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Abstract
This paper focuses upon the links between trade and the environment, and the use of trade
policies to address environmental spillovers among countries. The paper empahsizes the
existence of alternative forms of international cooperation, ranging from binding
agreements to loose coordinating arrangements. A game theoretic model is developed to
derive the conditions under which implicit cooperation may be as efficient in terms of
environmental outcomes as a binding agreement. The reason for being interested in
implicit cooperation is that the establishmment of binding international agreements may
prove costly and elusive. The search for international commitments can distract attention
from the possibility of taking domestically-based action, and leave the environment worse
off.
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I- Introduction

Growing demands for environmental quality raise thorny problems for policy makers. Some of
the most difficult choices to be made in addressing environmental degradation concern the interaction

among sovereign states. Where environmental problems involve transfrontier spillovers (such as acid rain
and river pollution) or the global commons (depletion of the ozone layer and the greenhouse effect),

options open to governments range from unilateral action to cooperation through internationally binding
agreements.

Unilaterally-defined international environment policy, especially on the part of large countries, is
likely to entail the application (or at least the threat) of action against other countries perceived to be

responsible for a given problem of environmental degradation. Whether such measures are characterized
as retaliatory, punitive, or offsetting, the fact that they are unilaterally-defined from an exclusively national

welfare perspective will ensure their suboptimality. On the other hand, it is far from obvious that the
solution at the other end of the spectrum, that of binding international agreements, can be relied upon to

ensure the best outcome. International agreements take time to negotiate and they involve a variety of

transactions costs in their formulation and implementation. They also divert attention from domestic
initiatives to improve the environment, and tend to promote "lowest common denominator" outcomes in
terms of the substance of binding commitments. Another factor to consider is that because environmental
policy is in its formative stages in many countries, it relies to a significant degree on relatively inefficient
and costly direct regulation.'

There may be additional costs from tying countries into this kind of

approach in international agreements.2 Moreover, some of the estimates that have been made of the
magnitude of the policy changes (and implied international commitments) necessary to have a significant

impact upon polluting emissions globally are such as to raise serious doubts about the feasibility of
internationally-binding commitments in this sphere.3

See Eskeland and Jimenez (1991) for a survey of available policy instruments for pollution

control.
2

For an analysis in these terms on the Montreal Protocol on Substances that Deplete the Ozone
Layer, see Bohm (1990).
See Whalley (1991) and Winter (1991) on estimates of carbon taxes necessary to address the
greenhouse effect.
1

A limited amount of work has been undertaken on the costs and benefits of binding international

agreements aimed at improving environmental quality.4 This suggests that they do not have a positive
payoff. Yet there is growing clamor for such agreements. The objective of this paper is to analyze, from
a game-theoretic perspective, the circumstances in which binding international agreements may be

expected to produce the best outcome in terms of the sum of national actions taken to address an

international pollution problem. It is shown that there is a range of situations in which, given the costs
of establishing and maintaining binding agreements, other forms of cooperation (either implicit or weaker
than binding) can produce results at least as satisfactory as binding agreements.

The analysis is cast in terms of a two-country, two-commodity model, where each country

produces both commodities but only exports one of them (and imports the other), and the production of
only one of the commodities (produced in both countries) generates pollution. The policy instrument

available to each country for dealing with transfrontier pollution is a tariff.5 It is important to stress at
the outset that a "pollution tariff" is a second-best policy, since it is imposed in the interests of the

importing country and does not take account of global welfare. Although, in principle, a tariff can play
a somewhat similar role in addressing transfrontier externalities as a Pigouvian tax performs within a

country, they are not perfect substitutes. Take, for example, a polluting country that levies an emission
tax to close the wedge between social and private costs, while another affected country imposes a tariff

equal to its marginal damage. The resulting tax and tariff combination will generally not yield the

resource allocation that would have resulted if the polluting country had imposed an internationally

optimal Pigouvian tax on its emissions, or, in other words, a tax equal to marginal damage in all countries
taken together.

