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Collective Environmental Agreements: An
Analysis of the Problems of Free-Riding and

Collusion

Katrin Millock and François Salanié¤

Abstract

Collective environmental agreements (CEAs) refer to agreements
negotiated between a group of polluting …rms and a public regulatory
body. The article analyses some potential problems with CEAs.
First, we study free-riding. We show how the incentive constraint

imposed by moral hazard determines the maximum feasible emission
reduction under a CEA. When …rms are short sighted, free-riding
seriously undermines the e¤ectiveness of a CEA. Adding uncertainty
about environmental damage or future government action makes it
even harder to satisfy the moral hazard constraint.
Second, we show that cooperation on a di¤erent activity can reduce

the incentives to free-ride, since …rms can threaten to stop cooperat-
ing in order to deter deviations. This e¤ect could explain why some
CEAs may be successful. However, we also show that reciprocally the
adoption of a CEA increases the possibilities for cooperation on other
activities. This might be socially harmful if it translates into price
collusion, for example.
Finally, we explore the issue of how …rms might allocate the abate-

ment e¤ort toward the collective target. We show that a CEA can help
…rms to coordinate on a reduction of quantity and a consequent price
increase in order to bene…t from implicit cartel pro…ts.

¤Centre International de Recherche sur l’Environnement et le Développement (CIRED),
CNRS UMR 8568; and Laboratoire de l’Economie de l’Environnement et des Ressources
Naturelles (LEERNA), INRA-Toulouse. An early version of this paper was presented at
the 3rd CAVA workshop on voluntary approaches, University College Dublin, September
1999.
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Our …ndings thus provide some cautionary arguments against the
use of CEAs.

JEL Classi…cation: D62; L51; Q28
Keywords: voluntary agreements, free-riding, collusion, cost-e¤ectiveness
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1 Introduction
Recent environmental policy relies to a large extent on voluntary approaches.
Examples in the United States include the Environmental Protection Agency’s
33/50 Program and Project XL. The European Commission’s Fifth Frame-
work Programme of Action and Policy encourages the use of voluntary en-
vironmental agreements. Several member states have concluded industry-
wide environmental agreements in di¤erent sectors. The Netherlands, in
particular, has a long experience of this form of regulation which forms an
integral part of its National Environmental Policy Plan (Ministry of Hous-
ing, Spatial Planning and the Environment, 1994). A well-known typology
categorizes voluntary approaches into three groups: unilateral commitment
by …rms, public voluntary schemes that call for commitment to some stan-
dards set and controlled by an external authority in return for subsidies or
technical assistance, and …nally, negotiated agreements between …rms and a
public regulatory body (Börkey, Glachant and Lévêque, 1999). In this paper
we investigate negotiated agreements between the regulator and a group of
polluting …rms, what we term collective environmental agreements (CEAs).
Some practical examples of this approach are the agreement between the
European Commission and the European Car Manufacturers Association on
emission targets for new passenger cars (European Commission, 1998), the
agreement signed between government and the Dutch chemical industry, the
Danish agreement on recycling of transport packaging, and the German Dec-
laration by Industry and Trade on Global Warming Prevention (European
Environment Agency, 1997). The e¢ciency and environmental e¤ectiveness
of a CEA is thus of practical importance, as well as of theoretical inter-
est. The article’s objective is to analyse whether CEAs can obtain a given
environmental target at minimum social cost. We thus investigate the e¤ec-
tiveness of the approach, without examining whether the stipulated target
is socially e¢cient. The focus on e¤ectiveness seems justi…ed in that it re-
sembles the situation administrators most often have to confront: choice of
implementation instrument for a given, politically determined target.
What results can be drawn from previous research on the e¢ciency and

environmental e¤ectiveness of environmental agreements? There are now
some research results on the e¢ciency of environmental agreements. Schmelzer
(1999) analyses the bargaining process between the regulator and a …rm and
shows under which conditions the abatement target will be inferior to the
one obtained under a Pigovian tax. A seminal model of voluntary approaches
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(Segerson and Miceli, 1998) shows how the outcome of a voluntary agreement
and its e¢ciency depends upon three factors: the strength of the regulatory
threat, the cost of public funds and the allocation of bargaining power be-
tween the regulator and the …rm. Wu and Babcock (2000) is one of the few
existing comparisons of the relative e¢ciency between a public voluntary
scheme and mandatory regulation.
However, previous analyses disregard issues of non-compliance. Here we

