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Voluntary Commitment to Environmental Protection:

A Bounded Rationality Approach

Markus Pasche, University of Jena, Faculty of Economics

Carl-Zeiss-Str. 3, D-07743 Jena, email: m.pasche@wiwi.uni-jena.de

Abstract: Global environmental protection is characterized as a public good.
In contrast to the national level where the state is able to regulate external
effects, there is a lack of supranational institutions which have enough power
to force countries to reduce pollution levels. In spite of the free-riding problem
it can nevertheless be observed that countries sometimes commit themselves
to contribute to the public good ‘environmental protection’. The case of the
Kyoto protocol for global CO2 reduction demonstrates that some countries make
substantial volunatry contributions, but others do not or on a much less level.
The paper provides a game-theoretic explanation how the free-riding-problem can
be overcome to some extent by voluntary cooperative behavior. It is analysed
under which conditions free-riding countries can be motivated to make at least
small pollution reduction efforts.

Keywords: global environmental policy, public good, voluntary cooperation,
bounded rationality, game theory.

JEL-Classification: C72, D70, Q58

1 Introduction

In standard environmental economics pollution is characterized as an external effect of

economic activity. This means that the welfare of other subjetcs is affected by these

activities and that the effects are not compensated via the price system. Therefore, the

price system is incomplete and leads to an inefficient allocation of goods and factors

as well as to a loss of welfare. A reduction of pollution has then the characteristics

of a public good: All subjects benefit from better environmental quality in a non-

rivalry way and nobody can be disclosed from the benefits. On a national level the

state is an institution which has the power to control pollutive acitivities, either by

forcing the national pollutants (technological restrictions, quantitative limitations) or

by incorporating external costs into the price system (environmental taxes or tradable

pollution rights). Such policies are seen as appropriate answers to the market failure.
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Unfortunatley, many environmental problems like the emission of the greenhouse gas

CO2 are global problems. A reduction of greenhouse gas emissions is then a contribu-

tion to a global public good. Moreover, an unilateral reduction by one country will have

only marginal ecological effects and henceforth little benefits for the country itself while

its reduction costs are very high. Only if a critical mass of countries make substantial

pollution reduction efforts there is a significant positive effect. Due to the public good

property the free-riding problem arises. There is no supranational institution which

has enough power to force national governments to contribute to the public good or to

establish a global incentive compatible mechanism of pollution control. Nevertheless,

in the past many environmental contratcs between countries or at least declarations

of intent have been made. This is remarkable, since deviations from the announced

policy or violations of contracts will hardly lead to substantial sanctions. From a clas-

sical game-theoretic point of view contracts or declarations without powerful external

institutions have no sufficient commitment power (see e.g. Böhringer/Vogt (2003) for

a critical assessment of the Kyoto protocol). But nevertheless, some of them seem to

work.

Classic game theoretic explanations for cooperation in a dilemma situation like the pub-

lic good game are not very convincing in the context of global environmental protection.

Approaches like the Folk theorem results or stratgic commitments as reputation signals

always require repeated games and/or special assumptions about asymmetric informa-

tion. In real world situations countries interact repeatedly, but each time in a different

context with different information conditions including scientific knowledge. Especially

there are no convincing explanations for the empirically relevant co-existence of coop-

erative and free-riding behavior. Hence, the theory of repeated games seem to be of

limited use for analysing international environmental agreements. Furthermore, there

is a lot of experimental evidence that agents do not behave according to the rational

man paradigm. In experimental public good games and bargaining games there is

robust evidence that people make substantial voluntary contributions and seem to be

guided by fairness and reciprocity norms rather than rational opportunism (cf. Led-

yard (1995), Keser (2002)). It seems to be promising to use game-theoretic concepts

on the basis of bounded rationality to explain this kind of behavior and to apply them

to the problem of international contracts about environmental protection.
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The paper ist strucured as follows: Chapter 2 briefly reviews the basic game-theoretic

concepts which account for boundedly rational decision behavior. In chapter 3 the

general structure of the public good game is presented as a model for the contribu-

tion to global pollution reduction. Different cases of games with three countries are

explicetly analyzed in chapter 4. Depending on the parametrization it is shown under

which conditions voluntary contributions – guided by reciprocity norms or by rational

imitation of reciprocity – occurs and can eventually co-exist with free-riding behavior.

