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Abstract

Studies of second-best environmental regulation of identical polluting

agents have invariably ignored potentially welfare-improving asymmetric

regulation by imposing equal regulatory treatment of identical firms at

the outset. Yet, cost asymmetry between oligopoly firms may well give

rise to private as well as social gains. A trade-o® is demonstrated for

the regulator, between private costs savings and additional social costs

when asymmetric treatment is allowed. Asymmetry is indeed optimal for

a range of plausible parameter values. Further, it is demonstrated that

for a broad class of abatement cost functions, there is scope for increasing

welfare while keeping both total output and total emission constant. Some

motivating policy issues are discussed in light of the results, including

international harmonization and global carbon dioxide reduction.
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1 Introduction

In the literature on environmental regulation, it has invariably been taken for

granted in much theoretical as well as applied work that any optimal environ-

mental regulation of identical polluting firms would involve setting the same re-

quirements for all firms. Whether identical treatment of symmetric agents is al-

ways well-founded from a normative standpoint has hardly ever been questioned.

When discrimination appears in practice, economists have typically resorted to

arguments of political economy and interest group influence or strategic be-

haviour of decision-makers to explain observed outcomes.1 In the international

arena, most policy economists also approve of identical requirements across

polluting units to secure Pareto improvements. For instance, this is reflected

within the European Union where harmonisation of environmental standards

and taxes is given high priority on the political agenda to reduce distortions of

trade. In the context of instrument design at the national level, the US method

of grandfathered emission permits treats firms equally if and only if these firms

are considered identical (in terms of historical emission, production level, etc.)

Recent economic theory has however seriously challenged the conventional

wisdom of unconditional symmetric treatment. Salant and Sha®er (1999) and

Long and Soubeyran (2001) provide general analyses of two-stage games where

producers compete a la Cournot in the second stage, upon first-period actions

that determine their marginal costs, taken either by the firms or their govern-

ment. In such settings, rearranging marginal costs between ex ante identical

firms while keeping the sum of marginal costs unaltered may result in a rise in

welfare relative to the initial outcome2. This result follows from the following

1
Frederiksson (1997) analyses the design of pollution taxes in a political equilibrium influ-

enced by workers, industrialists and environmentalists. Nannerup (2001) provides arguments

relying on strategic behaviour to explain di®erentiated taxes across industrial sectors.

2
For applications of such rearrangements, see Long and Soubeyran (1997, 1999) and Salant

and Sha®er (1998). These papers analyse asymmetric investments in research joint ventures

and basically show that joint profits of firms can be increased by reallocating symmetric R&D

investment across firms.
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insight provided by Bergstrom and Varian (1985a,b) for a Cournot oligopoly

composed of firms with constant marginal costs: Aggregate production costs

will fall if the variance of marginal costs across firms is increased without alter-

ing the sum of marginal costs. Further, total industry output will not change

implying that price and thus consumer surplus are also unchanged.

The paper provides a formal analysis of the potential benefit from asym-

metric regulation in an environmental setting. Many problems of pollution can

be analyzed within the basic two-stage game where a government in stage one

imposes emission standards or taxes on an industry, thus a®ecting marginal

costs in the ensuing Cournot game. Asymmetric regulation would then entail

otherwise identical producers facing di®erent levels of standards/taxes.3

The set-up and assumptions we consider in this paper constitute the basic

framework for numerous analyses of regulation of industry, both in the industrial

organization and the environmental economics literatures. The scope for asym-

metric regulation is our main concern here.4 The environmental instrument

invoked is a direct emission standard, the level of which directly determines

firms’ marginal abatement costs. As a preview, interpreting the asymmetry re-

sult in the context of pollution indicates that symmetric regulation may conflict

with a minimization of total private production costs of industry (including costs

of emission abatement). However, along the lines of Bergstrom-Varian, we first

demonstrate that asymmetric treatment of equal firms, in terms of changes in

marginal costs keeping a constant sum, will not necessarily be welfare improv-

ing, basically because such induced changes via environmental policy are likely

to raise total emission from the industry. This suggests an interesting trade-o®

with respect to the e®ects on private and social costs of introducing asymmetry

in environmental regulation. We subsequently find that, for a given marginal

3
In a broader setting than in the present paper, asymmetric environmental regulation is

analysed in Long and Soubeyran (2001). See also Long and Soubeyran (1999) .
4In a model with non-identical firms, Long and Soubeyran (2002) show how the optimal

firm-specific taxes are related to the structure of heterogeneous costs and emission-output

ratios under di®erent market forms. Their model does not allow for firms’ abatement e®orts

and costs, which is the focus of the present model.