are concerned with conditions for compliance with the environmental goal, in
order to draw some conclusions on the e¤ectiveness of the policy. We there-
fore extend the standard modeling to a dynamic model of multiple …rms.
Since environmental agreements most often allow …rms a certain time before
the target should be obtained, it seems necessary to use a dynamic frame-
work to assess the e¤ectiveness of the approach. Furthermore, a multiple
…rm framework allows us to analyse issues related to free-riding and to the
e¢ciency of the burden-sharing among …rms. Some of the caution about us-
ing a CEA stems from standard game-theoretic results related to free-riding
and collusion, and we shall detail these results in order to gain a better un-
derstanding of a positive question (how such an agreement can function) as
well as a more normative one (what is the best design for CEAs). Recently,
Segerson and Dawson (1999) and Dawson and Segerson (2000) extended the
Segerson and Miceli (1998) model to include multiple …rms. Segerson and
Dawson (1999) investigate free-riding in a static model with the assumption
that abatement costs are lower under a voluntary environmental agreement
than under mandatory regulation. In Dawson and Segerson (2000), the al-
ternative regulation to which a CEA is compared is an emission tax. The
results indicate that although free-riding is inevitable, this does not hinder
the target to be obtained. However, total social costs are higher than under
an emission tax, and thus, the voluntary agreement (explicit or implicit) is
not a cost-e¤ective instrument. We reach a similar conclusion based on a
dynamic model with a general cost structure. Relevant di¤erences will be
indicated when necessary. In particular, our focus is on mechanisms that
can deter free-riding, thus suggesting ways to design more e¤ective CEAs.
Also, related to the standard categorization of voluntary approaches, the
motivation of our analysis is somewhat di¤erent. Whereas Wu and Babcock
(2000) analyse public voluntary schemes, and Segerson and Dawson (1999)
unilateral initiatives by …rms with the objective to pre-empt regulation, our
focus is explicitly on the category of negotiated environmental agreements,
in particular CEAs.
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Our model of CEAs aims at capturing the following important character-
istics:
1) The commitment is collective. It generally originates in a group of

…rms belonging to the same industrial sector.
2) There is a quanti…ed target for collective emissions, to be met at a

given year.
3) CEAs are negotiated with the regulator under the threat of more con-

straining regulation, such as an emission tax.
4) There are no explicit sanctions in case of failure; an implicit sanction

is the threat of an emission tax.
5) Firms freely decide how to share the abatement e¤ort.
Since one of the main concerns with CEAs is that potential free-riding

might undermine its e¤ectiveness, we start by de…ning the term. We dis-
tinguish two forms of free-riding: intra- and inter-group free-riding. First,
intra-group free-riding can occur when there are no explicit sanctions in case
of failure of the CEA. Some signatories may then choose to free ride on other
…rms’ e¤ort. Models of environmental agreements (Moen and Golombek,
1998; Segerson and Dawson, 1999) normally rely upon some tacit threat to
discipline …rms, for example a future tax, quota or some technology standard.
In Section 2.1 of the paper, we use a repeated game context to show that
the threat of future taxation indeed can be an e¤ective means of prevent-
ing free-riding if …rms take a long term perspective. We identify conditions
for the maximum feasible emission reduction under a CEA and show how it
depends upon discount factors, and the combination of the CEA with other
regulation, such as individual emission quotas. In Section 2.2, we extend
this basic dynamic model of a CEA to include uncertainty about the imple-
mentation of the threat. The uncertainty can be interpreted in two di¤erent
manners: either government switches to more lenient regulation because of
political pressure (or even an outright change of administration), or there is
some genuine uncertainty about the environmental damage which leads to
a re-appraisal of the optimal tax in the second period of the game. In any
case, adding an element of uncertainty reduces the e¤ectiveness of the CEA.
The analysis in Section 2 assumed that …rms do not have access to any

other penalties than those speci…ed in the CEA. In Section 3 we develop the
idea that cooperation on a secondary independent activity can provide the
signatories of a CEA with means to punish any deviating …rm (Spagnolo,
1999). Threatening to stop cooperation on the secondary activity can then
be used by …rms to implement more ambitious emission reductions. The
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secondary activity can involve either price collusion or be of a more socially
bene…cial nature, i.e. cooperation in research and development (R&D). We
analyse both forms of cooperation and argue that the exclusion from an R&D
consortium constitutes a credible threat that can be used to discipline …rms.
The conclusions of Section 3 suggest that it could be useful to formally link
participation in R&D programs on abatement technology with CEAs.
The basic policy message is thus to suggest some institutional features

that can make CEAs more e¤ective and deter intra-group free-riding. Still,
there remains the possibility of inter-group free-riding. If the CEA o¤ers
the withdrawal of some otherwise mandatory regulation for the entire sector,
including non-signatories, it is clear that non-signatories are better o¤. In
order to avoid the problem of inter-group free-riding, the regulator has to
impose the standard regulation on …rms that do not join the CEA. The
withdrawal of the mandatory regulation is thus transformed from a public
good to a club good available only for signatories of the agreement. Millock
and Salanié (1997) show that e¢cient regulation then is comprised by a
CEA for cooperative …rms and an emission tax on non-cooperative …rms in
order to screen …rms when the regulator cannot anticipate whether …rms
will succeed in cooperating or not. However, another argument can be made
for the taxation of …rms outside of an existing CEA. Since exerting e¤ort
to abate emissions in a CEA is costly, …rms outside of the agreement need
to be taxed to ensure a level playing-…eld (Baumol, 1999). The presence of
external competitors does however impose a limit on the amount of price
collusion that the …rms within the CEA can engage in. In the last part of
the paper, Section 4, we go on to show the trade-o¤ between the success of a
CEA in reaching the environmental quality objective and its e¤ect on price.
To summarize, this paper highlights some di¤erences between CEAs and

emission taxes. We identify the factors that enable ambitious emission reduc-
tions under a CEA, and suggest some measures that can minimize the prob-
lem of intra-group free-riding. However, although there are circumstances
under which the environmental objective will be met, the CEA may not min-
imise costs since its use can favour price collusion and an ine¢cient sharing
of abatement e¤ort.
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2 Using cooperation to regulate a group of
…rms

In this Section, it is assumed that …rms cannot use any other sanctions than
those speci…ed in the CEA to deter deviations. We exhibit a constraint
that a CEA must satisfy in order to succeed, and we discuss the shape and
implications of this constraint.