Chapter 5 summerizes the results and briefly discusses some policy implications.

2 A gAme-theoretic concept for bounded rationality

It is often claimed that decision behavior should no longer a priori identified with

expected utility maximizing as it is the usual notion or rationality in economics (cf.

Conlisk (1996), Selten (1990)). In a strategic context pure rational behavior can be

characterized by choosing the best response to the expected decisions of all other

players. Let Si be the strategy space of player i = 1, ..., n with si ∈ Si as his strategy, let

s−i = (s1, ..., si−1, si+1, ..., sn) the strategy vector of all players except i, and ui(si, s−i)

denotes the payoff function. Then

s∗i ∈ arg max
si∈Si

ui(si, s
e
−i) = f br(se

−i)

is the best response map. A Nash equilibrium is a strategy profile (s∗i , s
∗
−i) where all

agents play he best response and where the realized and expected decisions are identical.

We generalize the approach by assuming that payoff maxizing is only one possibility

to respond to the expected decisions of other players. More generally, si ∈ fi(s
e
−i)

describes the way how player i responds to se
−i. The function (or correspondence) fi

is called a behavioral rule and it characterizes the pattern, how decisions are made.

Such patterns emerge due to habit formation, social norms, specific cognitive concepts

etc., and they have to be defined on the basis of empirical evidence. An equilibrium

requires that behavior must not depend on contrafactual expectations, and that every

player decides in full accordance with the adopted pattern of decision making fi. An

appropriate notion of equilibrium is a strategy vector (s∗i , s
∗
−i) with s∗i ∈ fi(s

e
−i) and

se
i = s∗i for all i = 1, ..., n (for details cf. Pasche (2001)). Such a strategy vector
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is defined as a behavioral equilibrium: All players have consistent expectations and

make decisions according to their adopted behavioral pattern. It has to be noted that

the Nash equilibrium is a refinement of a behavioral equilibrium where all players

adopt the best response rule fi = f ∗ ∀i. Since each behavioral equilibrium depends

on the behavioral rules which governs the decision making process, the equilibrium

can also be denoted as (s∗1(f1), ..., s
∗
n(fn)). This means that the distribution of rules

induces a behavioral equilibrium. However, the existence and uniqueness of such an

equilibrium is not ensured. In the present context of complete information a behavioral

equilibrium requires that the rules are Common Knowledge. The more complicated

case of uncertainty about the rule type of other players is not considered in this paper.

One main problem of modelling boundedly rational behavior is the danger of con-

sidering complete aribtrary behavioral patterns, based on arbitrary assumptions (see

Rubinstein (1998), p.4). Some of the behavioral hypotheses may have good descriptive

properties but the explanatory power can be questionable. To escape from arbitrareness

in considering rules fi it has to be explained why players only adopt certain behavioral

rules. For this reason we assume that actual decision behavior is governed by fixed

rules, but that the rules themselves may change in the long run by individual learning

or some kind of adaption processes. Individual learn, how to make (good) decisions

(see, again, Rubinstein (1998), p.4). Furthermore, we assume that due to the adaption

process only those rules are adopted which have a good performance, measured by ex-

pected equilibrium payoffs. Good performing rules are more likely to be adopted than

poor performing ones. In the long run we then can identify rule profiles (f ∗1 , ..., f ∗n)

(implying specific behavioral equilibria, if they exist) where no player can benefit from

adopting another rule. Let F be the set of all feasible rules. Then (f ∗1 , ..., f ∗n) is called

an equilibrium rule profile if

f ∗i ∈ arg max
fi∈F

ui(s
∗
1(f

∗
1 ), ..., s∗i (fi), ..., s

∗
n(f ∗n)) ∀i,

where (s∗i (·), s∗−i(·)) is the induced behavioral equilibrium. This is equivalent to a

Nash equilibrium on the level of rules instead of strategies. Norms, habits or other

determinants of actual decision behavior – and even distributions of heterogeneous

determinants – are not presupposed but endogeneous outcomes of equilibrium profiles.