The model is presented in Section II. Each country is induced by the other to follow a cooperative
strategy, under threat of the imposition of a positive "pollution tariff" if either party fails to internalize

"For critical treatments of an uncritical predilection for international agreements, see Lal (1989),
Hahn and Richards (1989), and Robertson (1990). In the field of monetary policy, there has been a
fair amount of work, generally showing that the gains from coordination are small. See: Canzoneri
and Minford (1986, 1987), Hughes-Hallett (1986a, 1986b, 1987), Oudiz and Sachs (1984) and Currie,
Levine and Vidalis (1987).
The use of a "pollution tariff" against offending imports has been commonly used in the
literature. See, for example, Baumol and Oates (1975).
2

appropriately its pollution externality. Note that both countries are assumed to possess a credible threat
by way of the "pollution tariff", and this paper does not address the nature of international cooperation
on environmental matters between large and small countries. The standard Pigouvian tax structure is

derived for each country in Section III, and the optimal tariff in the face of externalities (and conjectural

variations) is determined in Section IV. In Sections IV and V, the Nash (noncooperative) and efficient

(cooperative) solutions are calculated in the context of a one-shot game. This analysis leads to the
standard Prisoners' Dilemma result, and noncooperation produces an equilibrium with a positive level of
tariffs. Both countries would be better off if they cooperated with one another, but the incentive for

unilateral action (cheating) exceeds that offered by cooperation. This analysis, based on a one-shot game,
would give justification for binding international agreements.

But one-shot games do not allow countries to take advantage of quid pro quo strategies. They

eliminate any possibility of the players learning to cooperate, in the knowledge that they will be
accountable in a subsequent period for their behavior in the current period. Sections VI and VII develop
a multi-period scenario, in which an intertemportal trigger mechanism can be applied to punish deviant

behavior in a previous period. It is the presence of the trigger mechanism (credible threat), taking the
form in this case of a punitive "pollution tariff", that allows an efficient outcome to be achieved in a

noncooperative game.

Two trigger mechanisms are developed in the paper. These punitive responses are triggered when

transfrontier pollution exceeds a certain determinate level "h" in a given period. When h is reached, the
temptation to defect from the efficient solution outweighs deterrence, and the trigger mechanism will fail
to create the right incentive. The first trigger mechanism involves reversion to the Nash noncooperative

equilibrium, such that the value of temptation is reduced to zero whenever the temptation to cheat exceeds
the deterrence from cheating. Under the second trigger mechanism, tariffs are continuously adjusted in

order to keep temptation and deterrence equal. This amounts to better than a Nash reversion, and is

associated with a higher h, which may be conceptualized as a higher reward for not cheating.

3

In theory, the presence of a trigger mechanism allows players to achieve the same efficient

outcome that would result from cooperation when the game is played is infinitely repeated.6 Strictly
speaking, this equivalence only holds in a deterministic game, where rational players are operating with
full information. As soon as a stochastic, or random, element is introduced into the game, such that

outcomes are not known in advance, then a high level of transfrontier pollution in one period could

provoke the application of punisment that is embeded in the trigger mechanism.

Since a binding

agreement is a proxy for the trigger mechanism that would supposedly ensure that h was never reached,
such an agreement may be shown to be superior to a noncooperative situation in which a punishment is

likely to be triggered.

The point at which a binding agreement becomes superior to a noncooperative repeated game

depends crucially on the level of h and the likelihood that it will be attained in a noncooperative game.
The value of h is determined by several factors, including the discount rate in the country concerned (a
high discount rate is associated with a high h), the spread between gains from cheating and gains from

cooperation, and the spread between the efficient solution and the Nash equilibrium. In addition, the
behavior of players in terms of their policy actions will determine where games will tend to be played on
the spectrum between entirely random and fully deterministic outcomes. Noncooperative players will have
a better chance of avoiding outcomes above h the more they know about its value and about the nature

of polluting activities that produce outcomes tending towards h.

The two central conclusions that this paper comes to are, first, that there exists a range of

circumstances in which a noncooperative policy setting may be at least as good and perhaps better than
a binding international agreement. Second, given the disadvantages and the costs of binding agreements

that make this so, there are grounds for considering different forms of interaction among countries that
will raise the likelihood of noncooperative games producing efficient outcomes. One such form of

cooperation could involve consultations and the exchange of information among governments about their
national policies and their expectations of the policies of other countries.

A reputational approach could also be used. See Kreps, Milgrom, Roberts and Wilson (1987) for
a discussion of this approach.

4
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The Model

The model presented here is an extension of that of Vandendorpe (1972), Markusen (1975) and

Thursby and Jensen (1983). Vandendorpe (1972) developed optimal tax structures in a model with traded
and non-traded goods without any externalities. Markusen (1975) calculated optimal tax structures in the

presence of externalities but did not consider any strategic interactions. Finally, the model borrows from
the works of Thursby and Jensen (1983a) and (1983b) the idea of the existence of a consistent conjectural

variation in the strategic tariff equilibria.