We model a given group of n identical …rms as follows. Each …rm i gets
the pro…t ¼(e) if its emission level is e. The function ¼ is assumed concave.
A regulator can use two instruments: either an emission tax t, based on
individual emission levels, or a CEA specifying a constraint on aggregate
emissions,

P
i ei · E. Since the observation of individual emissions is costly,

a CEA might appear more e¢cient. The question we ask is: given a target
E, is it feasible to reach it using a CEA, and what factors determine the
e¤ectiveness of the CEA? We assume that the burden-sharing between …rms
is e¢cient.1 Denote each …rm’s share of the emission target e1 = E=n, and
assume that ¼0(e1) > 0 for all i.

2.1 Incentives for cooperation under the threat of more
stringent regulation

The setting of the game is the following, given the basic assumptions. Ini-
tially, a regulator and a group of …rms negotiate a CEA characterized by the
aggregate emissions objective E. At the end of the …rst period, the regulator
can measure the aggregate target and appraise the success of the CEA. If
the voluntary agreement is successful, it is assumed to continue unaltered.
If the collective objective is not met, the regulator implements a standard
emission tax t; once created, this tax remains valid for all subsequent pe-
riods. This setting captures the common characteristic of environmental
agreements being negotiated under the threat of more stringent regulation
if not successful. Given the game described above, each …rm can choose to
comply with its emission share e1, thus getting a constant pro…t ¼(e1) per
period. The …rm can also choose to deviate to a higher level of emissions,
knowing that consequently the CEA will fail. Our model thus assumes that
other …rms cannot detect a deviation on time to compensate for a deviating

1Section 4 examines the burden-sharing between …rms.
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…rm.2 Denote e0 the best deviation. It can be the maximum of ¼, or the
maximum emission level allowed by law according to an emission quota, for
example. Denote ± the discount factor. Then a …rm chooses to comply if
and only if

¼(e1) ¸ (1¡ ±)¼(e0) + ±max
e
[¼(e)¡ te] (1)

A …rst conclusion follows immediately from equation 1 :

Proposition 1 A higher sanction t, or a higher discount factor, or a less
ambitious policy (e1higher), make the constraint on participation in the CEA
easier to satisfy. Further, imposing individual quotas e0 in conjunction with
the CEA helps to deter deviations.

According to Proposition 1, CEAs should only be used in sectors where
…rms display a high discount factor. The role of the discount factor under-
lines the importance of studying a dynamic game, in contrast to the existing
literature. Indeed we will show how the maximum feasible emission reduc-
tion under a CEA depends upon a comparison between the discount factor
and the proportional emission reduction.
To go further, let us consider that the regulator cannot credibly commit

to using taxes higher than a threshold t¤, associated with an emission level
e¤ such that ¼0(e¤) = t¤. In other words, e¤ is the best target, and reducing
emissions below e¤ is a dominated decision, in any case. Then the regulator
should commit to the highest possible sanction t = t¤, in order to relax
constraint (1). This constraint can then be simpli…ed into

¼(e1) ¸ (1¡ ±)¼(e0) + ±[¼(e¤)¡ t¤e¤] (2)

Finally, we get that the best policy e¤ can be implemented by a CEA only if

¼(e¤) +
±

1¡ ± t
¤e¤ ¸ ¼(e0) (3)

This constraint is a moral hazard constraint. One has to give some incentives
to …rms to exert abatement e¤orts. Note the role of the quota e0. Also, the

2Segerson and Dawson (1999) assume that …rms can detect a deviating …rm and choose
to make up for its e¤ort before the regulator assesses the overall outcome of the agreement.
A peculiar result of the modeling is that the stronger the threat of regulation, the fewer
…rms will participate in the voluntary abatement e¤ort, which seems contradictory to
observed practice.
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constraint can be rewritten

±

1¡ ± ¸
¼(e0)¡ ¼(e¤)
¼0(e¤)e¤

(4)

Interestingly, the right-hand-side of equation 4 is not necessarily decreasing3

with e¤. Also, due to the concavity of ¼, one gets

¼(e0)¡ ¼(e¤)
¼0(e¤)e¤

· e0 ¡ e¤
e¤

(5)

so that a su¢cient condition for e¤ to be implemented successfully by a CEA
is

± ¸ e0 ¡ e¤
e0

(6)

The right-hand-side can be interpreted as a percentage reduction in emis-
sions. If the emission reduction is a long term goal and …rms are not short
sighted (display a high discount factor), some sizeable emission reduction is
feasible under a CEA. For the example of a 20 per cent emission reduction
to be obtained in 10 years, the constraint reads:

±10 ¸ e0 ¡ e¤
e0

(7)

Solving for the discount factor shows that a 20 per cent emission reduction
is possible under a ten-year long CEA if …rms use an interest rate of less than
14.87 per cent, which seems feasible. Note that an ine¢cient equilibrium
always exists, however, in which all …rms deviate, whatever the parameters.4

The above result rests upon an important assumption, however - that the
…rms believe government’s threat of mandatory regulation is credible. The
next section modi…es the basic model to include uncertainty about future
government action or environmental damage.

3It must be decreasing in the neighbourhood of e0, and it is also decreasing for quadratic
pro…t functions. In general, the concavity of ¼ is not su¢cient to ensure monotonicity.