The concept of equilibrium profiles serves as a selection device: It identifies ‘justifiable’
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rules among a large variety F , and it is able to derive the specific conditions under

which certain rules will be adopted and others not. A boundedly rational rule fi can

economically be justified as being a part of an equilibrium rule profile. This implies

that it is not beneficial for each agent to adopt another decision pattern like payoff

maximization (f br) because this would induce a different behavioral equilibrium with

lower equilibrium payoffs. If an equilibrium profile is interpreted as the long run out-

come of an evolutionary adaption process it is remarkable that rational maximizing

behavior generally cannot be justified as the unique dominant best performing behav-

ioral pattern, as it was argued by Alchian (1950). Moreover it can be the case that –

depending on the context – equilibrium distributions of diffrent rules may exist even if

agents are assumed to be identical.

3 The public good game: Volunatry contributions and free-riding

We apply the methodology of chapter 2 to a public good game. It is assumed that n

players make contributions to a public good ci ∈ [0, ai], i = 1, ..., n where ai > 0 is the

status quo pollution of country i. This implies that all other n − 1 players can not

be disclosed from the benefits and that there is no rivalry in ‘consuming’ the good. A

simple but appropriate payoff function can be written as

ui = −ci + βi

n∑
i=1

ci. (1)

with βi ∈ [ai/
∑

i ai, 1] as the marginal return of contribution. If βi > 1 would hold true

then there is no dilemma situation since each country would benefit from its own (full)

contribution ci = ai regardless of the other player´s decisions. In case of β < ai/
∑

i ai

the player would never have a positive payoff even if all player make full contributions.

Without loss of generality we normalize
∑

i ai = 1 so that ai ∈ [0, 1]. Different pa-

rameters ai account for the possibility that agents may have different opportunities to

contribute. In case of global pollution reduction a large emitter of greenhouse gases is

able to make quantitatively larger contributions than a small emitter. The parameter

βi can also be country-specific. It is reasonable to argue that countries with very high

opportunity costs of emission reduction will have lower values of βi. Moreover, it is

possible that countries are differently affected by the external effects of pollution, e.g.
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countries may more or less suffer from the greenhouse effect. This can also be expressed

by different βi.

It is obvious that the solution of maximizing (1) is ci = 0 which is the dominant

strategy. This means that free-riding is the unique best response to the decisions

of other players. The Nash solution ci = 0 ∀i is Pareto inferior because all players

would benefit from full contributions ci = ai ∀i. As a first step we identify rational or

‘opportunistic’ decision making as a behavioral rule f o with

ci = f o(c−i) = 0. (2)

In experimental games it is observed that agents are neither strictly opportunistic,

nor they are unconditional cooperative, friendly, or fair. They behave rather friendly,

cooperative and fair conditional to the (expected) behavior of other players. This phe-

nomenon can be described as a reciprocity norm. In the present case we have a multiple

agent game. We assume that reciprocity-guided agents (countries or governments) will

make positive investments in the public good according to the average (relative) contri-

butions of the other players 1/(n− 1)
∑

j 6=i(cj/aj). A simple version of such reciprocal

behavior is given by

ci =
ai

n− 1

∑

j 6=i

cj

aj

implying that the contribution level equals the average contribution of all other players.

However, this simple reciprocity rule has two severe shortcomings: (a) If all players

adopt this rule there is a broad continuum of behavioral equilibria within the range

c∗i ∈ [0, ai] with ci/ai = cj/aj∀i, j. It is an open question which equilibrium is selected.

Furthermore, each equilibrium can easily been disturbed by small (stochastic) devia-

tions because all agents would immediately respond to the deviation. (b) The presence

of only one opportunistic free-rider even in a large population of players would reduce

the equilibrium space to the unique solution ci = 0 ∀i. In case of an arbitrary small un-

certainty about the rule type of other players it is very unlikely to establish a solution

with positive contributions.