3



cost sum, asymmetric regulation will lead to welfare improvements when total

welfare is convex along the path of constant aggregate marginal costs. Based

on these insights, we leave the aggregate marginal costs focus to examine a per-

haps more obvious question for an environmental authority: Is there scope for

increasing welfare by deviating from an equal distribution of aggregate emission

levels while keeping total output and total emission constant? Our analysis

reveals that for a broad class of abatement cost functions and general demand

function, this is indeed the case. For these cost functions, we further provide

the theoretical conditions for welfare gains from unequal treatment under the

constant emission and output restrictions.5

This finding also gives rise to second thoughts regarding a commonly used

procedure when a social welfare function is maximized in analytical models in-

volving identical agents. Most often a symmetry restriction is imposed at the

outset to simplify derivations, meaning that the possibility of a solution charac-

terized by asymmetry is a prori ruled out. Several analytical derivations of op-

timal policies in related contexts have thus characterized symmetry-constrained

maxima of social welfare, the regulator’s objective.

The regulatory issues analyzed in the present paper deal with second-best

regulation, i.e. situations where the regulator takes it for granted that the

firms under consideration will continue to behave in a strategic or imperfectly

competitive manner in the market after the regulatory scheme enters into e®ect.

The present paper has not investigatd whether any of the purpoted benefits of

asymmetric second-best regulation would necessarily carry over to a world of

first-best regulation that includes some control over the firms’ market behavior.

The next section presents the basic model. Based on interpreting the Bergstrom-

Varian result, this section presents the asymmetry phenomenon and the trade-o®

5
An extension of the model to more general specifications of market primitives could be

based on recent results on Cournot oligopoly obtained in Amir (1996) and Amir and Lambson

(2000). In this regard, recall that the key result of Bergstrom and Varian (1985a,b) holds

for a very broad class of inverse demand functions: Those satisfying the natural property of

declining marginal revenue (i.e., with P0(x) +xP 00(x) < 0, for all x ¸ 0.)
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arising from unequal treatment between private cost savings and higher damage

costs. In section 3 the focus shifts to abatement cost formulations and we exam-

ine the scope for asymmetric regulation to be socially costless as environmental

damage is unchanged. Section 4 is devoted to a discussion of robustness and

some possible applications. In light of the formal analysis, the prospects for

generating additional social benefits from an asymmetric policy for a range of

local and global environmental issues will be discussed.

2 The model

There are two identical firms, indexed i = 1, 2, competing in a Cournot market

with output levels q1 and q2 respectively The firms face an inverse downward

sloping demand function P (Q), where Q = q1+ q2 is total output.
6 Production

generates pollution, which can be abated at some cost. Assume that the level

of polluting emission ei of firm i is given by ei = qi/ai, where ai is the level of

abatement units chosen by the firm. Emission is thus increasing in production,

but firms are able to reduce the negative environmental consequences of their

activity by devoting resources to emission abatement. Denote the price of an

abatement unit by r. For simplicity we ignore direct production costs.Prior to

production decisions, the government intervenes in production by imposing an

emission standard on the producers. We thus consider a simple two-stage game.

Standards, being the only instrument available, are assigned to firms in stage

one by a national government maximizing social welfare. The two domestic

producers, knowing both limits, play a Cournot game in stage two. We focus

on subgame-perfect equilibria of this two-stage game. It is assumed throughout

that the inverse demand function satisfies P 0 (Q) +QP 00 (Q) < 0, for all Q ¸ 0,

or that P (·) is log-concave, i.e. P (Q)P 00 (Q)¡P 02 (Q) < 0, for all Q ¸ 0.Under

either one of these assumptions, the Cournot duopoly is a game of strategic

substitutes (i.e. the reaction curve is downward-sloping). Furthermore, there is

6
We restrict attention to duopoly for the sake of a simplified presentation only. The analysis

at hand fully carries over to a model with n identical firms.
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a unique Cournot equilibrium if production costs are linear (see e.g. Novshek

1985, Amir 1996 and Amir and Lambson, 2000.)