4Free-riding should also reappear as soon as there is some noise on the observation ofP
ei( cf. Moen and Golombek, 1998), or if the punishment is made smoother with respect

to E. In this latter case, the slope of the punishment must be made high enough to deter
deviations, as explained in Millock and Salanié (1997). Therefore the constraint (3) is
likely to be reinforced: CEAs are subject to a moral hazard problem which is di¢cult to
solve.
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2.2 CEAs under uncertainty

Uncertainty matters since a future government change may bring about less
stringent environmental policy, or allow government to renege on previously
announced threats. There could also be scienti…c uncertainty about the level
of environmental damage, which only is resolved in a later period. We study
this issue in a simple two-period model.
Environmental damage is now assumed to be a random variable, whose

real value government can observe only at the end of the …rst period. The
damage function is simpli…ed to be constant per unit emission. The expec-
tation of unit damage at the start of the …rst period is denoted d0:

D(e) = de; E(D) = d0 (8)

Optimal policy in the second period is an emission tax equal to d.5 In the
…rst period, the optimal emission tax is equal to the expected value of dam-
age: d0. The uncertainty on damages D(e) can be interpreted both as real
uncertainty about the amount of environmental damages, or as uncertainty
resulting from a change in future environmental policy.
The setting of the game is now the following. A CEA is signed at the

start of the …rst period with objective E. If the …rms obtain the objective at
the end of the …rst period, the CEA is renewed, this time with the optimal
emission reduction e(d), such that ¼0(e) = d. At the end of the second period,
the setting is similar to the basic model. The CEA is renewed implying
individual emission shares e(d) if successful; if not, an emission tax equal to
d is introduced. If the …rms fail to obtain the objective E at the end of the
…rst period, the regulator imposes an emission tax d directly in the second
period.
The modi…ed model now entails two incentive compatibility constraints.

Once the environmental damage of emissions is known, at the end of the …rst
period, constraint 6 applies, just like in the basic model. We will assume that
this constraint always holds. However, there is now an additional, di¤erent
incentive compatibility constraint which has to be veri…ed in the …rst period:

¼(
E

n
) ¸ (1¡ ±)¼(e0) + ± [E f¼(e(d))¡ de(d)g] (9)

5It is straightforward to include a cost of public funds, ¸ > 0, in the model. The
subsequent second-period emission tax would be d

1+¸ .
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Based on a comparison with the incentive compatibility constraint with-
out uncertainty, in equation 1, the following result is proven in appendix:

Proposition 2 Uncertainty about the actual damage or uncertainty about
the stringency of future government action decreases the e¤ectiveness of a
CEA compared to an emission tax equal to the expected value of damages.

Compared to the case analysed in Section 2.1, the incentive compatibil-
ity constraint in the …rst period is now much harder to satisfy for the same
aggregate objective E. Uncertainty on environmental damage or future gov-
ernment action thus further limits the e¤ectiveness of a CEA.6 It should be
noted that we do not include any uncertainty about abatement cost, a factor
that could speak for the use of a CEA to develop future technologies. In the
absence of uncertainty on the cost side, however, general uncertainty about
the environmental damage does not act in favour of using a CEA rather than
an emission tax.
The result may also explain why there typically are no formal sanctions

in currently observed CEAs. Once the regulator obtains knowledge about
the real environmental damage such sanctions may no longer be credible.
Nevertheless, this absence of formal sanctions in case the CEA fails limits
the e¤ectiveness of the same agreement in comparison with an alternative
policy imposing an emission tax equal to the expected value of damages, d0.

3 Collusion on a related activity as a means
of sustaining cooperation in emission re-
ductions

The previous section assumed that …rms could not use penalties to deter
intra-group free-riding. The success of a CEA was analysed as one equi-
librium outcome of a repeated game where the common discount factor is
su¢ciently high. This section studies in detail another explanation for coop-
eration in emission reductions: the use of collusion in a related activity. We
show how cooperation on a secondary activity increases the likelihood that
the CEA obtains its target.

6It is feasible that introducing irreversibility in cumulative damage may be an argument
in favour of a CEA, contrary to this model. We leave such an extension for future research.
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The line of reasoning goes as follows. If …rms are to sustain cooperation
and reach a collective emissions target, they need to be able to observe devi-
ations and have access to a credible threat punishing any …rm that deviates.
In this context, the use of trigger strategies relying upon the loss of pro…ts
from a secondary activity can constitute a credible threat. A …rst e¤ect is
that the existence of multiple equilibria on a secondary market can be used
to sustain cooperation in emission reductions. A second e¤ect is that the use
of a CEA can actually increase the possibilities for collusion on the secondary
activity.
Firms are assumed to interact in both the emission reduction game, and

another unrelated activity. This secondary activity could be socially desir-
able, such as joint R&D, or be of a more negative character such as illicit price
collusion on another market. The important assumption for the analysis is
that it is independent of the …rms’ emission levels. We shall say that …rms
collude when they are able to sustain some cooperation on this secondary
activity. This can happen if

RC ¸ (1¡ ±)RD + ±R0 (10)

where RC is the pro…t from collusion, RD is the best possible deviation, and
R0 is the pro…t in the absence of collusion. Recall that equation (1) takes a
similar form.
Consider now the following strategy: cooperate in emission reductions

and in the secondary activity as long as everyone else does so; if anyone
deviates, then revert to non-cooperative behaviour on both activities (so
that the CEA fails). The following condition ensures that such strategies
form an equilibrium:

¼(e1) +RC º (1¡ ±)[¼(e0) +RD] + ±
·
max
e
[¼(e)¡ te] +R0

¸
(11)

Clearly (11) is obtained by adding (1) and (10). This means that the two
e¤ects introduced above are present. First, the existence of collusion on a
secondary activity helps to relax constraint (1). The possibility of reverting
to the Nash equilibrium in the secondary activity provides an incentive for
…rms to co-operate in emission reductions. We think that such a factor is
prominent in the decision to promote a CEA, and can explain why it might
succeed despite the weakness of sanctions.
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Second, it is possible that (11) holds although (10) does not. In other
words, the creation of a CEA may induce some collusion on secondary activ-
ities. Clearly these e¤ects would not hold under an emission tax, since then
there is no need to foster cooperation. The main result of this section can be
summarized as follows:

Proposition 3 The existence of cooperation on a secondary activity facili-
tates the implementation of a CEA. Reciprocally, the creation of a CEA could
induce cooperation on the secondary activity, even if none existed before.

It should be noted that the secondary activity could involve positive co-
operation (for instance R&D) as well as negative collusion in the form of
price-setting. In the latter case, the regulator has to assess whether the ef-
fects on welfare from increased collusion balance the gain in environmental
quality from a successful CEA. The next two subsections are devoted to an
analysis of the respective cases.

3.1 Cooperation in R&D

The analysis above assumed that the two activities were independent, which
created the additive incentive compatibility constraint. Baumol (1999) dis-
cusses the case of positive externalities from R&D activities, arguing that
participants can exclude non-contributing members at relatively low cost to
themselves. Hence the trigger strategy of threatening to stop cooperation
on a R&D project seems to be a credible threat that could sustain cooper-
ation in a CEA, much in the same way as Spagnolo (1999) identi…es how
social links can improve cooperation on an independent secondary activity.
Salmons (1999) suggests that participation in a cooperative R&D programme
on abatement technologies should be linked to an environmental agreement
on emission reductions. In that case, the secondary activity is no longer in-
dependent of the emissions game. Is it possible that linking an inter-related
R&D activity to a CEA can increase its e¤ectiveness in obtaining the target?
Here, we propose a simple manner of formalising the issue.
At time t=0, each …rm i commits R&D expenditures Ri. At t=1 they

choose emission levels and at t=2, an aggregate measure is taken to appraise
the result of the CEA, after which …rms decide to share the results of the
R&D activities. Assume the simplest case, where each …rm’s expenditure
is identical and equal to R. When the …rm cooperates in both activities,

13



its pro…ts in future periods now depend also on its outlays in the R&D
consortium: ¼(e1; R), with @¼

@R
< 0, @2¼

@e@R
> 0. The payment is similar to an

up-front participation fee enabling the …rm to share future R&D results from
the cooperation. The strictest form of penalty that other …rms can in‡ict
upon a deviating …rm is to bar it from future R&D results. The individual
…rm’s incentive compatibility constraint then takes the following form:

¼(e1) +
±

1¡ ±¼(e1; R) ¸ ¼(e0) +
±

1¡ ± maxe [¼(e; 0)¡ te] (12)

The …rm’s best deviation in the emission game is, like before, denoted
e0: However, the penalty from deviating implies that the …rm cannot gain
access to jointly developed emission reducing technologies (although it does
avoid the R&D fee): ¼(e0; 0). Contrast equation 12 with the …rm’s incentive
compatibility constraint when other …rms cannot bar a …rm from sharing the
future results of the R&D activity:

¼(e1) +
±

1¡ ±¼(e1; R) ¸ ¼(e0) +
±

1¡ ± maxe [¼(e; R)¡ te] (13)

With R&D activities permitting the …rm to reach a higher pro…t for any
level of emissions, the RHS of equation 13 is larger than 12. The intuitive
result thus holds that cooperation is easier to sustain when …rms can exclude
any deviating member in the CEA from a joint R&D activity. Furthermore,
the threat is credible since remaining …rms still enjoy the bene…ts of the R&D
activity.
The result rests on some strong assumptions: the …rms are able to de-

tect a deviating …rm before sharing the results from the R&D programme,
and there are no scale e¤ects in the R&D program decreasing the bene…ts to
participating …rms if one member leaves the programme. Nevertheless, we
believe that the result is strong enough to suggest linking R&D programme
participation to a CEA, with explicit clauses that sharing in the results only
is available to …rms contributing to the emission reduction target. The ad-
vantage resides in the ease of creating an institutional structure that will
strengthen …rms’ cooperation in the CEA.
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3.2 The relation between the e¤ectiveness of a CEA
and price collusion

Here, we study the negative aspect of the trigger strategy for implementation
of cooperative emission reductions - how the existence of a CEA makes it
easier for …rms to sustain collusion on price (although explicitly prohibited by
law in most countries). Denote a …rm’s pro…t as a function of both emissions
and its production price, given that other …rms adopt price p: ¼(e; p; p): Price
collusion implies abiding to a price p1 > p0, where p0 denotes the competitive
market price. Firms can use a trigger strategy in which any deviating …rm
is punished by reversion to the non-cooperative equilibrium in the product
market. When contemplating deviation in both the emission reduction game
and in the price game, the …rm’s incentive compatibility constraint reads :

¼(e1; p1; p1) ¸ max
e;p

¼(e; p; p1) +
±

1¡ ± [¼(e; p0; p0)¡ te] (14)