The world is made up of two countries, the home country and the foreign country. Variables with
asterisks are foreign country variables. The two countries are assumed to be producing and trading two
goods (x,y) and (x',

y*),

and pollution is a function of the domestic and foreign production of good x.

We ignore the waste being released into the environment by the consumption sector. We further assume

that pollution does not affect the production functions and there is no possibility of substitution among
inputs or outputs such that the amount of pollution resulting from a given level of production can be
varied. Finally, we assume pollution, G, to be additive and given by:
G = G(x,x)

(1)

dG=G1dx+G2dx*

where
G1

represents the partial derivative of G with respect to its ith argument. The special case of G2 = 0 refers

to the case in which the externality is purely domestic.

Home and foreign production possibility curves are assumed to be concave and given by:
F(x,y)

= o

F(x,y)=O

y

or

=

T(x)

y=T'(x')

(2)

where
F' and T' (i=home, foreign) are twice continuously differentiable and concave and their partial derivatives

are negative.

Let p and p' be the producer prices of good x in terms of y in home and foreign countries
respectively. Along the production transformation curves, it must be the case that:

5

F
=

F

F;

and

(3)

-i';

pdx=-dy

p*dx*

(4)

_dy*

Following Vandendorpe (1972), the differentials of equation (4) can be written as:
(5)

Let q and

q*

be the domestic consumers' prices of good x in terms of y in home and foreign

countries respectively. These are related to domestic producers' prices by:

q=(1+O)p

(6)

q* =(l+O*)p*

Define excess demand (E) as the difference between consumption and production. For the import
good E > 0, while for the export good E

<0. Without loss of generality, assume that the home country

exports good x in return for good y:
(7)

Assuming that each country may levy a

tariff on its imports, then the balance of trade conditions

in the two countries are given by:

+qE

(8)

=0

where
(9)
=

1
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+

and

are the tariffs that the foreign and the home countries impose on imports of goods x and y

respectively. Assuming transport costs to be zero, then the world price ratio (it) is given by:
and
(10)

4* .ft*

+

where a hat over a variable denotes percentage change.

The market clearing conditions in the world market for the two goods are given by:
(11)
E1 +

=

o

Using the relationships described in equation (10), it is clear from equation (11) that the goods'

markets are not independent; by Walras' law, equilibrium in one implies equilibrium in the other, so that
one equation, say the first one, can be dropped.

Finally, each government is assumed to implement a social welfare function in which lump sum

payments redistribute income such that we can express the welfare of each country as a function of the
total quantity of each good consumed and pollution. It is assumed that pollution can be characterized as
a pure public bad. Home and foreign welfare are given by:
W = W(C,C,,G)
W

where the functions W and

= x,y,x*,y*),

<0,

W

are

=

(12)

w*(c:,c;,G)

assumed to be twice differentiable and quasi-concave with W, > 0 (i

< 0,

<0, and

= 0. For the sake of simplicity all cross

derivatives are assumed to be zero. Marginal utility of consumption of each commodity is positive but
decreasing, whereas marginal disutility of pollution is increasing.

III- Denvation of The Optimal Production Tax

The presence of an externality creates a divergence between the domestic rate of substitution in

consumption (RSC) and the domestic rate of transformation in production (RTP).
7

Under these

circumstances Bhagwati and Ramaswami (1963) demonstrated that the Paretian first-best policy is to
intervene with a tax at the point at which the distortion occurs. Thus a Pareto optimal state in the home
country is defined where:

äç

8G

aç

(13)

8W

q0<O

or

Similarly, in the foreign country:
aw*
—

+

aw* 8G

ac

aw*

(14)

0c
or
is the social marginal rate of substitution between pollution and good y in the home

where

(foreign) country, and where we have made use of the competitive equilibrium condition

= q' (i=

home, foreign).

Equations (13) and (14) reveal that the optimal production tax is a simple joint product optimality
condition. The home (foreign) producers receive a price p

(p*)

per unit of production which equals the

sum of the social values of the joint products produced.

The left-hand side of equation 13 (and 14) is by definition the RSC in the presence of externality,
while the

side represents the RTP which is given in equation (3).