Environmental damage is assumed to depend on the unweighted sum of

emissions from the two firms:

D (e1, e2) =
d

2
(e1 + e2)

2
,

where d > 0. This specific function is chosen in order to present the basic point

on asymmetry as simply as possible.

Before formulating the social welfare function, it is useful to cast the ar-

gument of Bergstrom and Varian (1985a-b) in this context of environmental

regulation. Let e1 and e2 denote the emission standards set in stage one. Using

a1 = q1/e1, in the Cournot game, firm 1 will choose the level of q1 in the second

stage that maximizes its profits given by

¦1 (q1, q2) = Pq1 ¡
r

e1

q1.

The first-order condition is

P (q1 + q2) + P
0 (q1 + q2) q1 ¡

r

e1
= 0. (1)

Adding this condition to the equivalent first-order condition for firm 2 yields

2P (Q) + P 0(Q)Q = r

µ
1

e1
+
1

e2

¶
.

It appears that total output in the Cournot equilibrium will depend only on the

sum of the reciprocal standards and not on the distribution of these across the

firms. Any change in environmental policy leading to another interior Cournot

equilibrium that keeps this sum unchanged will then result in the same total

production in the industry. Thus the market price also remains the same, and

consequently, consumer surplus in the market is unchanged. Hence, there is

scope for a redistribution of environmental requirements across firms a®ecting

neither industry revenue nor total consumer surplus in the market. In relation

to Bergstrom and Varian (1985a,b), the above result obtains because, for a given

6



emission standard (as well as r), the firms’ expenditures for emission abatement

lead to a constant e®ective marginal cost structure.

The immediate policy implication is that a rationale for imposing di®erent

emission limits on the two firms must be found at the cost side of production.

We thus ask whether asymmetric treatment of the firms leads to a minimum

in private and social costs of production, that is, whether incentives exist for a

welfare maximizing environmental authority to deviate from uniform emission

limits. As a first step in understanding this issue, consider a simple formulation

of social welfare,W . If we assume that all production is for the domestic market,

social welfare can be measured as the sum of profit and consumer surplus, CS,

less environmental damage. It also proves convenient to redefine the choice

variables of the government from (e1, e2) to (°1, °2) = (r/e1, r/e2), so that we

may view the government as directly deciding on firms’ marginal costs through

environmental policy.7 We then have

W = ¦1 +¦2 + CS ¡D

= S ¡ °1q1 ¡ °2q2 ¡
d

2
r
2

µ
1

°1

+
1

°2

¶2
, (2)

where S ,
R Q
0 P (t)dt expresses consumers’ surplus plus firms’ total revenue.

Social welfare is then S minus private and social costs of production. Using the

industry equilibrium first order conditions qi = (°i ¡ P ) /P 0 in (2) yields

W = S +
P

P 0 (°1 + °2)¡
1

P 0

¡
°
2
1 + °

2
2

¢
¡
d

2
r
2

µ
1

°1

+
1

°2

¶2
. (3)

We know from above that a change in policy that preserves the sum °1+°2 will

not change the level of S or the second term in the RHS of (3). However, for a

given sum, a deviation from uniform emission standards is a variance-increasing

shift for marginal costs, and the third term reveals that such a change will then

always decrease private production costs (as P 0 < 0). This is the Bergstrom-

Varian point in the context of a polluting duopoly. The immediate logic is that

a deviation from uniform emission limits implies a gain in market shares in

7
As r/ei is a strictly monotonic transformation of ei, this convenient change of variable

will not alter the solution of the optimization problem.
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the Cournot equilibrium for the ex post low-cost firm so that a larger share of

the unaltered industry output is produced at lower cost. In contrast, the last

term in (3) reveals that increasing the variance of firms’ marginal costs leads

to higher damage costs because total emission will rise. Equal treatment of

producers thus leads to the maximum for industryb4s production costs and a

minimum for damage costs, caused by a minimized aggregate emission level. In

the words of Long and Soubeyran (2001), for this particular set-up, there is a,

’cost of manipulating marginal cost’ through environmental standards in terms

of a higher emission level. It follows that deviations from equal environmental

regulation of identical producers is not always welfare increasing.