A deviation on price is thus punished by the double penalty of a reversion
to the non-cooperative equilibrium in both the price game and the emission
reduction game. Is this a credible threat? It is, since a deviation on price
implies a quantity increase and hence an increase in emissions. The CEA
will then fail if the rest of the participating …rms do not choose to increase
their e¤ort. It is highly unlikely that remaining …rms would make up for
any deviating …rm’s e¤ort, since they are penalized both in the price game
as well as by the additional abatement cost incurred. Therefore, the threat
of a failure of the CEA following a deviation on price is credible. As a
consequence, CEAs tend to facilitate price collusion.
Our …nding that CEAs can favour the adoption of collusive behaviour

can be related to Brau and Carraro (1999). Brau and Carraro (1999) survey
the issue of voluntary agreements and market structure and …nd three ways
in which voluntary agreements can have an impact on market structure: by
encouraging collusion, by acting as a barrier to entry, and by changing the
distribution of costs across the industry. Here, we have proposed a simple
manner to model the link between collusion and the adoption of a CEA.
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4 Burden-sharing
In this Section, we assume that …rms’ incentive compatibility constraint holds
in order to study the problem of allocation of emission reductions among the
group, and its relation with competition on the product market. Recall
that most CEAs originate from professional associations, comprising …rms
belonging to the same industrial sector. It is then legitimate to wonder
whether the use of a CEA could modify the outcome of competition on the
product market.
More precisely, consider a group of n …rms producing an homogeneous

good. Firm i = 1::n is characterized by a cost function Ci(ei; qi), specifying
the cost of producing qi when allowed emissions are ei. Denote total quantity
Q =

P
qi. Assume that the inverse demand function P (Q) be decreasing.

Now set an emission target E. By de…nition, a burden-sharing of E is a
vector of emissions (e1, ..,en) such that

P
ei · E and ei ¸ 0 for all i.

Our focus is on how the choice of a burden-sharing modi…es the outcome of
competition. We therefore ignore the issues of free-riding and implementation
studied in the preceding sections: once a burden-sharing is chosen, each …rm
is supposed to abide by its quota. Equivalently, …rms could sign a binding
contract specifying emission levels. In any case, the choice of the burden-
sharing involves strategic considerations, because …rms anticipate its impact
on competition.
So let us consider that the burden-sharing is chosen at the beginning of a

period, and is followed by a competition game which ultimately determines
production, price and pro…ts. This game is parameterized by the chosen
vector of emissions. Because the design of environmental policies closely de-
pends on whether competition is perfect (price-taking …rms) or not (Cournot
competition)7, we leave the game unspeci…ed and simply assume that:

² the group of n …rms is given, without entry or exit considerations. In
particular, we assume internal solutions (positive quantities and emis-
sions for all …rms).

² There exists a one-to-one relation between the set of feasible burden-
sharing and the set of equilibrium quantities.

7For example, imperfect competition may call for di¤erentiated emission taxes. An
important literature studies this point and similar ones; see for example Conrad and
Wang (1993).
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The …rst assumption is made for the sake of simplicity, and could cer-
tainly be relaxed. In particular, external competitors not participating in
the CEA could be taken into account through the demand function. The
second assumption is less standard in the literature. It speci…es that for each
burden-sharing, there is a unique (pure-strategy) equilibrium in the compe-
tition game. Therefore we can de…ne Q as the set of equilibrium production
vectors. The assumption also stipulates that for each vector q 2 Q, there
exists a unique burden-sharing (e1, ..,en) sustaining it as an equilibrium of
the competition game. Therefore there exists functions (f1, ..,fn) de…ned on
Q, such that for any …rm i, ei = fi(q). The following examples show that
these assumptions are veri…ed under perfect competition and under Cournot
competition.

Example 1: suppose that cost functions are convex, and that the inverse
demand function P (Q) (where Q is total production) is decreasing. Then
given any burden-sharing there exists a unique competitive equilibrium. It
is such that

8 i Ciq(ei; qi) = P (
X
qj) (15)

Assume further that marginal costs are decreasing with respect to allowed
emissions, or equivalently that competitive supplies are increasing with re-
spect to emissions. Then one gets

Q = fq s:t:8 i Ciq(0; qi) ¸ P (
X
qj) ¸ Ciq(+1; qi)g (16)

One can then de…ne fi(q) as the unique emission level ei verifying Ciq(ei; qi) =
P (
P
qj).

Example 2: under the same assumptions, suppose Cournot competition
(with a unique equilibrium). Then fi(q) is the unique emission level ei veri-
fying Ciq(ei; qi) = P (

P
qj) + qiP

0(
P
qj).

4.1 Characterizing the surplus-maximizing policy

At this stage two remarks are noteworthy. First, the choice of burden-sharing
is strategic because it allows …rms to select a particular outcome in the set
Q. In the examples above, this set is quite large because we ignore all
implementation problems; and consequently strategic e¤ects are likely to be
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important (see the next subsection). Second, the existence of a competition
game constrains also the regulator’s policy. For example, given an emission
target E, total quantity Q must be below Q1(E), obtained by maximising
the sum of quantities under the constraints

q 2 Q and
X
fj(q) · E

Also, the ’competition constraints’ (ei = fi(q)) appear when one minimizes
total cost: X

Cj(fj(q); qj)

under the constraints

q 2 Q and
X
fj(q) · E and

X
qj ¸ Q

For Q and E given, this de…nes a cost function C(Q;E). Given E, the
surplus-maximising global quantity is determined through the maximization
of

S(Q)¡ C(Q;E)
where S denotes consumer’s surplus (S 0(Q) = P (Q)), under the constraint
that Q · Q1(E).

