themselves in a coalition of so-called "leaders". Consequently, information and environmental consciousness play specific roles: they act as criteria of selection of countries' real motivation.
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� It has to be underlined that the concepts of "environmental concern" (e.g., Hillmann and Ursprung, 1994) and "environmental consciousness" (e.g., Petrakis and Xepapadeas, 1996, Santopietro, 1995) are as well represented in literature.


� Faber and Proops (1993), Ring (1997), Bergh van den and Gowdy (2000) give a clear presentation of evolutionary approach and its relevance regarding environmental economics.


� The indirect evolutionary approach allows endogenous derivation of the rules of the game (see Güth, 1991; Güth and Yaari, 1992), and it can therefore be viewed as a way to generalize neo-classical  theory which traditionally takes such rules to be exogenously determined.


� In this framework the commitment may be viewed as subjective: it influences others only by convincing them that an individual will act in ways not in his/her interests (Hirshleifer, 1987). Indeed, "the commitment model is a tentative first step in the construction of a theory of unopportunistic behavior" (Frank, 1988).


� Consequently this game is a bargaining between two countries, given all countries bargain two by two. This situation is realistic since it is easier to conclude an agreement between two countries than with many countries.





� ESS is a refinement of the Nash equilibrium concept. For more precisions, see Van Damme (1994), Weibull (1995), Vega-Redondo (1996) and Mailath (1998).





� EPA (1988), "Protection of Stratospheric Ozone; Final Rule" extracted from Barrett (1990).
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