Using equation (6), the optimal production tax in the home and foreign countries is given by:

0q0G10

(15)

p
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IV- Determination of the Optimal Tariff with Externalities and Conjectural Variations

In this section we characterize the set of Nash equilibria when countries choose tariffs as

punishment. These equilibria will serve as credible punishments (i.e., they are subgame perfect) in the
dynamic game considered in Section VI, the threat of which can support tacit cooperation in a repeated
setting. The results derived here are illustrated in Figure

1

below.

Consider first the home country. Substituting equations (4), (5), (7), and (13) in its welfare
function (equation 12) and totally differentiating it yields the first order condition for an optimum:
dW

(16)

Next, using the differential of the home balance of payments (equation 8) and grouping terms
yields:
+y*4*
qG GR*
2

where

Next,

(1+0*)

=0
(17)

>0

differentiate the foreign balance of payments equation and using equation (11) and the

relation between domestic prices and the world price (equation 10), equation (17) becomes:
*

(1+—-)=0
It

Finally, using equation (9), the optimal tariff formula is given by:
1

+

+

es_i
Es

y

where

with

=

(19)

£

it

the elasticity of the foreign country's demand for imports along its offer curve. This equation,

except for the last two terms, is identical to the one derived by Thursby and Jensen (1983a).
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An analogous derivation for the foreign country yields:

c—i

where

with

E

c—i

E

c—i it

and y

c = —i

=

q'GR
G
1

(1+0)

(20)

>0

the elasticity of the home country's demand for imports along its offer curve.

Using Slutsky's decomposition of

and Jensen (1983a):

e

and

Pit

(21)

it
e=q __.1(o+_)
pit

where

tx

tY

P

tY

P

(22)

.5
and

a' =

compensated relative price elasticity of demand for the importable good

m' = marginal propensity to consume the importable
= elasticity of supply of the exportable,

i

= home, foreign.

Equations (19) and (20) define respectively the home and foreign country's reaction functions (RR
and R*R*) in the

space of Figure

The Nash reaction function tells a country how it should set

its tariff to maximize its welfare, given the tariff of the other country and the size of the spillover. The

A similar figure is used by Mayer (1981).
10

intersection of these two reaction functions gives the Nash equilibrium of the noncooperative tariff game.
Since

enters the home country optimization problem, we can interpret

as

the home country's

conjecture about how the foreign country will react to a change in its terms of trade induced by a change
in

ti,.

As equation (19) stands, in order for the home country to solve for its optimal tariff, it has to make

a conjecture about the form of

Likewise, the calculation of the foreign country's optimal tariff

necessitates a conjecture on the part of the foreign country about how the home country will react to a
change in its terms of trade induced by a change in

In what follows, we will assume, as in

Thursby and Jensen, that these "conjectural variations" are constant with C and C denoting the home and
foreign country, respectively. Note that setting C =

= 0 in equations (19) and (20), respectively, (i.e.,

no retaliation is anticipated) yields the traditional Cournot optimal tariff. However, in the more general

case where C and

C*

are nonzero constants, each country's optimal tariff is given by substitution of

equations (21) and (22) into equations (19) and (20) which, after some manipulation, yields
[1

+y*(1 +C)][l

=

8:

[1 +y(1 ÷C*)][1

where
(23)
ILt =

and

1

—rnt

v(Ct) = +O)(1
—(1—rn)
8(Ct) = o(1 -C)—(1 -rn)
= 1-rn

Now consider the case where the home country contemplates raising its tariff. It expects
0 if the foreign country does not retaliate. However, the foreign country will have to increase its tariff
in order to offset the worsening of its terms of trade (Ic > 0) caused by the increase in the home country

tariff rate. Therefore, if the home country believes that the foreign country is maximizing its utility, then
the home country should conjecture C

tjIt >0

where the change in it is induced by the change in

8

Similar games with non-zero conjectural variations have been studied by Comes and Sandler
(1984, 1985).
11

Likewise, if the foreign country expects
country will increase

0

of retaliation but believes that the home

in an attempt to offset the worsening of its terms of trade, then the foreign country

<0. Thus, given our assumption of constant conjectural variations, these must

should conjecture C =
satisfy C

< 0 in the absence

C'.

The first term in either equation (19) or (20) is the well known optimal tariff for the two good

case in the absence of externalities.9 The last two terms in either of these equations result from the

environmental spillover that each country inflicts on the other. Both terms are positive
greater than one '° and C

equivalent to setting

'y' in

0

and

are both

C). These two terms will vanish if the spillovers are zero (this

equation (19) and y in equation (20) to zero).

is

Finally, note that if the

victimized country faces a foreign offer curve which is infinitely elastic, then its optimal tariff is equal
to zero.