A much more robust reciprocity rule f r is obtained if a base rate of cooperation b is

introduced which is assumed to be the same for all players:

ci = b +
(ai − b)

n− 1

∑

j 6=i

cj

aj

= f r(s−i), (3)
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If no player j makes a positive contribution to global pollution reduction the reci-

procity rule implies ci = b where b > 0 may be very small and must not exceeding

arg min{a1, ..., an}. If all players choose cj = aj also the reciprocity rule will fully

cooperate with ci = ai.

In the following we analyze a static version of the game. To account for dynamic

aspects we will extend the opportunistic rule in the following way: If a free-riding

country wants to benefit from positive contributions of other countries in the future,

it has an incentive to prevent these countries from switching to the opportunistic rule.

Even if the reciprocity norm is not binding for the opportunistic country, it has self-

interest in preserving this norm in other countries. Hence, opportunistic countries may

‘imitate’ reciprocal behavior by making (small) contributions coi which solves

min
ci∈[0,ai]

ci s.t. uj(sj, s−j) > 0 ∀j ∈ {k|fk = f r}.

This critical contribution is at least a neccessary contition for the norm-guided players

to stay cooperative because this guarantees positive payoffs compared to zero payoff

in a pure opportunistic scenario. This kind of behavior is called imitation rule f oi and

is a variant of rational opportunistic behavior. All rules have the property that each

rule profile (f1, ..., fn) implies a unique behavioral equilibrium what makes the analysis

comfortable.

4 Voluntary pollution reduction: the case of three countries

4.1 Identical countries

Assume that there are n = 3 countries which are responsible for globally relevant

emissions. The governments of these countries know that a reduction of these emissions

is desireable and welfare-improving. For simplicity we normalize the reduction goal

to one and assume that each country i can commit itself to reduction contributions

which cannot exceed ai with
∑

i ai = 1. The decision behavior in these countries is

characterized by a rule fi ∈ {f o, f r}. Since the countries or governments, respectively,

interact for a very long time, it can be justiified that behavioral rules are assumened
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to be Common Knowledge. We have four possible rule profiles:

(f o, f o, f o), (f o, f r, f r), (f o, f o, f r) (f r, f r, f r).

Obviously (f o, f o, f r) can never be an equilibrium profile because the norm-guided

country will have negative payoffs ui = (βi − 1)b < 0 so that switching to the oppor-

tunistic rule is always beneficial. Furthermore, with certain parametrizations, also a

f o-player may benefit from switching to f r. It has to be noted that pure opportunistic

behavior (f o, f o, f o) is always an equilibrium rule profile. No country can benefit from

unilaterally adopting the reciprocity rule.

However, a remarkable number of cases of voluntary contributions to global environ-

mental policy can empirically be observed. This can be explained by the hypothesis

that norm-guided reciprocal behavior is beneficial and that an unilateral switch to free-

riding will also harm the switching country itself. Of course the opportunistic country

would ceteris paribus have additional payoffs −(βi − 1)ci > 0 but since free-riding

reduces the average contribution it induces the norm-guided countries to reduce their

efforts as well. To keep analysis simple we first consider the case of three identical

countries, i.e. ai = 1/3∀i and βi = β∀i. It turns out that in case of F = {f o, f r} only

pure opportunistic or pure reciprocity behavior can be equilibrium profiles:

Proposition: Let F = {f o, f r} and ai = 1/3, βi = β∀i. Then (f o, f o, f o) is the

unique equilibrium profile if and only if

β <
1

3

3b + 1

1− b
.

Otherwise (f o, f o, f o) and (f r, f r, f r) are both equilibrium profiles.