To illuminate this result further, it is useful to reformulate the welfare ex-

pression in (2). We will consider the shape of the welfare function under the

benchmark of a given sum of marginal costs, k = °1 + °2. Assume for the rest

of the section a linear inverse demand function P = A ¡ q1 ¡ q2. First, in the

stage two industry equilibrium, firm 1’s first order condition (1) now yields, after

substituting home output for rival output (from firm 2’s first order condition):

q1 =
1

3
(A ¡ 2°1 + °2) . (4)

After inserting (4) in (2), and as S equals
R q1+q2
0

[A ¡ q1¡ q2] dq̃ = A (q1 + q2)

¡bd (q1 + q2)2, social welfare becomes

W =
1

9

·∙
4A2 ¡ 4A (°1 + °2) +

11

2

¡
°
2
1+ °

2
2

¢
¡ 7°1°2

¸
¡
d

2
r
2

µ
1

°1

+
1

°2

¶2
.

(5)

Now eliminate °2 = k ¡ °1 in (5). The welfare expression then yields

Ŵ =
1

9

·∙
4A2 ¡ 4Ak +

11

2

³
°
2
1 + (k ¡ °1)

2
´
¡ 7°1 (k ¡ °1)

¸

¡
d

2
r
2

µ
1

°1

+
1

k ¡ °1

¶2
. (6)

Di®erentiating (6) with respect to °1 now means that the e®ects of a change

in °1 can be considered under the assumption that °2 adjusts to keep °1 + °2
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constant at the level k . The first derivative is given by

dŴ

d°1

= (4°1¡ 2k) + dr
2

·∙
1

°1

+
1

k ¡ °1

¸"
1

°
2
1

¡
1

(k ¡ °1)
2

#
. (7)

This expression may be negative or positive. However, for the symmetric

point where °1 = °2 the derivative is always equal to zero, as both the first

term, representing the change in production costs, as well as the second term,

representing the change in damage costs, are zero. This can all be verified by

inserting k = 2°1. This explicitly shows that welfare is at a minimum or at a

maximum for any symmetric allocation of the standards. The second derivative

now yields

d
2
Ŵ

d°
2
1

= 4¡ 2dr2
·∙
1

°1

+
1

k ¡ °1

¸"Ã
1

°
2
1

¡
1

(k ¡ °1)
2

!

+

Ã
1

°
3
1

+
1

(k ¡ °1)
3

!#

.

For the symmetric point where °1 = °2 = ° and k = 2° we get

d2Ŵ

d°2
= 4 ¡ 8dr2

1

°4
. (8)

When (8) is positive, welfare is convex around the symmetric point, and hence

a symmetric allocation cannot be optimal: Any small deviation from °1 = °2

along the line °1+°2 = k will increase welfare. In figure 1, equilibrium welfare in

(5) is depicted as function of the choice variables (°1, °2) for welfare levels in the

interval [¡20;20] and for the fixed parameter values d = 8 , r = 3, and A = 10.

It clearly appears that asymmetric regulation will be optimal as the figure shows

increasing welfare as one moves away from the diagonal towards the ’corners’ of

the figure, i.e. as regulation becomes increasingly asymmetric8. In line with the

zero value of (7) for °1 = °2, it appears that, for a given sum of marginal costs,

symmetric regulation is either a local maximum or a local minimum for welfare.

8When seeking a global maximum for welfare, the welfare function should be examined

under the condition that both producers stay in the market, that is q1 , q2 > 0. The global

maximum is of minor interest in a setting of (environmental) regulation if it implies that the

regulator would force one of two firms out of the market. We thus disregard the problem of

finding the optimal sum of °1 + °2.
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The present results are consistent with Long and Soubeyran (2001) who in their

general analysis on ex-ante identical firms find that when the objective function

is strictly concave (stictly convex) in a global sense, for a given sum of choice

variables, the solution is symmetric (asymmetric).