In fact, this constraint is likely to be binding. That is, given a target E,
the equilibrium which maximizes total quantity traded should also maximize
total surplus. To show this result, two arguments are needed. First, the
derivative of C with respect to Q should generally be less than the maximum
marginal cost maxj Cjq . Second, most competition games display equilibria
with insu¢cient production: Cjq · p for all j. By transitivity this shows that

@C
@Q

· S0(Q) = P (Q)

so that the optimal policy chooses to maximize the quantity traded: Q =
Q1(E).

Example 1 (continued): suppose …rms are identical, with cost functions

C(e; q) = c(e)q®:
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Assume c0(e) < 0. Convexity requires ® > 1 and c"c(® ¡ 1) ¸ c02®. The
equalization of marginal production costs to price yields

ei = fi(q) = c
¡1(P (

X
qj)q

1¡®
i =®)

so that
C(fi(q); qi) = P (

X
qj)qi=®

The surplus-maximising policy is given by

MaxS(
X
qj)¡ P (

X
qj)

X
(qj)=®

under the constraints that q 2 Q and fi(q) · E. But the maximand is in-
creasing with respect to the sum of quantities. This shows that the regulator
should choose to maximise traded quantities.

4.2 The e¤ect of allowing binding agreements on emis-
sions

Let us turn to …rms’ negotiation on the burden-sharing. Signi…cant di¢cul-
ties may arise, due to the imperfections of the negotiation process. Further-
more, if transfers across …rms are di¢cult to implement, then participation
constraints play an important role. This implies that abatement e¤orts need
not be allocated e¢ciently. Rules-of-thumb such as proportional allocation
of e¤orts are then likely to be chosen.
Nevertheless it must be underlined that giving the power to negotiate on

burden-sharing has strategic e¤ects. In particular, …rms might bene…t from
choosing an allocation of e¤orts which reduces quantities o¤ered and …nally
raises the price.
Consider for example the case when transfers across …rms are possible,

maybe because some research joint-venture was set up. Or assume that …rms
are identical and that the competition game is symmetric, so that …rms agree
to maximise total pro…ts. Given a target E, …rms should then maximize

P (Q)Q¡ C(Q;E)
Denote QM(E) the solution. By construction, QM(E) is less than the maxi-
mal quantity Q1(E). Further Q1(E) is increasing with respect to E. There-
fore there exists E0 < E such that QM(E) = Q1(E).
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Proposition 4 Consider a CEA with target E. When transfers across …rms
are possible,

i) e¢cient negotiation yields a successful CEA, with observed emissions
E0 · E.

ii) Given total quantity, the sharing of e¤ort is the one which would have
been chosen by a surplus-maximizing regulator.

iii) Given the target E, total quantity is smaller than the quantity which
would have been chosen by a surplus-maximizing regulator.

This proposition highlights the importance of the right given to …rms to
negotiate on emissions. This represents an important device for reducing
supplies and raising the equilibrium price. The proposition also explains
why such agreements should appear, even in the absence of governmental
threats. The following example shows that …rms could mimic perfectly a
pure monopoly.

Example 1 (continued): since

C(Q;E) = P (Q)Q=®
…rms will simply maximise revenues P (Q)Q, which yields a solution QM .
Note that QM is the monopoly quantity. Further, it can be implemented as
an equilibrium as soon as c(0) is high enough (see (16)).

4.3 Ine¢cient burden-sharing

The preceding result is somewhat extreme, because it assumes that …rms are
given the right to sign agreements specifying emissions well below the target
E. This part relaxes this assumption and studies the outcome of negotiation
when only agreements specifying

P
ei = E are allowed.

According to Proposition 4, there is now a trade-o¤ between reducing
quantities (which yields lower emissions: E0 < E) and the fact that the
constraint

P
ei · E must be binding. It is easily understood that this trade-

o¤ is solved by introducing ine¢ciencies in the burden-sharing.
Though surprising, this idea can be illustrated by an example. Suppose

that polluting plants can be either obsolete or modern. Obsolete plants have
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high emissions, which could be reduced at a low cost, without modifying
much the marginal cost of production. Modern plants have low emissions,
and reducing them further would be very costly, both in absolute terms and
because this would raise the marginal cost of production. E¢ciency would
require reducing emissions from the obsolete plants; but then the supplies
will be large, yielding a low equilibrium price. However, by reducing emis-
sions mostly on modern plants, supplies are reduced, and the equilibrium
price is raised.

Example 1 (continued): …rms now maximise P (Q)Q under the constraint
that

P
fi(q) = E. For E0 < E, this constraint forces …rms to allocate pro-

duction and emission e¤orts ine¢ciently. Indeed, a higher production Q1(E)
could be obtained while keeping total emissions E constant.