Before concluding this section, we need to investigate how changes in each country's conjecture
affect the equilibrium tariff levels. It turns out that a sufficient, though not necessary, condition for the

equilibrium tariffs to decline as C and k1 increase is that neither country's best response for a given
conjecture is to increase its tariff when the other country lowers its tariff." A graphical representation of
the above results is given in Figure 1.

The offer curve construction is particularly useful in describing optimal tariffs with externalities.
The curve OCBA represents the home offer curve, while that labelled OC'B'A represents that of the
foreign country. The free trade relative price of good x is given by line OA and thus amount (a) of good

See for example, Bhagwati and Srinivasan (1983) or Takayama (1974).
'°

Recall that the optimal tariff of one country refers to a point on the elastic portion of the other
country's offer curve.

" For a formal proof of this proposition, see Thursby and Thursby (1983a).
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(11) and J1J1

x is imported by the foreign country. The curves

(JJ) represent home (foreign) trade

indifference curves, with the former, but not the latter, taking the externality into account. Each country
is better off the higher the value of the subscript.

The locus of tangency points between the home and foreign trade indifference curves (II and

traces the contract curve PP, while that between JJ and

1*1*)

traces the contract curve P'P'. Thus PP

represents the "true" locus of Pareto optimal points. The contract curve P'P' intersects the foreign offer
curve at point D, which represents the market equilibrium point that would prevail if market prices were

adjusted to reflect the full value of the social costs associated with the production of good x. Each
country is better off the higher the value of the subscript.

Assume initially that the foreign country does not take the externality into account and that it does
not anticipate any retaliation from the home country. Then the foreign country optimal tariff is at point
B where the home

to

offer curve is tangent to the foreign trade indifference curve (11), whose slope is equal

Point B' must lie to the right of point D since at B' the full social cost of producing good x

is not taken into account. Point B' corresponds to levying a tariff that will rotate the terms of trade line

from 001 to 002. In terms of equation (19), this is equivalent to setting a tariff

= 1/(c-l) where c =

Thus, the restricted volume of imports is now at point b.

The inclusion of the externality that the home country inflicts on the foreign one generates an

indifference curve (II) that is flatter than the II curve (compare the slope of the II curve given above with
the slope of the JJ curve which is given by equation (13)). The trade indifference curve

J curve

through B, lies above the offer curve to the left of point B, and so better points for the importer must also
lie to the left of point B. Point C' must lie to the left of point D for, as was stated earlier, D is the market

13

equilibrium point that would prevail if market prices were adjusted to reflect the full value of the social
costs of producing good x, and C' is the point that corresponds to B' in these circumstances. Thus, the
level of imports that best serves the foreign country's interest is smaller than D, the internationally optimal
level of imports. The tariff corresponding to C is indicated by the relative slope of

equation (19), where again

£ =

and is given by

(with C = 0).

Finally, allowing the home country to retaliate against the foreign country's imposition of a
positive tariff implies that the new

is smaller than where retaliation was assumed to be absent. This

requires a flatter price line than that implied by line

The new price line

(not drawn) should

intersect the foreign offer curve at a point like E, which lies between points C' and B'. As already noted,

point B' must lie to the left of point A. For exactly the same reason, point C' must lie to the left of point
E. The exact location of point E with respect to point D, however, depends on whether the threat of

retaliation can force the foreign country to adopt a taxing policy that is efficient from an international
perspective.

V. The Efficient Outcome and Coopemtion

We begin by transforming the welfare functions given in equation (12) from the commodity space

into the tariff space.'2 This is because we are interested in the relation between economic welfare and

tariff rates, thus

12

This transformation is possible only if trading equilibria are unique, which we will assume.

into the optimal tariff formulae that are specified in
One can transform
and
equations (19) and (20). This is the approach taken by Mayer (1981), though his model does not
contain any externalities.
14

W=
W and

are twice differentiable and quasi-concave with the first derivative with respect

to own tariff being positive and otherwise negative. Equation (24) gives the home (foreign) country's

maximum attainable utility, given the home and the foreign country's tariff rates

for every G. These

contours are described in Figure 2 below.