3 Unequal treatment with unaltered damage costs

It may often be vital in an environmental policy setting that asymmetry can

be introduced costlessly, that is without costs of manipulation. The latter are

present in the form of higher damage above because the unaltered sum manipu-

lation of marginal costs leads to higher total emission, and thus to higher envi-

ronmental degradation. It is however possible within our framework to uncover

circumstances where asymmetry leads to cost savings without any degradation

of the environment. We will address this issue by showing that for a broad class

of abatement cost functions for producers, the regulator can induce welfare gains

from asymmetry, via production cost savings while at the same time keeping

both total output and total emission unaltered. Assume a general inverse de-

mand function satisfying the conditions of Section 2. Again, we focus purely on

costs of pollution abatement. Assume an abatement cost function for producers

C
i (qi, ei) with C

i
q > 0 and Cie < 0, i = 1, 2. In the Nash-Cournot industry

equilibrium, the producer now chooses output from P + P 0
qi ¡ C i

q (qi ,ei) = 0.

Summation over the two first order conditions yields

2P (Q) + P 0(Q)Q = C 1
q (q1, e1) + C

2
q (q2, e2) .

When the right-hand side in this relation is given by additively separable terms

in total output and total emission, manipulating standards under an unaltered

total emission restriction will not imply changes in total output, price, CS or

environmental damage. The question of interest here is whether such a manip-

ulation can lead to cost savings.

Consider the following abatement cost functions (for i = 1, 2):

C
i (qi, ei) = bq

2
i + (c ¡ ±ei) qi + f (ei) ,
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where b, ± > 0, c ¸ 0, Ciq = 2bqi + c ¡ ±ei > 0, C i
e = ¡±qi + f 0 (ei) < 0.

Observe that with this abatement cost function, asymmetric regulation with

an unaltered total emission level e1+ e2 will leave Q and P unchanged. Indeed,

the first order condition now yields P + P 0qi = 2bqi + c ¡ ±ei, i = 1, 2, which

upon summation leads to 2(P ¡ c) + (P 0 ¡ 2b)Q = ¡±(e1 + e2).

Call the subgame-perfect equilibrium (or SPE) of the two-stage game where

the regulator is restricted to choose an equal treatment solution the constrained-

symmetric equilibrium or CSE. Let the corresponding price be Ps , and e1 =

e2 = e
s
, e1 + e2 = k and q1,q2 > 0.

In the appendix we prove the following central result of this paper:

Proposition 1.

Assume a general inverse demand function satisfying the assumptions of

Section 2, and let the producer abatement cost functions be of the form shown

above with marginal costs being separable in output and emissions:

i) Relative to the CSE, an asymmetric regulation level along the path of total

emission k , inducing oligopoly, will lead to welfare gains via cost savings if

2±2 (P 0
S ¡ b)

(2b ¡ P 0S)
2
+ f 00 (es) < 0. (9)

ii) Assume an initial (not necessarily symmetric) regulation, such that at the

resulting Cournot equilibrium, price is P and e1 + e2 = k . Given the fixed total

emission k, increased asymmetry will always lead to higher welfare if

4±2 (P 0 ¡ b)
(2b ¡ P 0)2

+ f 00 (e1) + f
00 (e2) < 0, (10)

for any pair of emission levels (e1, e2) inducing duopoly in the second stage.

Note that i) is a rule that secures unequal treatment to be welfare improving

relative to equal treatment for the given total emission k . Under this rule, a local

change in regulation around the symmetric point will lead to cost savings, so

that ’some’ asymmetry causes e±ciency gains. Further, an important corollary

of ii) is that, when f is constant or linear in ei , higher asymmetry will always

lead to cost savings. In this case it is clearly seen that the above rule reduces

to P 0 < b which is always satisfied. To apply the proposition and to illustrate
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that the derived cost function reflects environmental and economic reality in a

reasonable way, consider the following example.

An example

With c = 0 and f (ei) =
±2

4b
e2i , the above abatement cost function be-

comes Ci (qi, ei) = bq
2
i ¡ ±eiqi +

±2

4b
e
2
i . This function reflects the case of a

linear relationship between emission, output and abatement e®ort of the kind

±
2
p
b
ei =

p
bqi ¡ ai , and, moreover, progressively increasing abatement costs

in the e®ort variable according to the function a2i . This is easily verified by

substituting ai =
p
bqi ¡ ±

2
p
b
ei in the function a

2
i . Applying the rule in the

proposition, we find that raising asymmetry implies cost savings if

2±2 [P 0 ¡ b]
[2b¡ P 0]2

+
±
2

2b
< 0,

which, after some calculations, reduces to P 02 < 0, which is false for any (e1, e2)

with a constant sum. Hence, in this setting symmetric regulation is always

optimal. Though a slight modification makes asymmetric regulation preferable.