4.4 Related literature

We have shown that negotiation and pre-commitment give some market
power to …rms, who can strategically use an ine¢cient burden-sharing to get
higher prices, and …nally higher pro…ts. In a di¤erent model of bargaining
between a regulator and an industrial organisation, Lehmann (1999) reaches
a similar conclusion that voluntary agreements can o¤er an implicit form of
cartelization bene…tting industry. These results support the view that CEAs
allow for anti-competitive agreements, and our analysis links this view to
the use of an ine¢cient burden-sharing. The conclusion should nevertheless
be tempered by the presence of non-signatory …rms that play a competitive
game. This seems to indicate that CEAs only should be used for sectors
exposed to international competition. CEAs that are applied to entire in-
dustrial sectors, for instance, on the level of the European Union, may lead
to anti-competitive behaviour and an ine¢cient sharing of the abatement
e¤ort.

5 Conclusions
The paper analysed a dynamic model of …rms engaged in a collective environ-
mental agreement under the threat of stricter regulation if the cooperative
agreement failed to implement the environmental objective. The question
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we analysed is whether a CEA e¤ectively can obtain a given target. One
of the main concerns speaking against the use of a CEA is free-riding. Two
di¤erent types of free-riding were de…ned with relation to a CEA. First, some
…rms may not sign an agreement (inter-group free-riding). In order to avoid
inter-group free-riding, the regulator should impose the standard regulation
(for example an emission tax) on non-participating …rms. Second, in the
absence of explicit sanctions in case of failure of the CEA, there are also in-
centives for participating …rms to free ride on each other’s e¤ort (intra-group
free-riding).
We analysed a dynamic multi-…rm model and derived the moral hazard

constraint that has to be ful…lled if …rms are to implement a CEA. We showed
how the moral hazard constraint determines the maximum feasible emission
reduction under a CEA. The outcome depends on a comparison between the
discount factor and the percentage emission reduction. One conclusion is
thus that CEAs only should be used for …rms with high discount factors.
The result underlines the importance of studying a dynamic game rather
than a static model of CEAs. The analysis also showed the importance of
combining a CEA with some other form of regulation, such as a minimum
quota.
However, the analysis assumed that a government’s threat of stricter reg-

ulation if the CEA fails is credible. Therefore, Section 2.2 introduced an
extension of the basic model to include uncertainty about either actual envi-
ronmental damage or the fact that government may be more or less oriented
toward the environment in the future. Introducing uncertainty in the …rst
period further undermines the e¤ectiveness of a CEA compared to using, for
example, an emission tax equal to expected damage.
In Section 3 it was proposed that cooperation on a secondary activity

can strengthen the cooperation on emission reductions and deter intra-group
free-riding. If …rms are to successfully implement a collective emission re-
duction target, they need to be able to observe deviations and have access
to a credible penalty on any …rm that deviates. We showed that the use of
a trigger strategy relying upon the loss in pro…ts from a secondary activity
can constitute a credible threat. This secondary activity can involve positive
bene…ts, for instance, cooperation on R&D, or be of a negative character in
the form of collusion on output price. We exempli…ed the use of linking R&D
activities explicitly to the CEA. Since it costs participants little to exclude a
…rm from an R&D consortium, this trigger strategy is credible and can work
to strengthen cooperation in a CEA. In comparison, negative forms of coop-
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eration on a secondary activity are much less stable because one deviation
can trigger a price war. The analysis therefore concluded by a comparison of
the credibility of the two di¤erent forms of cooperation/collusion as a means
of sustaining cooperation in emission reductions.
Section 4 went on to explore the issue of burden-sharing of the collective

abatement target. Here we assumed that …rms’ moral hazard constraint was
satis…ed in order to concentrate only on possible patterns of burden-sharing
under a CEA.We showed how a CEA can enable …rms to restrict quantities in
an implicit cartelization. However, the presence of non-signatory …rms play-
ing a competitive game partially limits the ine¢ciency. An important policy
message is thus that CEAs only should be used in sectors where prices are
…xed, either by some regulation or by exposure to international competition.
Contrasting the use of CEAs for industry with its use for environmental

policy in the agricultural sector is of some interest. The agricultural sector
has a long tradition of cooperation and if environmental problems are local,
involving only a limited number of actors, CEAs may be more suitable for use
in agricultural policy. When a CEA is used on a small-scale level in the agri-
cultural sector farmers are able to observe each others’ e¤ort and use credible
sanctions on agents that deviate from the agreement, for example exclusion
from the use of common production facilities. Furthermore, since agricultural
prices normally are …xed by regulation or determined by world market condi-
tions, the problem of price collusion and ine¢cient burden-sharing normally
would not occur for the use of CEAs in this sector.

APPENDIX

Proof of Proposition 2

First, let us introduce some simplifying notation, denoting the von Neumann-
Morgenstern expected utility function by v :

v(d) = ¼(e(d))¡ de(d) (17)

The …rst and second derivatives of v(d) are:

v0(d) = ¡e(d) < 0 (18)
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v00(d) = ¡e0(d) > 0 (19)

Note that equations 18 and 19 imply that …rms are risk loving, a well
known fact.
The relative ease of satisfying the moral hazard constraint of a CEA when

there is uncertainty depends upon the di¤erence of the RHS of equations 9
and 1, assuming the same policy target. This di¤erence is

E f¼(e(d))¡ de(d)g ¡max
e
[¼(e)¡ te] (20)

For a given policy target, optimal emission levels are identical in the
two cases, which implies the equality of d and t. Since, by equations 18
and 19, …rms are risk loving, the di¤erence in equation 20 is then positive
by Jensen’s inequality. Hence, compared to 1, the incentive compatibility
constraint in the …rst period is now more di¢cult to satisfy for the same
aggregate objective E.
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