W and

The Pareto-efficient combinations of tariff policies require that the relative price of x be the same
in the two countries. Equating q and

q*

in equation (10) yields:
(25)

or

Equation (25) reveals that free trade (i.e.
Figure

1,

=

= 0) is on the Pareto-efficient loci. In terms of

this is equivalent to both countries setting production taxes that are internationally optimal and

which will shift the home offer curve outward and the foreign offer curve inward so that they intersect
at point A' where the contract curve P'P' crosses the price line

00'.

Notice that equation (25) gives rise

to a continuum of efficient policies where one country or the other subsidizes imports. Thus we have the

traditional multiplicity of Pareto- efficient equilibria.'4 The set of Nash and Pareto equilibria are described
in Figure 2 below.

Figure 2 traces three different sets of contours. The first set refers to the tariff indifference curves
which are derived from the offer curve diagram of Figure

point in Figure

1

1.

Under free trade, the equilibrium trading

(point A' that takes externalities into account) corresponds to the tangency of the home

and foreign trade indifference curves (the JJ curves). As both countries' tariffs are zero, the corresponding

" It

is well known that multi-period games generally have a multiplicity of Pareto-improving

solutions. See for example Rogoff (1987).
15

point in the tariff plane of Figure 2 is

0.

obtained by varying the tariff combinations

The other points on the tariff indifference curve W2 are

while holding the foreign trade indifference curve through

point A constant. Using equation (23), the slope of this tariff indifference curve is given by:

[1+y(1+C)]

=
i

!o*(C)t,

0

+y(1 ÷C)]}2

—

(26)

as
and that

of the foreign country is given by:
[1 +y*(1 _C*)]

ät,,

[v(C*)+ö(C*)t)Z

(27)

as
Notice that the slopes of the home and the foreign tariff indifference curves (equations (26) and
(27) respectively) are positive, zero or negative depending on whether each country's tariffs are less than,

equal to or larger than its optimal tariff. The other tariff indifference curves in Figure 2 are obtained by

choosing another point (such as B' or C') and repeating the same process described above. Again, each
country is better off the higher the value of the subscript.

The second set of contours refers to the home and foreign country's reaction functions RR and
R*R*.

These are derived using equations (19) and (20). The reaction functions pass through the tariff

indifference curves where the latter have zero slopes. This is so because the reaction functions indicate
one country's optimal tariff rates corresponding to the tariff rate prevailing in the other country, which is

exactly what zero-sloped tariff indifference curves indicate.

The third and last contour in Figure 2 refers to the locus of the optimal combinations of

t,,

and

that are described by equation (24). This is the E*E curve where the welfare of the home country falls

16

steadily, and that of the foreign country rises, as we move from E to

E*.

Points along the segment KL

are preferred by both countries to the Nash equilibrium at N. Notice that the free trade equilibrium (point

0') lies in the range KL.

If the tariff game between the two countries is played only once, then the efficient outcome (any
point within the segment KL) can only be attained if the two countries precommit to the policies
in a binding agreement, because these tariffs are not on the countries' reaction functions. In Figure 2, if

the foreign country plays a tariff equal to point P, then the home country will play the tariff on its reaction

function equal to F, and thus obtain a higher welfare (W3 > W1). The foreign country will thus end up at
a tariff indifference curve

<

W. The home tariffs are higher at F than at P and welfare

is greater.

The foreign country knows that the home country will be so tempted, and therefore will not play P in the
absence of a binding agreement.

VI- Dynamic Tanff Strategies

The analysis presented in the previous section suffers from one crucial limitation. It views
countries as interacting only once: they are portrayed as players in a one-shot game. In applications of
the theory of one-shot games, it is common to find that noncooperative behavior leads to inefficient

outcomes.

This prediction of inefficient outcomes has led some game theorists to question the

appropriateness of one-shot game theory for analyzing many interactions. Noting that the same agents
interact over and over again, they developed the theory of repeated games which predicts more efficient

outcomes than the theory of one-shot games. This section applies recent development in repeated games
to the question of environmental policy cooperation. The section draws on Friedman's (1971) work on
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trigger strategies.'5

Trigger strategy equilibria explain how rational, self-interested agents who interact repeatedly can
achieve Pareto-efficient outcomes even though binding agreements are not possible. Trigger strategy

equilibria may be considered as self-enforcing agreements in which the enforcement mechanism is a threat
made by all players that, in the event the agreement is violated, they will change their actions to those

corresponding to a single period noncooperative equilibrium (the Nash outcome) with payoffs that are
worse for every player than the cooperative payoffs.'6 Thus trigger mechanisms can eliminate the need

for binding agreements.