Proof: Consider the behavioral equilibria induced by (f r, f r, f r), (f r, f r, f o) and

(f r, f o, f o) by calculating the fixpoint of the system ci = fi(c−i), i = 1, 2, 3 where

fi is either (2) or (3):

cr
i = ai =

1

3
for (f r, f r, f r),

cr
i =

2b

3b + 1
, co

j = 0 for (f r, f r, f o),

cr
i = b, co

j = 0 for (f r, f 0, f o),
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with the payoffs

urrr
i = β − 1

3
> 0, urro

i =
2b(2β − 1)

3b + 1
, uorr

i =
4bβ

3b + 1
,

uroo
i = b(β − 1) < 0, uoro

i = bβ > 0.

The three upper indices denote the rules of the three players where the first upper

index denotes the rule of the actual player. If one country adopts f o and the second

country adopts f r the third country will benefit from adopting the reciprocity rule if

urro
i ≥ uoro

i ⇐⇒ β ≥ 2

3

1

1− b
= β∗

If two countries adopt f r then the third country benefits from adopting f r if

urrr
i ≥ uorr

i ⇐⇒ β ≥ 1

3

3b + 1

1− b
= β∗∗

Since the base rate b > 0 cannot exceed ai = 1/3 it follows β∗∗ ≤ β∗ ∀b (see figure

1). If β < β∗∗ the profile (f r, f r, f r) is not an equilibrium because it is beneficial

for one country to deviate. But also the resulting configuration (f r, f r, f o) ist not an

equilibrium because β < β∗∗ implies β < β∗. Therefore, it is beneficial for one of

the remaining f r-players also to switch to opportunistic rule. It is evident that the

resulting profile (f r, f o, f o) is also no equilibrium. Hence, (f o, f o, f o) is the unique

equilibrium. For β > β∗∗ it is evident that (f r, f r, f r) is an additional equilibrium

profile.

Corollary: If β > β∗∗ holds true the emerging equilibrium profile (f r, f r, f r) can

have different ‘basins of attraction’. Assume that β > β∗ > β∗∗. Then with (f o, f r, f r)

as well with (f o, f r, f o) it is beneficial for an opportunistic player to switch to f r. In

case of β∗ > β > β∗∗ in the same rule profiles it is beneficial for one norm-guided player

to switch to f o, and the cooperation will break down. Positive contributions to the

public good then require that all countries decide according to f r.

The static analysis provides a very limited view on the behavior of governments. It

has been argued that in the long run the behavioral patterns may change and adapt

to better performing rules. In a scenario where one or two countries are free-riders it

is easy to anticipate that – depending on β∗i , β
∗∗
i – the norm-guided behavior in the
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Figure 1: Critical values for β

other countries will perform poorly. There is the danger that the norm ‘erodes’ and

all countries will behave opportunistic in the long run. There may be an incentive

for an opportunistic country to ‘simulate’ reciprocal behavior in order to sway the

norm-guided countries to keep their norms. The consideration is that the opportunistic

country waives a part of its large payoffs from free riding by making little contributions

to the public good. This will at least be compensated by positive payoffs in the future

(instead of running into a complete non-cooerative solution with zero payoffs). Even

if the country imitates reciprocal behavior, it is still rational because it maximizes

discounted payoffs. As discussed above, we refer to this kind of behavior as rule f oi.

Assume a scenario (f r, f r, f oi). The opportunistic player may have an incentive to

assure that the norm-guided countries have a positive payoff in the long run. Basic
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algebraic calculations show that the critical contribution of the imitating country is

coi = min

(
max

(
0,

2b(1− 2β)

(3b + 3β − 3bβ − 1)

)
, ai

)
.

The critical contribution is positive if β < 1/2 holds true (see the dotted line in figure

1). In case of 1/2 < β < β∗∗ imitation is not beneficial in this profile. Inserting coi into

the behavioral equilibrium yields the corresponding contributions of the norm-guided

countries:

cr =
2bβ

(3b + 3β − 3bβ − 1)
≥ coi

Similar considerations hold true for the case of (f r, f oi, f oi). In general, it is never

beneficial for a country to be the unique norm-guided player. But the opportunistic

players can sway it to keep the norm by making some (small) contributions. Since each

opportuinistic agent will benefit from the imitating behavior of the other country, it

is a coordination problem how the burden of neccessary critical contribution should

be allocated to the opportunistic players. If one opportunist reduces his contribution

unilaterally, the other opportunist has an incentive to increase his contribution in

order to assure the critical total contribution level. Hence, there will be a continuum

of solutions where the critical total contribution

cOI =
2b(1− β)