Assume that the cost function is now given by a2i + Ki (ei) where the second

term contributes to a more concave abatement cost function in emission in that

K
00
i (ei) < 0. Assume for simplicity thatKi(ei) = ¡ ±2

4b
e
2
i . Obviously, this implies

that costs are linear in emission for qi given, that is C
i (qi, ei) = bq

2
i ¡ ±eiqi . In

relation to the proposition, the function f (ei) is now zero and we can conclude

that asymmetric regulation is optimal for any level of total emission. The second

partial derivative in individual emission being positive (that is C i
ee > 0, which is

normally assumed), we could however still have an asymmetric welfare optimum.

As f 00 (es) in the condition (9) reflects this second partial derivative, it follows

that if C i
ee < ¡2±

2 [P 0 ¡ b] / [2b ¡ P 0]2, the welfare optimum is asymmetric. The

right hand side of this inequality is clearly positive.

4 Conclusion

The paper has considered the prospects for asymmetric environmental regu-

lation of identical producers based on insights achieved in recent analyses of
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oligopoly games. A trade-o® is demonstrated to be likely between private cost

savings and additional social costs when asymmetry is introduced. However

for a broad class of abatement cost functions it has been shown that welfare

gains will arise from asymmetric regulation without a®ecting total emission and

thereby environmental quality. This indicates good perspectives for asymmetric

environmental regulation in practice.

Other formulations of the environmental setting could make the perspective

of welfare gains from asymmetry even better. In reality, it is most often the

case that producers a®ect environmental quality di®erently, due to firms being

located in di®erent geographical regions or using di®erent production processes.

One of the firms could be located in a densely populated or otherwise more en-

vironmentally sensitive area. Alternatively, the so-called assimilative capacity

of the environment for the particular emissions under consideration could di®er

between regions. Also one could think of di®erent environmental quality prefer-

ences of local citizens across regions implying a weighted environmental damage

function at the national level. Formally, this could be based on the damage cost

function D (e1,e2) =
d
2
(e1 + ®e2)

2
, 0 < ® < 1, showing that emission from

firm 2’s production causes relatively less damage to the environment. Reduced

damage costs will then arise by allocating more environmental resources to re-

gion 2, implying that a higher emission limit should be imposed on producer 1,

on environmental as well as e±cient asymmetry grounds. Introducing marginal

cost asymmetries through environmental requirements will, under this damage

structure, lead to reduced externalities (up to some point), so that the e®ects

of unequal treatment on industry costs and the environment work in the same

direction. No qualitative result will change relative to a model consisting of

some identical and some non-identical producers. Introducing emission stan-

dard asymmetry on identical producers in the manner shown in section 2 and

3 will not change total output, price or consumer surplus, and accordingly will

give rise to possible welfare gains. This is naturally most important for real

policy issues, where the simple case of identical agents rarely appears.

The motivation for the paper is to a large extent related to real policy and
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some instances of applications, where the findings challenges aspects of the

conventional wisdom within environmental policy, are worth mentioning. These

issues would be important extensions for future research.

In relation to global CO2 reduction, accepting generally weaker CO2 policies

in certain countries implies de facto asymmetric regulation across international

(identical) industrial sectors, and, according to our findings, the resulting out-

come may for some industries welfare dominate equal treatment. Asymmetric

regulation via environmental agreements may moreover constitute an interesting

compromise alternative to side-payment strategies as it also contains indirect

transfers via the recognition of higher market shares for countries taking weak

measures, such as developing countries, relative to countries taking strong mea-

sures. Should the acceptance of asymmetric policies across nations, in fact, be

treated as a powerful international distributional mechanism, which, in some

situations, could replace politically complex side-payments between nations?

Along the same lines, the asymmetry result indicates that complete harmo-

nization of environmental policy across countries may obviously be unwarranted.