Let the game described in the previous section be repeated again and again. The timing of events
is as follows: at the beginning of each period the home and foreign countries learn the realization of G.

They then simultaneously choose the levels of their tariffs, and these choices determine the outcome for

that period. The strategic choices of the home and the foreign countries become common knowledge, and
this one-period game is repeated after a new G is realized. In any given period, the policymakers in each

country know that the game will be repeated by them or their successors. If, in this sense, policymakers
live forever, we have an infinitely repeated game.

In period t, the home and the foreign countries maximize Vt and

V,

current and expected future welfare:

For a textbook exposition of trigger mechanisms, see Friedman (1990).
t6

ibid, p. 126.
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the discounted sums of

(28)
=
i—i

where

is the discount rate.

Both countries have already observed

and the tariff rates and can therefore calculate current

welfare; future welfare depends upon the G's (and tariffs) that have yet to be realized.

One might try to apply Friedman's trigger mechanism in this setting, but the countries'

intertemporal strategies will be complicated by the fact that the temptation to defect from the efficient
solution fluctuates from period to period.'7 If the foreign country plays
Temptation = Wc(t,C,çE;G,)

by playing

instead of

—

the home country can gain:

WE(t,R,t;G,)

(29)

The temptation to cheat is stochastic since a new G is realized in each period.

If the support of G is unbounded, then so is temptation. Trigger mechanisms are intended to deter
cheating, with deterrence measured by the value of obtaining the efficient outcome E rather than a bad
outcome, say N, over all future periods. Since future values of G are not known, deterrence must be

defined in terms of expected values. These expected values are bounded; so in periods in which a large
G is drawn, temptation will be greater than deterrence, and the Friedman trigger mechanism will fail.

The trigger mechanism will not support the efficient point E in any period in which the level of
G is too big. Even if no country had cheated, E can only be played in period t if

A similar type of trigger mechanism has been developed in the macro literature by Canzoneri
and Henderson (1988), and Safadi (1990).
17
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(30)

where h is a parameter that will be determihed below.

Once we recognize this, we need to define

cooperation less ambitiously; namely, play the efficient tariffs so long as the
in periods of extreme values of

0 is not too large; otherwise,

0, play the one-shot Nash tariff levels. Thus punishment

is defined in

the usual way, i.e., as Nash reversion. With this modified version of cooperation, the trigger mechanism

just introduced is then the standard one: "cooperate as long as my opponent does likewise; otherwise
punish."

More formally, consider the following strategies for repeated games. Strategy
each period.

S1

S1

is to play

is a Nash strategy for the repeated game; if one country adopts it the other country can

do no better than adopt it as well. In the Nash equilibria that results, N will be the outcome in every

period. However, the trigger mechanism introduced above suggests that a better equilibrium also exists.
Define strategy S2 as follows: (1) in period
play

t = 2,3,..., play

1,

observe

G1

and play

if inequality (30) holds; otherwise

if the other country has cheated in the past; if not, play

if it does not. This strategy recognizes that the simplest trigger

if inequality 30 holds and

mechanism does not provide the right incentives when

is large; it simply says to revert to N in those

periods.

For a suitable value of h,
country has adopted

S2,

S2

is a Nash strategy of the repeated game. Suppose that the foreign

and ask whether the home country can do any better than adopt S2 in response.

If the home country does not adopt S2, then E will be the outcome when G

h and N will be the outcome

otherwise. The only alternative worth considering is to cheat when 0

h. But

of G with the property that temptation and deterrence are equal, and if

0
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if h is chosen as the value

h, the gain from cheating is

less than the discounted expected future gain.

symmetry, if the home country adopts
S2 is

Thus the home country will adopt strategy S2.

By

the foreign country can do no better than adopt S2 in response.

therefore a Nash strategy for the repeated game.

What remains is to characterize h.

In particular, we need to ask whether, and under what

circumstances, there exists a h > 0 that equalizes temptation and deterrence.