(3b + 3β − 3bβ − 1)
> coi

is somehow allocated to the two opportunistic countries. For each feasible (b, β)-

parametrization cOI ≥ 0 holds true. These results, based on some dynamic con-

siderations, show that a variety of reciprocal and opportunistic (imitating) behavior

can be justified as equilibrium profiles. The possible equilibrium profiles (except for

(f o, f o, f o)) are depicted in figure 2.

4.2 Country-specific parametrizations

We assume that the parameters βi are different, e.g. because the countries are af-

fected by the external effect in different ways or have different opportunity costs of

pollution reduction. Then we have specific critical values β∗i and β∗∗i . In case of

β1 > β∗1 , β2 > β∗2 , β3 < β∗3 there is an additional equilibrium profile (f r, f r, f o). Reci-

procal and opportunistic behavior co-exist in this case. If the model is generalized to n

11



b

β
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(f r, f r, f oi)

(f r, f r, f oi)

Figure 2: Additional equilibrium regimes

countries it could be expected that there exist multiple equilibrium profiles with differ-

ent proportions of free-riding and cooperative behavior, depending on the distribution

of βi.

A further variation concerns the magnitude of the countries, measured by their en-

vironmental impact ai. To incorporate such magnitude differences into the model

in a simple way we assume that there are two identical small and one big country:

a1 = a2 = a, a3 = 1 − 2a (without loss of generality it is assumened that the big

country has the index 3). The parameter a is then a further degree of freedom in the

analysis. It can be shown that the qualitative results of the former section are not much

affected by this modification. It turns out that for the big country it is more likely to

be an opportunist as for a small country. This is plausible because the big country has

only little benefits from the contributions of small countries while the payoff decreases

with each reduced unit of own emissions. On the other hand the small countries have
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large benefits from the efforts of the big player. Assume that both small countries

follow the reciprocity rule f r. From computation of the behavioral equilibrium payoffs

we obtain the critical β-value for the big country

β∗∗3 =
(1− 2a)(b + a)

b + a− 4ba
≥ β∗∗

which is larger than the according critical value in case of three countries of the same

size (a = 1/3). It is not surprising that the critical value β∗∗3 negatively depends on a:

The larger the inequality between small and big countries is, the higher the marginal

returns on contribution have to be in order to motivate the big country for cooperation.

The same result is obtained for the critical β-value in case of one cooperative and one

free-riding small country:

β∗3 =
2(1− 2a)

2− 3a− b
≥ β∗

Since β∗3 > β∗∗3 holds true, it is more likely to run into a complete free-rider situation,

the larger the inequality between the country sizes is. In figure 3 both critical β-values

are plotted for the case a = 1/4 (dotted lines for equally sized countries).

If the big country does not cooperate it is very likely that also the norm-guided countries

will switch to f o in the long run. This would also have a negative impact on the big

country. Hence, there may be an incentive to imitate reciprocal behavior by making

small pollution reduction efforts. The critical value to sway the small countries to

behave cooperative is

coi
3 = min

(
max

(
0,

(1− 2a)(2a− 3aβ + bβ)b

(ba− a2 − 4abβ + bβ + aβ)

)
, a

)
.

This implies that the larger the size difference is, the lower is the critical contribution

of the opportunist (∂coi
3 /∂a > 0). But even if the big player contributes nothing, the

small countries will adopt f r if

βi >
2a

3a− b
.

Even if this condition does not hold true, one small country may motivate another

small country to keep up the reciprocity norm by making ‘imitating’ contributions

coi
i = min

(
max

(
0,

2ab(β − 1)

a− b− (b− 3a)β

)
, a

)
.
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Figure 3: Critical values for β in case of a big country

These are possible explanations why small countries commit themselves to substantial

environmental policy while the big country behaves as a free rider – like it is the case

of US policy of non ratifying the Kyoto protocol (cf. Hovi/Skodvin/Andresen (2003)

for further analysis of the motives of small countries).