This insight is important and may be applicable to EU industries, which are

characterized by a great deal of symmetry in that production is based on iden-

tical technology and human resources.9

It is also important to consider the informational feasibility of an asymmetric

scheme and what this implies for real policy. In the present theoretical setting,

policymakers need to possess perfect information on cost structures at the firm

level in order to generate the potential gains from asymmetric policies. In the

absence of perfect information for regulatory authorities in practice, the asym-

metry result is a strong case for a decentralized regulation procedure where the

environmental authority delegates the regulation of individual producers to in-

dustry itself, and, roughly speaking, limits market intervention to the imposition

of an overall pollution reduction objective for the sector. The better-informed

industrial associations and firm environmental planners can then be entrusted

9
In the EU treaty, Article 100a aims at complete harmonisation and places responsibility

on the European Commision for harmonising environmental laws of the member states.
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as the driving force behind the asymmetric allocation of abatement costs.

It also seems interesting to compare the potential of asymmetric regulation

for various environmental policy instruments. One may thus ask whether estab-

lished findings on economic instruments and command-and-control instruments

will hold given that asymmetric treatment of identical units leads to welfare

gains. It is for example clear that uniform Pigouvian taxes cannot generate

asymmetry. Does this mean that taxes should be di®erentiated? Moreover, due

to their di®erent marginal impacts on output and emission, taxes and standards

may, in general, have di®erent potential in inducing asymmetric allocations in

various settings. These are immediate questions arising from the analysis. More

work needs to be done for a better understanding of the di®erences between in-

struments, in light of the potential benefits of asymmetric treatment.

An obvious theoretical extension of the analysis is related to the asymmetric

optimum. Having proved that asymmetric treatment may be optimal, it is

still left open to fully characterize the globally optimal solution. This task is

considered beyond the scope of the present analysis. Inspiration for analysing

optimal solutions in the two stage game can be derived from Salant and Sha®er

(1998) . They identify a number of asymmetric optima for R&D investments in

the prior stage of the two-stage game.

The analysis presented in this paper deals with second-best regulation, wherein

the regulatory authority takes as given that the firms’ conduct in the market

is one of imperfect competition. While the bulk of regulatory intervention in

free-market economies nowadays falls in this category, it can nevertheless be

the case in some settings that this authority also has other regulatory tools at

its disposal, such as taxes or subsidies, tools that may be used to partially or

fully restore social optimality in the market before considering the symmetric or

asymmetric regulatory scheme analyzed in this paper. An interesting open issue,

for possible future work on this topic, is to investigate whether the conclusions

derived here would extend to this idealized world of first-best regulation.
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5 Appendix

Proof of Propostion 1.

Consider an initial (not necessarily symmetric) equilibrium, inducing duopoly.

From the firm first order condition, output is given by qi = (P + ±ei ¡ c)/ (2b¡ P 0).

Inserting this expression in the abatement cost function, equilibrium total abate-

ment costs will be

X

i=1,2

Ci (qi, ei) =
X

i=1,2

"
b

µ
P + ±ei ¡ c
2b ¡ P 0

¶2
+ (c¡ ±ei)

µ
P + ±ei ¡ c
2b ¡ P 0

¶
+ f (ei)

#

After a large rearrangement, this sum can be expressed as

1

(2b¡ P 0)
2

£
K0 +K1 (e1 + e2) + ±

2 (P 0 ¡ b)
¡
e
2
1 + e

2
2

¢¤
+ f (e1) + f (e2) ,

with K0 = 2 (P ¡ c) [cb + bP ¡ cP 0] and K1 = ± [2c (b ¡ P 0) + PP 0]. After sub-

stituting e2 = k ¡ e1 into the cost expression, this yields

1

(2b ¡ P 0)
2

£
K0 + kK1 + ±

2 (P 0 ¡ b)
¡
k
2 + 2e21 ¡ 2ke1

¢¤
+ f (e1) + f (k ¡ e1) .

(11)

For the second derivative in e1 of (11) negative, total abatement costs are strictly

concave, that is

4±2 (P 0 ¡ b)
(2b ¡ P 0)2

+ f 00 (e1) + f
00 (k ¡ e1) < 0.

Under this condition, increased asymmetry leads to cost savings. Substituting

k ¡ e1 = e2 leads to the condition (11) in Proposition 1. This proves ii).

For the symmetric equilibrium, insert es = e1 = e2 in (10) . Given the price

PS , this leads to
2±2(P 0S¡b)
(2b¡P 0S)

2 + f
00 (es) < 0. Total costs are then strictly concave

around the symmetric point under this condition and deviating from symmetry

implies a welfare gain. This proves i). ¤
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