If the home country does not cheat between periods t and t+i , its expected welfare in period ti-i
is:

=

I

(31)

+

where f(.) is the probability density function of pollution. We can now calculate the deterrence against

cheating that is embodied in the trigger mechanism. If the home country cheats, N will be played in all
future periods; if it does not cheat, E will be played whenever G

h. So, deterrence is the discounted

sum:

K=

[f WEI(G)dG + f w"f(G)dG - fW"f(G)dG]
(32)

or

- w"]f(G)dG

K=

Since h is defined as the value of G with the property that the temptation to cheat against the

efficient outcome equals the deterrence embodied in Nash reversion, we can write:

—
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=

K

(33)

and the value of h is then determined by:

-

VII-

A More

WE =

f[ WE - w"]fGdG

(34)

Efficient Trigger Mechanism

Though the trigger mechanism developed in the previous section is better than a repeated play of
the noncooperative equilibrium, it is not the best solution that one could find. Rotemberg and Saloner's

(1986) work on an oligopoly example suggests that the players might be able to revert to a better point
than N when temptation outweighs deterrence.

The basic idea in this section is that we can improve on the definition of cooperation that was
given in the previous section. The modified definition of cooperation is: "Play the efficient tariffs so long
as G is not too large; otherwise in periods of extreme G, choose tariff rates with the property that the

temptation to cheat is just offset by the deterrence value of the punishment.

"

Note, of course, that what

one means by a 'large" value of G need not be the same as the one developed in the previous section.

Indeed, as we show below, the efficient solution can be supported for higher values of G under this

mechanism than under the one developed in the previous section.

With this modification, matters proceed as before. Punishment is defined as Nash reversion, and
the new trigger strategy is: "Cooperate so long as my opponent does likewise; otherwise punish."

As before, let h be the value of G with the property that the temptation to cheat against the

efficient outcome equals the deterrence embodied in Nash reversion; that is:
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=

—

E

K

(35)

Consider separately the cases in which G is below and above h. In the former case neither
country has the incentive to cheat on the efficient solution. Therefore, if we define Ws(G;h) to be the

maximum welfare the country can obtain,
W8(G;h)

=

WE(G),

G

h

(36)

If G > h, the efficient outcome is not achievable since both countries have an incentive to cheat.
In this case, define the maximum sustainable welfare as:

G>h
where Ws(G) is the level of welfare associated with the pair of tariffs

cheat against an opponent's tariff equals K. Thus the tariff

where

= argmax

foreign country is playing

that is

(37)

such that the temptation to

is defined by:

=

K

(38)

is the best response that the home country will play when the

In summary:

Ws(G.h) W(G) for G h
WR(G)

forG>h

(39)

Now we can turn to the punishment. The punishment equals the present discounted value of the

extra welfare that the country would have earned had it not cheated, or:

23

K = (Wc - WE) h

- WN(G)]flG)dG

=

that
(40)

Ii

Wc - WE = tf[WE (tE tE G) - WhJ (t' tN G)lf(G)dG

+

f[

G)

- WN (t!S7

1N

,

G)flG)dG])

where
8

1—8

What remains to be done is to prove the claim made at the beginning of this section; namely that
the second trigger mechanism gives rise to an efficient outcome more often than the one developed in the

previous section. This is equivalent to proving that the cutoff implied by the present trigger mechanism
(call it hR) is larger than that associated with the previous one (call it he).

Consider a trigger strategy using the earlier definition of cooperation with a cutoff value

and

the property that deterrence and temptation are equalized. Now switch to the present section definition

of cooperation. At

the temptation to cheat is unchanged. However, the punishment should any country

cheat is increased. To reequalize temptation and deterrence, the cutoff value of

has to rise. That is,

>

Vifi- Conclusions

There are no grounds for the presumption that binding international agreements offer the best way

of dealing with environmental spillovers among countries.

This is as true of localized transfrontier

pollution as it is of action to address threats to the global commons. Among the drawbacks of binding
international agreements are that they take time to negotiate, carry transactions costs, divert attention from
options for domestic action, and tend towards minimalist outcomes. Countries acting on their own, against
24

the background of mutually credible threats of retaliatory actions once a certain unacceptable level of

polluting spillover is attained, may be expected over time to cooperate implicitly towards an efficient
solution.

The analytical approach adopted in this paper does not lead to the conclusion that implicit

cooperation is always better than explicit commitment. It depends on what degree of uncertainty there
is about how countries will behave. In the game theoretic context, it is a matter of whether the outcomes

of repeated games are random, or more deterministic in nature. The case for implicit cooperation made
in this paper rests on the assumption that countries individually will pursue pollution abatement and

control policies, and that such policies will be mindful of the policies and objectives of other countries.
In such circumstances, repeated games will not throw up random outcomes, and the likelihood of

triggering retaliation at some threshold level of pollution will be small. A stable and efficient outcome
along these lines would be aided by international arrangements for the exchange of information.
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