5 Conclusion

The analysis provides the following results:

• Norm-guided reciprocal behavior as well as opportunistic free riding can be a

part of equilibrium profiles and are hence justifiable as reasonable behavioral

patterns. This means that substantial contributions to a global environmental

policy are possible. The problem of free riding in a public good game can partially

be overcome even without supranational institutions which are able to sanction
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governments. This is in sharp contrast to classic game-theoretic analysis which

is based on pure rational behavior.

• The distribution of diffferent behavioral rules and hence the distribution of pol-

lution reduction efforts depends on ai and βi. Cooperation is more likely if the

marginal returns on contributions βi are high.

• Large inequalities in country sizes (different ai) make voluntary contributions

more unlikely. The parameter regions wehere big countries benefit from free

riding are larger than in case of equally sized countries.

• In all cases the danger of running into a complete non-cooperative situation

(f o, f o, f o) in the long run can be ward off when the opportunistic countries

‘imitate’ reciprocal behavior by making small pollution reduction efforts.

What can countries do in order to motivate other countries to behave reciprocally or at

least to imitate reciprocal behavior? First, it may be possible that the marginal return

on contribution can be increased by side-payments of the cooperative countries. This

presupposes that for the opportunistic country the side-payments overcompensate the

negative payoff effect of own contributions, and that the payments are smaller than

the additional benefits of the norm-guided countries.

Another, more simple, possibility is to change the base rate of cooperation b. Consider

(f r, f r, f o). The critical value β∗∗ in case of identical countries (see figure 1) implies

that for aech value of β there exists a sufficiently low value for b so that the opportunistic

player benefits from switching to f r. In case of differently sized countries, instead, there

is always an interval of sufficiently low β-values so that this mechanism unfortunately

does not work (see figure 3). A decrease in the base rate b will sway the big country

to adopt f r only in case of hgh β3-values.

If there is no possibility to motivate a country to adopt f r it is possible to increase

their ‘imitating’ contributions (if they imitate at all). The expressions coi, cOI , coi
3 show

that the imitating contributions and hence the total wealth are positively related with

b. In this case norm-guided countries would benefit from increasing the base rate b.

Since in reality the values of βi are very uncertain and may also depend on private
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information about subjective values, an increase of the base rate is very risky, however,

because this also increases β∗i , β
∗∗
i and may induce opportunism.
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Böhringer, C., Vogt, C. (2003), Economic and environmental impacts of the Kyoto

Protocol. Canadian Journal of Economics 36, 475-496.

Conlisk, J. (1996), Why Bounded Rationality? Journal of Economic Literature 34,

669-700.

Hovi, J., Skodvin, T., Andresen, S. (2003), The Persistence of the Kyoto Protocol:

Why Other Annex I Countries Move on without the United States. Global Envi-

ronmental Politics 3, 1-23.

Keser, C. (2002), Cooperation in Public Goods Experiments, in: Bolle, F., Lehmann-

Waffenschmidt, M. (eds.), Surveys in Experimental Economics. Heidelberg/New

York: Physica.

Ledyard, J. (1995), Public goods: A survey of experimental results, in: A.E. Roth

and J. Kagel (eds.), Handbook of Experimental Economics. Princeton University

Press.

Pasche, M. (2001), Equilibrium Concepts for Boundedly Rational Behavior in Games.

Diskussionspapier Reihe B Nr.2001/03, Universität Jena, Wirtschaftswissenschaftliche

Fakultät.

Rubinstein, A. (1998), Modeling Bounded Rationality. Cambridge/London: MIT

Press.

Selten, R. (1990), Bounded Rationality. Journal of Institutional and Theoretical Eco-

nomics 146, 649-658.

16



Jenaer Schriften zur Wirtschaftswissenschaft 

2004 

1/2004  Uwe Cantner, Werner Güth, Andreas Nicklisch, Torsten Weiland: Competition in Innova-
tion and Imitation - A Theoretical and Experimental Study. 

2/2004  Uwe Cantner und Andreas Freytag: Eliten, Wettbewerb und langer Atem - Ein praktikabler 
Vorschlag zur Schaffung von Eliteuniversitäten. 

3/2004  Johannes Ruhland und Kathrin Kirchner (Hrsg.): Räumliche Datenbanken - Überblick und 
praktischer Einsatz in der Betriebswirtschaft. 

4/2004  Uwe Cantner und Holger Graf: The Network of Innovators in Jena: An Application of So-
cial Network Analysis. 

5/2004  Uwe Cantner and Jens J. Krüger: Empirical Tools for the Analysis of Technological Hetero-
geneity and Change - Some Basic Building Blocks of “Evolumetrics”. 

6/2004  Roland Helm: Export Market Entry Strategy and Success: Conceptual Framework and Em-
pirical Examination. Erscheint als: Market Commitment, Export Market Entry Strategy and 
Success: Conceptual Framework and Empirical Examination. International Journal of Global-
isation and Small Business. 

7/2004  Roland Helm und Michaela Ludl: Kundenkarten als Kundenbindungsinstrument des Han-
dels. Erscheint als: Kundenbindung im Handel durch Kundenkarten – Determinanten, Wir-
kungen und Implikationen, Festschrift Prof. Dr. Greipl. 

8/2004  Uwe Cantner, Kristina Dreßler und Jens J. Krüger: Firm Survival in the German Automobile 
Industry. 

9/2004 Marcus Lange und Martin Zimmermann: Patent-Chart - Das Monitoring von Patentport-
folios auf der Basis von Zitatbeziehungen 

10/2004  Jens J. Krüger: Capacity Utilization and Technology Shocks in the U.S. Manufacturing 
Sector. 

11/2004  Andreas Freytag: EMU Enlargement: Which Concept of Convergence to Apply. 

12/2004  Andreas Freytag and Simon Renaud: From Short-Term to Long-Term Orientation – Politi-
cal Economy of the Policy Reform Process. 

13/2004  Martin Kloyer, Roland Helm and Wolfgang Burr: Compensation Preferences of R&D-
Suppliers – Some Empirical Results. 

14/2004  Roland Helm und Michael Gehrer: Interaktion und Information in der Anbieter-
Nachfrager-Beziehung: Voraussetzungen, Konsequenzen und Implikationen der zentralen 
und peripheren Informationsverarbeitung. 

15/2004  Wolfgang Kürsten: Synergies, Shareholder Value and Exchange Ratios in “Value Creating” 
Mergers - Why Shareholders Should Doubt Management’s Pre-Merger Promises. 

Weitere Informationen zu älteren Heften und Bezugsmöglichkeiten: www.wiwi.uni-jena.de Menü-
punkt Forschung. 



II 
 
 
 
 

16/2004  Jens J. Krüger: Using the Manufacturing Productivity Distribution to Evaluate Growth 
Theories. 

17/2004  Andreas Freytag and Klaus Winkler: The Economics of Self-regulation in Telecommunica-
tions under Sunset Legislation. 

18/2004  Markus Pasche, Sebastian von Engelhardt: Volkswirtschaftliche Aspekte der Open-Source-
Softwareentwicklung. 

19/2004  Robert Klein und Armin Scholl: Software zur Entscheidungsanalyse – Eine Marktübersicht. 

20/2004 Roland Helm, Michael Steiner, Armin Scholl, Laura Manthey: A Comparative Empirical 
Study on Common Methods for Measuring Preferences. 

21/2004 Wolfgang Kürsten: Unternehmensfinanzierung – Grundlagen, Entwicklungslinien und aktu-
elle Perspektiven. 

22/2004 Markus Pasche: Voluntary Commitment to Environmental Protection: A Bounded Rational-
ity Approach. 

Weitere Informationen zu älteren Heften und Bezugsmöglichkeiten: www.wiwi.uni-jena.de Menü-
punkt Forschung. 




